Office de la Propriete Canadian CA 2504829 A1 2004/05/21

Intellectuelle Intellectual Property
du Canada Office (21) 2 504 829
v organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2003/11/06 (51) CLInt.”/Int.Cl1.” GO1N 33/53, C12Q 1/68

(87) Date publication PCT/PCT Publication Date: 2004/05/21 (71) Demandeur/Applicant:
(85) Entréee phase nationale/National Entry: 2005/05/03 CELLESTIS LIMITED, AU

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: AU 2003/001464 ROTHEL JAMES STUART. AU:

(87) N° publication PCT/PCT Publication No.: 2004/042396 WILD, STEVEN PAUL, AU:

(30) Priorité/Priority: 2002/11/08 (2002952548) AU COSGRIFF, ANGELA, AU
(74) Agent: BERESKIN & PARR

(54) Titre : METHODE DIAGNOSTIQUE PERMETTANT DE MESURER UNE REPONSE IMMUNITAIRE A MEDIATION
CELLULAIRE

(54) Title: DIAGNOSTIC ASSAY FOR MEASURING A CELL MEDIATED IMMUNE RESPONSE

(57) Abrégée/Abstract:

The present invention relates generally to a diagnostic assay and, more particularly, an assay for measuring cell-mediated immune
reactivity. Even more particularly, the present invention provides an assay and a kit for measuring a cell-mediated response to an
antigen using whole blood or other suitable biological sample. The assay may be conducted using ligands to immune effector
molecules or at the nucleic acid level, screening for expression of genes encoding the immune effector molecules. The assay Is
useful in therapeutic and diagnostic protocols for human, livestock and veterinary and wild life applications.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02504829 2005-05-03

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date (10) International Publication Number
21 May 2004 (21.05.2004) PCT WO 2004/042396 A1l
(51) International Patent Classification’: GOIN 33/53, (74) Agents: HUGHES, E., John, L. et al.; Davies Collison
C12Q 1/68 Cave, 1 Little Collins Street, Melbourne, Victoria 3000
(AU).

(21) International Application Number:

PCT/AU2003/001464  (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ.,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR,

(22) International Filing Date: CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
6 November 2003 (06.11.2003) GE, GH, GM, HR, HU, ID. IL., IN, IS, JP, KE, KG, KP, KR,

KZ,LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN,

(25) Filing Language: English MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,

SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

(26) Publication Language: English
(30) Priority Data: (84) Designated States (regional): ARIPO patent (BW, GH,
2002952548 8 November 2002 (08.11.2002) AU GM, KE, LS, MW, MZ, 8D, SL, SZ, TZ, UG, ZM, ZW),

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,

(71) Applicant (for all designated States except US):
CELLESTIS LIMITED [AU/AU]; -, 1/159 Dorcas
Street, South Melbourne, Victoria 3205 (AU).

ES, FI, FR, GB, GR, HU, IE, I'T, LU, MC, NL, PT, RO, SE,
SI, SK, TR), OAPI patent (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ROTHEL, James, Published:
Stuart [AU/AU]; -, 10 Rothschild Street, Glen Huntly, Vic- with international search report
toria 3163 (AU). WILD, Steven, Paul [AU/AUJ; -, 49 Wa-
termoor Avenue, Kilsyth South, Victoria 3137 (AU). COS-  For two-letter codes and other abbreviations, refer to the "Guid-
GRIFF, Angela [AU/AU]; -, 8 Trinian Street, Prahran, Vic-  ance Notes on Codes and Abbreviations” appearing at the begin-
toria 3181 (AU). ning of each regular issue of the PCT Gagzette.

(54) Title: DIAGNOSTIC ASSAY FOR MEASURING A CELL MEDIATED IMMUNE RESPONSE

(57) Abstract: The present invention relates generally to a diagnostic assay and, more particularly, an assay for measuring cell-
mediated immune reactivity. Even more particularly, the present invention provides an assay and a kit for measuring a cell-mediated
response to an antigen using whole blood or other suitable biological sample. The assay may be conducted using ligands to immune
effector molecules or at the nucleic acid level, screening for expression of genes encoding the immune effector molecules. The assay
is useful in therapeutic and diagnostic protocols for human, livestock and veterinary and wild life applications.

wO 2004/042396 A1 |10 OO T A0 0 TR0



10

15

20

25

30

CA 02504829 2005-05-03

WO 2004/042396 PCT/AU2003/001464

-1 -

DIAGNOSTIC ASSAY FOR MEASURING A CELL MEDIATED IMMUNE RESPONSE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates generally to a diagnostic assay and, more particularly, an
assay for measuring cell-mediated immune reactivity. Even more particularly, the present
invention provides an assay and a kit for measuring a cell-mediated response to an antigen
using whole blood or other suitable biological sample. The assay may be conducted using
ligands to immune effector molecules or at the nucleic acid level, screening for expression
of genes encoding the immune effector molecules. The assay is useful in therapeutic and

diagnostic protocols for human, livestock and veterinary and wild life applications.

DESCRIPTION OF THE PRIOR ART

Bibliographic details of references provided in the subject specification are listed at the end

of the specification.

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common

general knowledge in any country.

Measurement of cell-mediated immune (CMI) responses is important for immune '
diagnosis of many infectious and autoimmune diseases, as a marker for
immunocompetence, and for detection of T-cell responses to endogenous and exogenous

antigens (1.e. vaccines).

Current methods for detecting CMI responses include skin tests measuring both immediate
and delayed type hypersensitivity, lymphocyte proliferation assays and measurement of

cytokines produced by purified mononuclear cells cultured with antigen.
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Most in vitro methods for detecting CMI responses involve the purification of lymphocytes
from whole blood, culturing these lymphocytes with an antigen for periods from 12 hours
to 6 days and then detecting T-cell reactivity to the antigen. Older, established methods,
such as the proliferation assay, use the uptake of radioactive isotopes by dividing T-cells as
a marker for CMI reactivity. More recently, techniques such as a single cell assay
(ELISpot) have been used to detect the number of T-cells producing certain cytokines in

response to the antigenic stimulation.

Despite the existence of the previously used assays for measuring CMI responsiveness, the
practical limitations of easily and accurately measuring CMI responses have hitherto
precluded large scale adoption of these assays in standard and routine medical practice in

the diagnosis of infectious disease, autoimmune disease and oncology.
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SUMMARY OF THE INVENTION

Throughout this specification, unless the context requires otherwise, the word “comprise”,
or varlations such as “comprises” or “comprising”, will be understood to imply the
inclusion of a stated element or integer or group of elements or integers but not the

exclusion of any other element or integer or group of elements or integers.

The present invention provides a method for measuring CMI in a subject by incubating a

sample from the subject which comprises T-cells or other cells of the immune system with
an antigen. Production of IFN-y or other cytokine or immune effector molecule(s) is then

detected. The presence or level of immune effector is then indicative of the level of cell

mediated responsiveness of the subject.

Preferably, the sample is whole blood which is collected in a suitable container comprising

the antigen. Optionally, a simple sugar such as dextrose is added to the incubation mixture.

Accordingly, one aspect of the present invention contemplates a method for measuring a
CMI response 1n a subject, said method comprising collecting a sample from said subject
wherein said sample comprises cells of the immune system which are capable of producing
immune effector molecules following stimulation by an antigen, iﬁcubating said sample
with an antigen and then measuring the presence of or elevation in the level of an immune
ettector molecule wherein the presence or level of said immune effector molecule is

indicative of the capacity of said subject to mount a cell-mediated immune response.

Preferably, the subject is a human. The present invention contemplates, however, primates,
livestock animals, laboratory test animals, companion animals and avian species as well as
non-mammalian animals such as reptiles and amphibians. The assay has applications,

therefore, 1n human, livestock, veterinary and wild life therapy and diagnosis.

In a preferred embodiment, the sample is whole blood which is collected in collection

tubes containing the antigen or to which the antigen is added. Generally, blood is
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maintained in the presence of heparin. Heparin may be in the tube when blood 1s added or
is added subsequently. The use of blood collection tubes is compatible with standard
automated laboratory systems and these are amenable to analysis in large-scale and
random access sampling. Blood collection tubes also minimize handling costs and reduces
laboratory exposure to whole blood and plasma and, hence, reduces the risk of laboratory
personnel from contracting a pathogenic agent such as human immunodeficiency virus
HIV or hepatitis B virus (HBV). Furthermore, use of the collection tubes to conduct the
incubation renders the assay far more sensitive than the previously used 24 well culture

well plates.

The present invention provides an enhanced CMI assay, therefore, comprising use of a
collection tube, optionally a simple sugar such as dextrose and the incubation step. The

incubation step is preferably from 5 to 50 hours.

The immune effector molecule is preferably a cytokine such as but not limited to IFN-y.

The presence or level of immune effector may be determined at the level of the molecule

itself or to the extent to which a gene 1s expressed.

The present invention further provides Kkits comprising reagents and compartments

required to perform the assay. Generally, the kit further comprises a set of instructions.

The assay may also be automated or semi-automated and the automated aspects may be

controlled by computer software.

The present invention still further contemplates a method of treatment of a patholo gical
condition such as infection by a microorganism, parasite or virus, an autoimmune
condition or cancer. The method comprises assessing the capacity of a subject to mount a
cell-mediated immune response and then selecting a therapeutic protocol such as inducing

CMI against a target antigen alone or in combination with other therapy.
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cell-mediated immunity

colony stimulating factor

—t
?

1IMMMUNOSor

bent assay

enzyme linked

le cell ELISA

sing

granulocyte-CSF

granulocyte, macrophage-CSF

hepatitis B virus

1eNCy Virus

human immunodefic

interferon-gamma

rivative

Mycobacterium-tuberculosis purified protein de

tumor necrosis factor

S
ELISA
ELISpot

G-CSF
GM-CSF

IFN-y

TNF-o
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a diagrammatic representation of a system used to carry out the mstructions

encoded by the storage medium.

Figure 2 is a diagrammatic representation of a cross-section of a magnetic storage

medium.

Figure 3 is a diagrammatic representation of a cross-section of an optically readable data
10 storage system. :
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an assay of the potential or capacity of a subject to mount a
CMI response. The assay is based on measuring immune effector molecule production by
cells of the immune system in response to antigenic stimulation. The mmmune effectors
may be detected using ligands such as antibodies specific for the effectors or by measuring
the level of expression of genes encoding the effectors. The present invention provides,
therefore, a means to determine the responsiveness of CMI in a subject aﬁd, In turn,

provides a means for the diagnosis of infectious diseases, pathological conditions, level of

- immunocompetence and a marker of T-cell responsiveness to endogenous or exogenous

antigens.

Accordingly, one aspect of the present invention contemplates a method for measuring a
CMI response in a subject, said method comprising collecting a sample from said subject
wherein said sample comprises cells of the immune system which are capable of producing
immune effector molecules following stimulation by an antigen, incubating said sample
with an antigen and then measuring the presence of or elevation in the level of an immune
effector molecule wherein the presence or level of said immune effector molecu]e 1S

indicative of the capacity of said subject to mount a cell-mediated immune response.

Reference to a “subject” includes a human or non-human species including primates,
livestock animals (e.g. sheep, cows, pigs, horses, donkey, goats), laboratory test animals
(e.g. mice, rats, rabbits, guinea pigs, hamsters), companion animals (e.g. dogs, cats), avian
species (e.g. poultry birds, aviary birds), reptiles and amphibians. The present invention
has applicability, therefore, in human medicine as well as having livestock and veterinary
and wild life applications. Most preferably, however, the subject 1s a human and the CMI
response assay has applications 1n screening for responsiveness to pathogenic
microorganisms, viruses and parasites, potential for development or monitoring

autoimmune conditions and for monitoring a subject’s response to oncological challenge.
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According to this preferred embodiment, therefore, the present imvention provides a
method for measuring a CMI response in a human subject, said method comprising
collecting a sample from said human subject wherein said sample comprises cells of the
immune system which are capable of producing immune effector molecules following
stimulation by an antigen, incubating said sample with an antigen and then measuring the
presence of or elevation in the level of an immune effector molecule wherein the presence
or level of said immune effector molecule is indicative of the capacity of said human

subject to mount a cell-mediated immune response.

Reference to “immune cells” includes cells such as lymphocytes including natural killer
(NK) cells, T-cells, (CD4+ and/or CD8" cells), B-cells, macrophages and monocytes,

dendritic cells or any other cell which is capable of producing an effector molecule in
response to direct or indirect antigen stimulation. Conveniently, the immune cells are

lymphocytes and more particularly T-lymphocytes.

The immune effector molecules may be any of a range of molecules which are produced in

response to cell activation or stimulation by an antigen. Although an interferon (IFN) such
as IFN-y is a particularly useful immune effector molecule, others include a range of
cytokines such as interleukins (IL), e.g. IL-2, IL-4, IL-10 or IL-12, tumor necrosis factor
alpha (TNF-a), a colony stimulating factor (CSF) such as granulocyte (G)-CSF or

granulocyte macrophage (GM)-CSF amongst many others such as complement or

components 1n the complement pathway.

Accordingly, in another preferred embodiment, the present invention provides a method
for measuring a CMI response in a subject, said method comprising collecting a sample

from said:subject wherein said sample comprises cells of the immune system which are
capable of producing IFN-y molecules following stimulation by an antigen, incubating said
sample with an antigen and then measuring the presence of or elevation in the level of an
IFN-y molecule wherein the presence or level of said IFN-y molecule is indicative of the

capacity of said subject to mount a cell-mediated immune response.
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As far as the preferred embodiment extends to humans is concerned, the present invention
further provides a method for measuring a CMI response in a human subject, said method
{

comprising collecting a sample from said subject wherein said sample comprises cells of
the immune system which are capable of producing IFN-y molecules following stimulation
by an antigen, incubating said sample with an antigen and then measuring the presence or
elevation in level of an IFN-y molecule wherein the presence or level of said IFN-y

molecule is indicative of the capacity of said human subject to mount a cell-mediated

Immune response.

The sample collected from the subject is generally deposited into a blood collection tube.
A blood collection tube includes a blood draw tube or other similar vessel. Conveniently,
when the sample is whole blood, the blood collection tube is heparinized. Alternatively,
heparin is added to the tube after the blood is collected. Notwithstanding that whole blood
is the preferred and most convenient sample, the present invention extends to other
samples containing immune cells such as lymph fluid, cerebral fluid, tissue fluid and

respiratory fluid including nasal and pulmonary fluid.

The use of blood collection tubes is compatible with standard automated laboratory
systems and these are amenable to analysis in large-scale and random access sampling,
Blood collection tubes also minimize handling costs and reduce laboratory exposure to
whole blood and plasma and, hence, reduce the risk of laboratory personnel from

contracting a pathogenic agent such as HIV or hepatitis B virus (HBV).

Combining the incubation step with the collection tube is particularly etficacious and
enhances the sensitivity of the assay as does the optional feature of incubating the cells in

the presence of a sample sugar such as dextrose.

The cells of the CMI system lose the capacity to mount a CMI response in whole blood
after extended periods following blood draw from the subject, and responses without
intervention are often severely reduced or absent 24 hours following blood draw. The

reduction of labor and need for specialized plasticware allows CMI stimulation with
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antigens to be performed at the point of care locations such as physicians’ offices, clinics,

outpatient facilities and veterinary clinics or on farms. Once antigen stimulation 1s
complete, the requirement for fresh and active cells no longer exists. IFN-y and other

cytokines or immune effector molecules are stable in plasma and, thus, the sample can be
stored, or shiﬁped without special conditions or rapid time requirements in a similar
fashion to standard serum samples used for other infectious disease or other disease

diagnosis.

The incubation step may be from 5 to 50 hours, more preferably 5 to 40 hours and even

more preferably 8 to 24 hours or a time period in between.

Accordingly, another preferred embodiment of the present invention contemplates a
method for measuring a CMI response in a subject including a human subject, said method
comprising collecting a sample of whole blood from said subject, incubating said whole

blood sample with an antigen and then measuring the presence or elevation in level of an
immune effector molecule such as IFN-y wherein the presence or level of said immune

effector molecule is indicative of the capacity of said subject to mount a cell-mediated

Immune response.

In one preferred embodiment, the incubation step is conducted in the presence of a simple

sugar such as dextrose.

The ability to measure CMI i1s important for assessing a subject’s ability to respond to an
infection by an pathogenic agent such as a microorganism or virus or parasite, to mount an
autoimmune response such as in diabetes or to protect against cancers or other oncological
conditions. Consequently, reference to “measuring a CMI response in a subject” includes
an encompasses immune diagnosis of infectious and autoimmune diseases, a marker for
immunocompetence and the detection of T-cell responses to endogenous and/or exogenous

antigens (including a measure of the efficacy of a vaccine) as well as a marker for

inflammatory diseases and cancer.
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Autoimmune diseases contemplated herein include inter alia Alopecia Areata, Ankylosing
Spondylitis, Antiphospholipid Syndrome, Autoimmune Addison's Disease Multiple
Sclerosis, Autoimmune disease of the adrenal gland, Autoimmune Hemolytic Anemia,
Autoimmune Hepatitis, Autoimmune oophoritis and orchitis, Behcet's Disease, Bullous
Pemphigoid, Cardiomyopathy, Celiac Sprue-Dermatitis, Chronic Fatigue Syndrome
(CFIDS), Chronic Inflam. Demyelinating, Chronic Inflam. Polyneuropathy, Churg-Strauss
Syndrome, Cicatricial Pemphigoid, CREST Syndrome, Cold Agglutinin Disease, Crohn's
Disease, Dermatitis herpetiformis, Discoid Lupus, Essential Mixed Cryoglobulinemia,
Fibromyalgia, Glomerulonephritis, Grave's Disease, Guillain-Barre, Hashimoto's
Thyroiditis, Idiopathic Pulmonary Fibrosis, Idiopathic Thrombocytopenia Purpura (ITP),
IgA Nephropathy Insulin Dependent Diabetes (Type I), Lichen Planus, Lupus, Meniere's
Disease, iMixed Connective Tissue Disease, Multiple sclerosis, Myasthenia Gravis,
Myocarditis, Pemphigus Vulgaris, Pernicious Anemia, Polyarteritis Nodosa,
Polychondritis, Polyglancular Syndromes, Polymyalgia Rheumatica, Polymyositis and
Dermatomyositis, Primary Agammaglobulinemia, Primary Biliary Cirrhosis, Psoriasis;
Raynaud's Phenomenon, Reiter's Syndrome, Rheumatic Fever, Rheumatoid Arthritis,
Sarcoidosis, Scleroderma, Sjogren's Syndrome, Stiff-Man Syndrome, Systemic lupus
erythematosus, Takayasu Arteritis, Temporal Arteritis/Giant Cell Arteritis, Ulcerative
Colitis, Uveitis, Vasculitis and Vitiligo.

It is generally important to assess the potential or actual CMI responsiveness in these

individuals.
Other disease conditions contemplated include inflammatory disease conditions.

Examples of inflammatory disease conditions contemplated by the present invention
include but are not limited to those disease and disorders which result in a response of
redness, swelling, pain, and a feeling of heat in certain areas that 1s meant to protect tissues
affected by injury or disease. Inflammatory diseases which can be treated using the
methods of the present invention, include, without being limited to, acne, angina, arthritis,

aspiration pneumonia, disease, empyema, gastroenteritis, inflammation, mtestinal flu,
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NEC, necrotizing enterocolitis, pelvic inflammatory disease, pharyngitis, PID, pleurisy,
raw throat, redness, rubor, sore throat, stomach flu and urinary tract infections, Chronic
Inflammatory Demyelinating Polyneuropathy, Chronic Inflammatory Demyelinating
Polyradiculoneuropathy, Chronic Inflammatory Demyelinating Polyneuropathy, Chronic
Inflammatory Demyelinating Polyradiculoneuropathy.

Cancer therapy also is somewhat dependent on CMIL Cancers contemplated herein
include: a group of diseases and disorders that are characterized by uncontrolled cellular
erowth (e.g. formation of tumor) without any differentiation of those cells into specialized
and different cells. Such diseases and disorders include ABL1 protooncogene, AIDS
Related Cancers, Acoustic Neuroma, Acute Lymphocytic Leukaemia, Acute Myeloid
Leukaemia, Adenocystic carcinoma, Adrenocortical Cancer, Agnogenic myeloid
metaplasia, Alopecia, Alveolar sofi-part sarcoma, Anal cancer, Angiosarcoma, Aplastic
Anaemia, Astrocytoma, Ataxia-telangiectasia, Basal Cell Carcinoma (Skin), Bladder
Cancer, Bone Cancers, Bowel cancer, Brain Stem Glioma, Bramm and CNS Tumours,
Breast Cancer, CNS tumours, Carcinoid Tumours, Cervical Cancer, Childhood Brain
Tumours, Childhood Cancer, Childhood Leukaemia, Childhood Soft Tissue Sarcoma,
Chondrosarcoma, Choriocarcinoma, Chronic Lymphocytic Leukaemia, Chronic Myeloid
Leukaemia, Colorectal Cancers, Cutaneous T-Cell Lymphoma, Dermatofibrosarcoma-
protuberans, Desmoplastic-Small-Round-Cell-Tumour, Ductal Carcinoma, Endocrine
Cancers, Endometrial Cancer, Ependymoma, Esophageal Cancer, Ewing’s Sarcoma, Extra-
Hepatic Bile Duct Cancer, Eye Cancer, Eye: Melanoma, Retinoblastoma, Fallopian Tube
cancer, Fanconi Anaemia, Fibrosarcoma, (Gall Bladder Cancer, Gastric Cancer,
Gastrointestinal Cancers, Gastrointestinal-Carcinoid-Tumour, Genitourinary Cancers,
Germ Cell Tumours, Gestational-Trophoblastic-Disease, Glioma, Gynaecological Cancers,
Haematological Malignancies, Hairy Cell Leukaemia, Head and Neck Cancer,
Hepatocellular Cancer, Hereditary Breast Cancer, Histiocytosis, Hodgkin’s Disease,
Human Papillomavirus, Hydatidiform mole, Hypercalcemia, Hypopharynx Cancer,
IntraOcular Melanoma, Islet cell cancer, Kaposi’s sarcoma, Kidney Cancer, Langerhan’s-
Cell-Histiocytosis, Laryngeal Cancer, Leiomyosarcoma, Leukaemia, Li-Fraumeni

Syndrome, Lip Cancer, Liposarcoma, Liver Cancer, Lung Cancer, Lymphedema,
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Lymphoma, Hodgkin’s Lympﬁoma, Non-Hodgkin’s Lymphoma, Male Breast Cancer,
Malignant-Rhabdoid-Tumour-of-Kidney, Medulloblastoma, Melanoma, Merkel Cell
Cancer, Mesothelioma, Metastatic Cancer, Mouth Cancer, Multiple Endocrine Neoplasia,
Mycosis Fungoides, Myelodysplastic Syndromes, Myeloma, Myeloproliferative Disorders,
Nasal = Cancer,  Nasopharyngeal @ Cancer, @ Nephroblastoma,  Neuroblastoma,
Neurofibromatosis, Nijmegen Breakage Syndrome, Non-Melanoma Skin Cancer, Non-
Small-Cell-Lung-Cancer-(NSCLC), Ocular Cancers, Oesophageal Cancer, Oral cavity
Cancer, Oropharynx Cancer, Osteosarcoma, Ostomy Ovarian Cancer, Pancreas Cancer,
Paranasal Cancer, Parathyroid Cancer, Paro;cid Gland Cancer, Penile Cancer, Peripheral-
Neuroectodermal-Tumours, Pituitary Cancer, Polycythemia vera, Prostate Cancer, Rare-
cancers-and-associated-disorders, Renal Cell Carcinoma, Retinoblastoma,
Rhabdomyosarcoma, Rothmund-Thomson Syndrome, Salivary Gland Cancer, Sarcoma,
Schwannoma, Sezary syndrome, Skin Cancer, Small Cell Lung Cancer (SCLC), Small
Intestine Cancer, Soft Tissue Sarcoma, Spinal Cord Tumours, Squamous-Cell-Carcinoma-
(skin), Stomach Cancer, Synovial sarcoma, Testicular Cancer, Thymus Cancer, Thyroid
Cancer, Transitional-Cell-Cancer-(bladder),  Transitional-Cell-Cancer-(renal-pelvis-/-
ureter), Trophoblastic Cancer, Urethral Cancer, Urinary System Cancer, Uroplakins,
Uterine sarcoma, Uterus Cancer, Vaginal Cancer, Vulva Cancer, Waldenstrom’s-

Macroglobulinemia, Wilms’ Tumour.

Any of a range of antigens may be tested such as those specific for a particular organism,
virus, autoantigen or cancer cell. Alternatively, more general agents may be used to test
generic capacity of a cell-mediated immune response. Examples of the latter include PPD
from M. tuberculosis and tetanus toxoid. In general, however, any peptide, polypeptide or
protein, carbohydrate, glycoprotein, phospholipid, phosphoprotein or phospholipoprotein

or non-protein chemical agent may be used in the assay system.

As stated above, detection of the immune effector molecules may be made at the protein or

nucleic acid levels. Consequently, reference to “presence or level of said immune effector
molecule” includes direct and indirect data. For example, high levels of IFN-y mRNA is

indirect data showing increased levels of IFN-y.
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Ligands to the immune effectors are particularly useful in detecting and/or quantitating
these molecules. Antibodies to the immune effectors are particularly useful. Techniques for
the assays contemplated herein are known in the art and include, for example, sandwich
assays, ELISA and ELISpot. Reference to “antibodies” includes parts of antibodies,
mammalianized (e.g. humanized) antibodies, recombinant or synthetic antibodies and

hybrid and single chain antibodies.

Both polyclonal and monoclonal antibodies are obtainable by immunization with the

immune effectors or antigenic fragments thereof and either type is utilizable for

1mmunoassays. The methods of obtaining both types of sera are well known in the art.

Polyclonal sera are less preferred but are relatively easily prepared by injection of a
suitable laboratory animal with an effective amount of the immune effector, or antigenic
part thereof, collecting serum from the animal and isolating specific sera by any of the
known immunoadsorbent techniques. Although antibodies produced by this method are
utilizable 1n virtually any type of immunoassay, they are generally less favoured because

of the potential heterogeneity of the product.

The use of monoclonal antibodies in an immunoassay is particularly preferred because of
the ability to produce them in large quantities and the homogeneity of the product. The
preparation of hybridoma cell lines for monoclonal antibody production derived by fusing
an 1immortal cell line and lymphocytes sensitized against the immunogenic preparation can

be done by techniques which are well known to those who are skilled in the art.

Another aspect of the present invention contemplates, therefore, a method for detecting an
immune effector in a sample comprising immune cells from a subject, said method
comprising contacting said sample or an aliquot of said sample with an antibody specific
for said immune effector or antigenic fragment thereof for a time and under conditions

sufficient for an antibody-effector complex to form, and then detecting said complex.
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A sample includes whole blood. This method includes micro-arrays and macro-arrays on

planar or spherical solid supports. A micro- or macro-array is useful.

A wide range of immunoassay techniques are available as can be seen by reference to U.S.
Patent Nos. 4,016,043, 4,424,279 and 4,018,653.

The fé)llowing is a description of one type of assay. An unlabeled antibody is immobilized
on a solid substrate and the sample to be tested for the immune effectors (e.g. antigens)
brought into contact with the bound molecule. After a suitable period of incubation, for a
period of time sufficient to allow formation of an antibody-antigen complex, a second
antibody specific to the antigen, labeled with a reporter molecule capable of producing a
detectable signal, is then added and incubated, allowing time sufficient for the formation of
another complex of antibody-antigen-labeled antibody. Any unreacted material is washed
away, and the presence of the antigen is determined by observation of a signal produced by
the reporter molecule. The results may either be qualitative, by simple observation of the
visible signal, or may be quantitated by comparing with a control sample containing
known amounts of antigen. This generalized technique is well known to those skilled in the

art as would be any of a number of variations.

In these assays, a first antibody having specificity for the instant immune effectors is either
covalently or passively bound to a solid surface. The solid surface is typically glass or a
polymer, the most commonly used polymers being cellulose, polyacrylamide, nylon,
polystyrene, polyvinyl chloride or polypropylene. The solid supports may be in the form of
tubes, beads, spheres, discs of microplates, or any other surface suitable for conducting an
immunoassay. The binding processes are well known in the art and generally consist of
cross-lmking covalently binding or physically adsorbing, the polymer-antibody complex is
washed in preparation for the test sample. An aliquot of the sample to be tested is then
added to the solid phase complex and incubated for a period of time sufficient (e. g. 2-120
minutes or where more convenient, overnight) and under suitable conditions (e.g. for about
20°C to about 40°C) to allow binding of any subunit present in the antibody. Following the

incubation period, the antibody subunit solid phase is washed and dried and incubated with
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a second antibody specific for a portion of the antigen. The second antibody is linked to a
reporter molecule which is used to indicate the binding of the second antibody to the

hapten. |

There are many variations to this assay. One particularly useful variation is a simultaneous

assay where all or many of the components are admixed substantially simultaneously.

By “reporter molecule” as used in the present specification, is meant a molecule which, by
its chemical nature, provides an analytically identifiable signal which allows the detection
of antigen-bound antibody. Detection may be either qualitative or quantitative. The most
commonly used reporter molecules in this type of assay are either enzymes, fluorophores
or radionuclide containing molecules (i.e. radioisotopes) and chemiluminescent molecules.
Examples of suitable fluorophores are provided in Table 2. In the case of an enzyme
Immunoassay, an enzyme is conjugated to the second antibody, generally by means of
glutaraldehyde or periodate. As will be readily recognized, however, a wide variety of
different conjugation techniques exist, which are readily available to the skilled artisan.
Commonly used enzymes include horseradish peroxidase, glucose oxidase, beta-
galactosidase and alkaline phosphatase, amongst others. The substrates to be used with the
specific enzymes are generaﬂy chosen for the production, upon hydrolysis by the
corresponding enzyme, of a detectable colour change. Examples of suitable enzymes
include alkaline phosphatase and peroxidase. It is also possible to employ fluorogenic
substrates, which yield a fluorescent product rather than the chromogenic substrates noted
above. In all cases, the enzyme-labeled antibody is added to the first antibody-antigen
complex, allowed to bind, and then the excess reagent is washed away. A solution
containing the appropriate substrate is then added to the complex of antibody-antigen-
antibody. The substrate will react with the enzyme linked to the second antibody, giving a
qualitative visual signal, which may be further quantitated, usually spectrophotometrically,
to give an indication of the amount of antigen which was present in the sample. Again, the

present invention extends to a substantially simultaneous assay.
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Alternately, fluorescent compounds, such as fluorescein and rhodamine, may be
chemically coupled to antibodies without altering their binding capacity. When activated
by 1llumination with light of a particular wavelength, the fluorochrome-labeled antibody
adsorbs the light energy, inducing a state to excitability in the molecule, followed by
emission of the light at a characteristic colour visually detectable with a light MmICroscope.
The fluorescent labeled antibody is allowed to bind to the first antibody-antigen complex.
After washing off the unbound reagent, the remaining tertiary complex is then exposed to
the light of the appropriate wavelength the fluorescence observed indicates the presence of
the antigen of interest. Immunofluorescene and EIA techniques are both very well
established in the art and are particularly preferred for the present method. However, other
reporter molecules, such as radioisotope, chemiluminescent or bioluminescent molecules,

may also be employed.

There are a range of other detection systems which may be employed including colloidal

gold and all such detection systems are encompassed by the present invention.

The present invention also contemplates genetic assays such as involving PCR analysis to

detect RNA expression products of a genetic sequence encoding an immune effector.

In one embodiment, PCR is conducted using pairs of primers, one or both of which are
generally labeled with the same or a different reporter molecule capable of giving a
distinguishable signal. The use of fluorophores is particularly useful in the practice of the
present invention. Examples of suitable fluorophores may be selected from the list given in
Table 2. Other labels include luminescence and phosphorescence as well as infrared dyes.

These dyes or fluorophores may also be used as reporter molecules for antibodies.
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TABLE 2  List of suitable fluorophores
| ; -i PR Reactlve and conJ_gated probes ) ___ m
Hydroxycoumarm 3 325 386 |
Aminocoumarin ) 350 455
| Methoxycoumann 360 410 B
Cascade Blue | 375,400 423
" Lucifer Yellow B 425 528
NBD 466 539
R-Phycoerythrin (PE) ~ 480; 565 578 -1
PE-CyS5 conjugates 480, 565; 650 ) 670
PE-Cy7 conjugates 480; 565; 743 767
APC-Cy7 conjugates 650; 755 | 767
Red 613 480; 565 613 o
Fluorescein e 495 | 519
FluorX 494 520 |
BODIPY-FL | 503 512 o
~ TRITC | 547 | 574
X-Rhodamine | 570 576
Lissamine Rhodamine B | 570 | 390
PerCP 490 675
Texas Red 589 | 615
Allophycocyanin (APC) 650 | 660
B TruRed o 490, 675 | 695
Alexa Fluor 350 346 445
| Alexa Fluor 430 430 345
Alexa Fluor 488 494 517 |
AlexaFluor 532 | | 530 555 |
__ Alexa Fluor 546 | 556 573
 AlexaFluor 555 . 556 573
Alexa Fluor 568 578 603
Alexa Fluor 594 B 290 617
. AlexaFluor 633 621 | 639 -
~ AlexaFluor 647 650 ] 688
~_Alexa Fluor 660 663 | 690
~_Alexa Fluor 680 679 | 702 3
Alexa Fluor 700 696 719 B
~ Alexa Fluor 750 752 779 __ o
Cy2 489 } 506 }
- Cy3 ] (512); 550 B 570; (615) -
L Cy3,5 | 581 il 596, (640)
CyS o (625), 650 ) 670
- Cy5,5 e 075 094 B
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Any suitable method of analyzing fluorescence emission is encompassed by the present
invention. In this regard, the invention contemplates techniques including but not restricted
to 2-photon and 3-photon time resolved fluorescence spectroscopy as, for example,
disclosed by Lakowicz et al., Biophys. J. 72: 567, 1997, fluorescence lifetime imaging as,
for example, disclosed by Eriksson et al., Biophys. J. 2: 64, 1993 and fluorescence
resonance energy transfer as, for example, disclosed by Youvan et al., Biotechnology et

elia 3: 1-18, 1997.

Luminescence and phosphorescence may result respectively from a suitable luminescent or
phosphorescent label as is known in the art. Any optical means of identifying such label

may be used in this regard.

Infrared radiation may result from a suitable infrared dye. Exemplary infrared dyes that
may be employed in the invention include but are not limited to those disclosed in Lewis et
al., Dyes Pigm. 42(2): 197, 1999, Tawa et al, Mater. Res. Soc. Symp. Proc. 488
[Electrical, Optical and Magnetic Properties of Organic Solid-State Materials 1V ], 885-
890, Daneshvar et al., J. Immunol. Methods 226(1-2): 119-128, 1999, Rapaport et al.,
Appl. Phys. Lett. 74(3): 329-331, 1999 and Durig et al., J. Raman Spectrosc. 24(5): 281-
285, 1993. Any suitéble infrared spectroscopic method may be employed to interrogate the

infrared dye. For instance, fourier transform infrared spectroscopy as, for example,

described by Rahman et al., J. Org. Chem. 63: 6196, 1998 may be used in this regard.
Suitably, electromagnetic scattering may result from diffraction, reflection, polarization or
refraction of the incident electromagnetic radiation including light and X-rays. Such

scattering can be used to quantitate the level of mRINA or level of protein.

Flow cytometry is particularly useful in analyzing fluorophore emission.

i
As is known in the art, flow cytometry is a high throughput technique which involves
rapidly analyzing the physical and chemical characteristics of particles (e.g. labeled

mRNA, DNA or proteins) as they pass through the path of one or more laser beams while
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suspended 1n a fluid stream. As each particle intercepts the laser beam, the scattered light
and fluorescent light emitted by each cell or particle is detected and recorded using any

suitable tracking algorithm as, for example, described hereunder.

A modern flow cytometer is able to perform these tasks up to 100,000 cells/particles s™

Through the use of an optical array of filters and dichroic mirrors, different wavelengths of
fluorescent light can be separated and simultaneously detected. In addition, a number of
lasers with different excitation wavelengths may be used. Hence, a variety of fluorophores
can be used to target and examine, for example, different immune effectors within a

sample or immune effectors from multiple subjects.

Suitable flow cytometers which may be used in the methods of the present invention
include those which measure five to nine optical parameters (see Table 3) using a single
excitation laser, commonly an argon ion air-cooled laser operating at 15 mW on its 488 nm
spectral line. More advanced flow cytometers are capable of using multiple excitation

lasers such as a HeNe laser (633 nm) or a HeCd laser (325 nm) in addition to the argon ion
laser (488 or 514 nm).

TABLE 3  Exemplary optical parameters which may be measured by a flow cytometer.

Pal‘ameter R Acronynr Detectlon angle form Wavelength

R o e e [ S ¢ incident las er beam' (nm)
Forward scattered hght FS I .’_Z__ -5° | 488"

. Side scattered light ] ~SS L B 90° | 488
“Green” ﬂuorescence ___FL1 %0 | 510-5407
“Yellow” ﬂuorescence | FL2 | 9%0° | 560-580

| “Red” ﬂuorescence _FL3 ] 90° | >650

using a 488 nm excitation laser

T width of bandpass filter

longpass filter
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For example, Biggs et al., Cytometry 36: 36-45, 1999 have constructed an 11-parameter
flow cytometer using three excitation lasers and have demonstrated the use of nine
distinguishable fluorophores in addition to forward and side scatter measurements for
purposes of immunophenotyping (i.e. classifying) particles. The maximum number of
parameters commercially available currently is 17: forward scatter, side scatter and three
excitation lasers each with five fluorescence detectors. Whether all of the parameters can
be adequately used depends heavily on the extinction coefficients, quantum yields and
amount of spectral overlap between all fluorophores (Malemed et al., “Flow cytometry and
sorting”, ond Ed., New York, Wiley-Liss, 1990). However, it will be understood that the
present invention is not restricted to any particular flow cytometer or any particular set of
parameters. In this regard, the invention also contemplates use in place of a conventional

flow cytometer, a microfabricated flow cytometer as, for example, disclosed by Fu et al.,

Nature Biotechnology 17: 1109-1111, 1999.
The assay of the present invention may be automated or semi-automated for high
throughput screening or for screening for a number of immune effectors from the one

subject. The automation is conveniently controlled by computer software.

The present mvention contemplates a computer program product, therefore, for assessing

the presence or absence or the level of one or more immune effectors, said product

comprising:-

(1) code that receives, as input values, the identity of a reporter molecule associated
with a labeled mRNA or antibody:

(2) code that compares said input values with reference values to determine the level
of reporter molecules and/or the identity of the molecule to which the reporter

molecule is attached; and

(3) a computer readable medium that stores the codes.
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Still another aspect of the present invention extends to a computer for assessing the

- presence or absence or level of one or more immune effectors, said computer comprises:-

(1)

(2)

(3)

(4)

a machine-readable data storage medium comprising a data storage material
encoded with machine-readable data, wherein said machine-readable data

comprise input values which identify a reporter molecule associated with a

labeled mRNA or antibody;

a working memory for storing instructions for processing said machine-readable

data;

a central-processing unit coupled to said working memory and to said machine-
readable data storage medium, for processing said machine readable data to
compare said values to provide an assessment of the identity or level of reporter

molecules or of molecules to which they are attached; and

an output hardware coupled to said central processing unit, for receiving the

results of the comparison.

A version of these embodiments is presented in Figure 1, which shows a system 10

including a computer 11 comprising a central processing unit (“CPU”) 20, a working

memory 22 which may be, e.g. RAM (random-access memory) or “core” memory, mass

storage memory 24 (such as one or more disk drives or CD-ROM drives), one or more

cathode-ray tube (“CRT”) display terminals 26, one or more keyboards 28, one or more

input lines 30, and one or more output lines 40, all of which are interconnected by a

conventional bidirectional system bus 50.

Input hardware 36, coupled to computer 11 by input lines 30, may be implemented in a

variety of ways. For example, machine-readable data of this mvention may be inputted via

the use of a modem or modems 32 connected by a telephone line or dedicated data line 34.

Alternatively or additionally, the input hardware 36 may comprise CD. Alternatively,
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ROM drives or disk drives 24 in conjunction with display terminal 26, keyboard 28 may

also be used as an input device.

Output hardware 46, coupled to computer 11 by output lines 40, may similarly be
implemented by conventional devices. By way of example, output hardware 46 may
include CRT display terminal 26 for displaying a synthetic polynucleotide sequence or a
synthetic polypeptide sequence as described herein. Output hardware might also include a
printer 42, so that hard copy output may be produced, or a disk drive 24, to store system

output for later use.

In operation, CPU 20 coordinates the use of the various input and output devices 36,46
coordinates data accesses from mass storage 24 and accesses to and from working memory
22, and determines the sequence of data processing steps. A number of programs may be
used to process the machine readable data of this invention. Exemplary programs may use,

for example, the following steps:-

(1) inputting input values which identifies a reporter molecule associated with a
labeled mRNA or antibody;
(2) assessing including comparing said input values with reference values to

determine the level of reporter molecule and/or the identity of the molecule to

which the reporter molecule is attached; and

(3) outputting the results of the assessment.

Figure 2 shows a cross section of a magnetic data storage medium 100 which can be
encoded with machine readable data, or set of instructions, for assessing the level of an
immune effector which can be carried out by a system such as system 10 of Figure 1.
Medium 100 can be a conventional floppy diskette or hard disk, having a suitable substrate
101, which may be conventional, and a suitable coating 102, which may be conventional,

on one or both sides, containing magnetic domains (not visible) whose polarity or
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orientation can be altered magnetically. Medium 100 may also have an opening for

receiving the spindle of a disk drive or other data storage device 24. The magnetic domains

of coating 102 of medium 100 are polarized or oriented so as to encode in manner which

may be conventional, machine readable data for execution by a system such as system 10

of Figure 1.

Figure 3 shows a cross section of an optically readable data storage medium 110 which
also can be encoded with such a machine-readable data, or set of instructions, for
designing a synthetic molecule of the invention, which can be carried out by a system such
as system 10 of Figure 1. Medium 110 can be a conventional compact disk read only
memory (CD-ROM) or a rewritable medium such as a magneto-optical disk, which is
optically readable and magneto-optically writable. Medium 100 preferably has a suitable
substrate 111, which may be conventional, and a suitable coating 112, which may be

conventional, usually of one side of substrate 111.

In the case of CD-ROM, as 1s well known, coating 112 1s reflective and 1s impressed with a
plurality of pits 113 to encode the machine-readable data. The arrangement of pits 1s read
by reflecting laser light off the surface of coating 112. A protective coating 114, which

preferably 1s substantially transparent, is provided on top of coating 112.

The present invention further contemplates a kit for assessing a subject’s capacity to mount
a cell mediated response. The kit 1s conveniently in compartmental form with one or more
compartments adapted to receive a sample from a subject such as whole blood. That
comparitment or another compartment may also be adapted to contain heparin where the
sample 1s whole blood with or without a simple sugar such as dextrose. The simple sugar

may aiso be maintained in a separate container.

Generally, the kit is in a form which is packaged for sale with a set of instructions. The
instructions would generally be in the form of a method for measuring a CMI response in a
subject, said method comprising collecting a sample from said subject wherein said sample

comprises cells of the immune system which are capable of producing immune effector
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molecules following stimulation by an antigen, incubating said sample with an antigen and
then measuring the presence or elevation in level of an immune effector molecule wherein
the presence or level of said immune effector molecule is indicative of the capacity of said

subject to mount a cell-mediated immune response.

The present invention further provides a method of treatment of a subject having a
pathogenic infection, an autoimmune disorder or cancer or a propensity for developing
such a disorder, said method comprising assessing the ability for said subject to mount a
cell mediated immune response by the method of measuring a CMI response in a subject,
said method comprising collecting a sample from said subject wherein said sample
comprises cells of the immune system which are capable of producing immune effector
molecules following stimulation by an antigen, incubating said sample with an antigen and
then measuring the presence of or elevation in the level of an immune effector molecule
wherein the presence or level of said immune effector molecule is indicatiye of the
capacity of said subject to mount a cell-mediated immune response and then selecting a

suitable therapeutic protocol.

The present invention is further described by the following non-limiting Examples.
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EXAMPLE 1
Development of Assay

Heparinized blood samples were collected from consenting volunteers or donors. Blood
samples were collected into Vacuette [registered trade mark] tubes (Greiner Bio-one,

Germany).

Ahquots of the blood samples were incubated with either Mycobacterium tuberculosis
purified protein derivative (PPD, Cellestis Limited, Australia), Tetanus toxoid (CSL
Limited, Australia), phytohemagglutinin (Cellestis Limited, Australia) or saline control in

a number of different sized blood collection tubes as well as the standard 24-well tissue
culture plates recommended by the manufacturers of the bovine whole blood IFN-y test

(Bovigam [registered trade mark], CSL Ltd.) or the human Quantiferon [registered trade
mark] test (Cellestis Limited, Australia).

In some experiments, dextrose was added at various concentrations to the blood before

initiation of incubation.

Antigen stimulated blood samples were incubated for 16 to 24 hours at 37°C, after which

plasma was harvested from above the settled blood cells. The amount of IFN-y present in

each plasma sample was then quantified using the Quantiferon-TB [registered trade]
ELISA (Cellestis Limited, Australia) as per the manufacturer’s instructions. Samples

stimulated with the tetanus toxoid antigen and the saline control were also tested using a
more sensitive ELISA for IFN-y (Quantiferon-CMI; Cellestis Limited, Australia) as per the

manufacturer’s mstructions.

ELISA optical density values for IFN-y standards run on each ELISA plate were used to

construct a standard curve from which the amount of IFN-y present in each of the test

plasma samples was converted to IU/mL values.
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EXAMPLE 2
Evaluating the effect of adding dextrose to blood before culture with antigen

Two blood samples were collected from volunteers and 8§ x 1 mL aliquots added to

individual wells of a 24-well tissue culture plate. The four antigens provided with the
Quantiferon-TB test, Saline control (Nil), M. tuberculosis PPD (Hu PPD), M. avium PPD
(Av PPD) and phytohemagglutinin (Mitogen), were added to duplicate wells containing
blood. To one set of the duplicate wells, dextrose was added to a final concentration of 2

mg/mL. The plates were shaken for 1 minute before incubation at 37°C for 20 hours in a

humidified atmosphere. Plasma samples were collected and the concentrations of IFN-y

were quantified using the Quantiferon-TB [registered trade] ELISA.

The data demonstrate that the addition of dextrose to the blood, prior to incubation with

antigen, resulted 1n an icrease (1.4 to 2.2 fold) in the production of IFN-y when stimulated
with either of the PPD antigens (Table 4). In contrast, there was no increase in IFN-y
detected with the addition of dextrose to blood stimulated with the saline negative control.
For blood samples stimulated with Mitogen, there was a slight increase in IFN-y detected

for one of the donors and a slight decrease for the other.

TABLE 4 Concentration of IFN-y in IU/mL found for each plasma sample. Blood had
been stimulated with antigen either with or without dextrose at a
concentration of 2 mg/mlL.

e Stlmulatlon antlgen . -

- HuPPD T AVPP Mltof" sen

Donor 1 -Dextrose gg 20 28.67
+Dextrose 142.25 2571
Fold increase with dextrose 148 40 0.90
Donor 2 -Dextrose _71.34 31.55 108.72
+Dextrose 134 47 67.62 122.76
Fold increase with dextrose 1.88 2.14 1.13
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EXAMPLE 3

Determining the effect of incubating blood with antigen in a blood collection

tube versus a 24-well tissue culture plate

Heparimzed blood from 15 Blood Bank donors was dispensed (1 mL aliquots) into both
24-well plates and Vacuette [registered trade mark] tubes containing 125 uL of HuPPD
solution as supplied with the Quantiferon-TB [registered trade] kit. The 24-well plates 1
were shaken for 1 minute and the capped Vacuette [registered trade mark] tubes mixed for
20 seconds by vortexing before incubation at 37°C for 20 hours in a humidified

atmosphere. The next day, plasma samples were collected from each incubation well and

tube and the relative amounts of IFN-y estimated using the Quantiferon-TB [registered
trade] ELISA.

Table 5 shows that for all blood samples there was an increase in the amount of IFN-y
detected for the samples that had been incubated in the blood collection tubes. This
increase ranged from 1.1 times to 16.3 times the amount of IFN-y produced in the 24-well
plate, with a mean increase of 4.7 times. Blood samples demonstrating smaller increases in

IFN-y production were generally those demonstrating very low levels of response to the

HuPPD.



1011

bated with

11CU

PCT/AU2003/001464

lture plate or a 2 mL blood collect

CA 02504829 2005-05-03
- 30 -
ther a 24-well tissue cu

111 €1

Amount of IFN-y detected from 1 mL blood samples

HuPPD

tube

TABLE 3

WO 2004/042396

wlos
e A
= . [ S O
- 2t anye o saanasass
. (LR OO,
(E R e e s
RN waaaaas e
N |

. .
da 3"
cedrranca
at -
cerare J.
. Vaa.

2

»:

incr

L
L

13.
1.
1.

16.
1.
1.1
1.
1.8

M . —
) .
L o
P »”-Lnuuw
e [SCLEN

. R CCTNN
-, L s
-~ . LSRN

.

. S v

o L. .
.

N A e

i
0.044

t
0.765

~

11

Co

EY

-

45t . .

2 Y BV R
errirs T
R I
R L

.
’

~-

v @
Y
.~
¢ e
o .: .
-

o

1

"
L)
A A
: L
pFtee .u....
PRV

3 (L
T e LU
f.."uf vw.f~ %
Ay ~$...$~:mu.v o te va.
P LY £ Y N “o.
e
R .
. Py .C A
o . i
: ' $330 asi
P B 22 A
v A K
vere .
R L R Y . PPN
. * , . S
- LL{Saaad “dede.
W G N T
T, aaatas .
SN .c . -~
- P .
-
o i P il
% we
. LI
s N

0.852
0.428
0.058
0.135
0.725
0.215
1.422
0.057
0.032
0.138
0.057
0.121
0.213

Noseepere
oo eed

20
...,i...a..u....s
)

.f;.....
Y .

\. .-. ,

rgrreere s
\ -

L4
A ‘

.
-
v
’
.

NN

-
~
.

-
.

¢ o

=

.o

-~

o

r’o

.~

con

-

.

.

0.025%

C

>

DY 3
. eepeed
- 2. .
¥ AN

oEmiEuite

.
. tmds
crarrrrray

Vore 2o 0.
e

,..,.
aangd e g
e e . w Yy .wvz

.\\vuv,.,v/ N, - m~ <L

0.034

0.084
1.196
0.030
0.087
0.032
0.029
0.037
0.036
0.067
0.292

Mean fold increase

F enasssassasanas s o0

. e oty
cerrrre e

worrrs v vle

Y
ceesrriesde san P
© remmes '
x )
s
g -
. eel oy %k
- PRI RN
. - . .
[ SEE CHPCTI
" JCR PR NN w
& W 5 y .
2R A e ree
Tt N S
: SRRV
Y on des esn vore ver ¢
‘ 3

> -
.'l
“
'V
r
t .
-
N -
.
N

\: Pe s
B S

Qaﬁm *

»N .....,..

. des "o -

o .
L v e
PICE N
. B . . .
LT . <
b
- .
~ -~
. v eSO )
o . >
. . o}
N ot . s O
B LR vm“...:. . eer
v drar a4 .
R T
te Cr el
e A4 S .

(ENNN S ¢ . PN
Jmmmmvw\ L

. 4.
Lae 41ty

RSN
T PSS A

.,,,,,
[ O
LR e e
N ereesd P
K \«\\.m“. .\“u“. .
e “ .aamazmw_

1 density @ 450/620 nm

1Ca

1

11

1
Opt

1
|




CA 02504829 2005-05-03
WO 2004/042396 | PCT/AU2003/001464

-31-

EXAMPLE 4

Effect of incubation of blood with antigens in blood collection tubes - 2
Twenty heparinized blood samples were collected from blood bank donors and 3 x 1 mL

aliquots were dispensed into individual wells of a 24-well tissue culture tray. To the

5 respective wells, 125 pL of Saline, HuPPD or Mitogen were added. After shaking, the
culture trays were incubated for 20 hours at 37°C in a humidified atmosphere, before

harvesting of plasma samplies.

One mL aliquots of blood were also added to duplicate Vacuette [registered trade mark]
10 tubes (Greiner Bio-one, Germany), which had previously had the same antigens as above

added. The capped tubes were then mixed for 20 seconds using a vortex mixer and

incubated for 20 hours at 37°C, before harvesting of plasma samples.

All plasma samples were tested for IFN-y content using the standard Quantiferon-TB
15 [registered trade mark] ELISA system. Threshold of detection was 2 IU/mL 1n this ELISA

system.

The data in Table 6 show that for blood samples stimulated with human PPD, there was an

'increase in IFN-y detected when the blood incubations had been performed in a blood
20 collection tube rather than the 24-well tissue culture plate. For 5 of the 20 donor blood
samples there was negligible response to the PPD antigen in either tissue culture plafe or
blood collection tube. For the remaining 15 blood samples, 12 demonstrated an increase in
IFN-y production with the in-tube incubation, one did not alter, and two showed a

decrease.

25 |
In contrast to the results for the protein antigen HuPPD, incubation of blood in the blood

collection tubes 1n the presehce of the mitogen phytohemagglutinin generally resulted in
lower levels of IFN-y production than seen for the same samples incubated in 24-well
plates. Such a difference may be expected due to the different mechanism of T-cell
30 stimulation induced by the directly acting mitogen as compared to the immune mechanism

stimulated by antigen/antigen presenting cell/T-cell interaction.
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Table 7 shows the ELISA optical density values (450/620 nm) for the saline control
samples from both the 24-well and in-tube incubations. The data show that there was no

increase 1n the negative control values when blood was incubated 1n the blood collection
tubes. Therefore, as there i1s an increase in the amount of IFN-y produced 1n response to
HuPPD and no increase in background IFN-y responses, the signal to noise ratio for the in-

tube incubation 1s significantly higher than that seen for the standard 24-well incubation
method.

TABLE 7  Background of IFN-y responses (OD @ 450/620 nm) from 1 mL blood

10 samples incubated with saline in either a 24-well tissue culture plate or a L

blood collection tube and tested using the Quantiferon-TB [registered trade

mark| ELISA
1 T 0.024 I 0.001 B
2 0.02 | -0.002
3 0.033 B 0.009
4 0.026 0.002
5 - 0.021 0.000 B
6 0.069 . . . 0.008
7 | 0024 | 0022 | 0023 0.023 | 0.002
3 0.023 | 0.025 0.039 0.032 -0.009
9 0.021 | 0.021 | 0.021 0.021 0.000
10 0.021 | 0.024 0.021 |  0.023 -0.002 B
11 0.022 0.026 | ND 0.026 -0.004
12 | 0.023 0.024 0.022 | 0.023 | 10.000 i
13 0.017 0.018 0.017 | 0.018 | -0.001
14 0.018 0.021 0.021 0.021 |  -0.003
|15 0.019 0.020 ND 0.020 |  -0.001 |
16 0017 | 0016 | 0.021 | 0.019 - -0002
17 0017 | 0015 | 0016 | 0.016 0.002 __
18 | 0.02 10.018 | 0.018 _4__0.01__8 ] 0.002 _
19 0.02 | 0.019 0021 0.020 0000
20 0.018 0020 | 0018 [ 0019 | -0.001
Mean OD ) for 24-well minus tube ___0.000
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EXAMPLE 5
Effect of incubation of blood with tetanus toxoid in blood collection tubes,

with and without dextrose

Twenty heparimized blood samples were collected from blood bank donors and 3 x 1 mL

aliquots were dispensed into individual wells of a 24-well tissue culture tray. To the
respective wells, 125 ulL of Saline, Tetanus toxoid, or Tetanus toxoid + dextrose were
added. After mixing, the culture trays were incubated for 20 hours at 37°C in a humidified

atmosphere, before harvesting of plasma samples.

One mL aliquots of blood were also added to duplicate Vacuette [registered trade mark]
tubes (Greiner Bio-one, Germany), which had previously had the same antigens as above

added. The capped tubes were then mixed for 20 seconds using a vortex mixer and

incubated for 20 hours at 37°C, before harvesting of plasma samples.

- Samples from blood that had been stimulated with the saline control, tetanus toxoid, and

tetanus toxoid with dextrose were tested using the sensitive Quantiferon-CMI ELISA
which has a threshold of detection of 0.05 IU/mL. The results demonstrate that an average
4.5-fold increase 1n the amount of IFN-y detected, above that for the saline control, was
found for blood that had been incubated with tetanus toxoid in the blood collection tubes,
as compared with the 24-well tissue culture tray (Table 8). Moreover, results from the

tubes containing tetanus toxoid and dextrose demonstrated a greater than 7.8-fold increase

in IFN-y production over the 24-well tray (Table 8).
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Amount of IFN-y detected (IU/mL) from 1 mL blood samples incubated

with tetanus toxoid with or without dextrose added in either a 24-well tissue

culture plate or a blood collection tube
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0.55

3.22

4.64

0.406

13.66

0.38

1034 |

7.50

7.50 |

13.84

~0.406

1.31 |

i

1.52

0.337

4.59
l 3.26

26.488

4,87

9.65

.13

0.074

28.69 |
|

L

0.015

1.28

1.08
4.68

12

0.843

1,703

’ 7.40
5.26

5.67

14.90

14

0.777

15

0.258

537

12.28 |

8.31

4.44

16

5.528

17

0.092

18

0.323

5.08

8.96

33.92

491

1.00

1.94

19

4.162

20

0.35

15.92

0.82

7.02

~3.587

0.43

1.53

Mean fold increase

4.51

7.84

Table 9 shows the amount of IFN-y detected (IU/mL) for the saline control samples from

both the 24-well and in-tube incubations when tested using the sensitive IFN-y ELISA. The

data shows that there was a slight decrease in the negative control values when blood was

incubated in the blood collection tubes. Therefore, as there is an increase in the amount of

IFN-y produced 1n response to tetanus toxoid and a slight decrease in background IFN-y

responses, the signal to noise ratio for the in-tube incubation is significantly higher than

that seen for the standard 24-well incubation method.
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TABLE 9  Background IFN-y responses (IU/mL) from 1 mL blood samples incubated
with saline in either a 24-well tissue culture plate or a blood collection tube
and tested using a sensitive IFN-y ELISA

Donor | - 24-well. | Tube A | TubeB |TubeMean | 24-well - Tube Mean

1 0.166 | 0.137 - 0.137 0.137 | 0.029

2 | 0.039 0.038 | 0.028 | 0.033 ~0.006
3 0.044 0.010 ~0.016 0.013 0031
4 | 0.030 0.025 0.028 0.027 0.004
5 - 0.029 0.024 | 0024 | 0.024 ~0.005
6 | 0571 0.539 0.568 0.554 | 0.018
7 0030 | 0029 | 002 | 0029 |  0.001
g 0.044 0.020 | 0.017 | 0.019 0.026
9 | 0.085 0.067 0.067 0.067 B 0.018
10 0.041 0.030 | 0.032 | 0.031 0010
11 0.026 0.030 ND 0.026 | 0.000 ,

12 0.024 0026 | 0.022 | 0024 | 0000

13 | 0043 | 0032 | 0032 0.032 0011

14 0.036 0.032 | 0.036 | 0.034 ~0.002

15 0.034 0030 | ND | 0.015 0019

16 |  0.045 0.034 | 0.038 0.036 | ~0.009
17 | 0.043 0034 | 0036 | 0035 | __ 0.008
18 0.038 | 0043 | 0.043 0.043 ~ -0.005

19 0.045 | 0.031 ~0.027 0.029 _0.016

20 0.074 0029 | 003 | 0033 |  0.042

____Mean OD for 24-well minus tube B 0.012

To test the effect of adding dextrose to the saline negative control blood incubation wells,
blood from 9 of the 20 donors was cultured with the saline control and with and without
dextrose in 24-well plates. The data show that there was no significant difference in

10 background levels of IFN-y detected when dextrose was added to the saline control
stimulated blood samples (Table 10).
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TABLE 10 Background IFN-y responses (OD @ 450/620 nM) from blood samples

incubated with saline in 24-well tissue culture plates with or without

dextrose and tested using a using a sensitive IFN-y ELISA
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EXAMPLE 6

Comparison of In-Tube vs Culture Plate Stimulation

The assay of the present invention quantifies IFN-y generated as a CMI response to the

stimulation of whole blood with test antigens. Stimulation of 1 mL volumes of blood with

a panel of negative control (Nil), positive control (Mitogen) and test antigens is performed

in a 24-well culture plate.

The "In-Tube" stimulation culture method is an alternate technology developed for use in

the assay system. This method employs the addition of either Nil, Mitogen or test

stimulation antigens to heparinized blood collection tubes for the purpose of initiating

blood stimulation immediately upon the drawing of a 1 mL blood sample. Dextrose is also

added to the tubes in order to enhance IFN-y response.

This experiment aimed to compare the two blood culture methods, the culture plate versus

the in-tube.
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Heparmized blood from patients diagnosed with Tuberculosis was stimulated in 24-well
culture plate (Corning - Costar) with Nil (negative control), Mitogen (phytohaemagluttinin;
positive control) and TB-specific antigens (overlapping peptides for ESAT-6, CFP-10 and
a 25 mer section of TB7.7). Blood was also collected into 3 blood collection tubes
> (Gremer) with the same Nil, PHA, and TB-specific antigens in the tubes, along with
heparin. The blood samples were incubated for 16 to 24 hours at 37°C before harvesting
plasma from above the settled blood cells. Plasma samples were tested to determine the
IFN-y concentration using ELISA and in some cases TB ELISA (if the specific antigen

response was >15 IU/mL).

10

The culture plate and in-tube results from 10 patents were compared. Nil values were
- subtracted from each of the TB-Specific Antigen responses. The patent's "Mitogen minus
Nil" result of "Specific Antigen minus Nil" result had to be >0.5 IU/mL for the data to be
considered valid (as per the product insert for TB ELISA). The results are shown in Table

15 11.

TABLE 11 Comparison of Culture Plate and Blood Collection Tube (In-Tube) whole

“blood stimulation

Subject |  Culture Plate Method In-Tube Method Culture | In-Tube | Fold
| Plate Change
of :
Specific
| antigen
(In~-Tube
| _ _ L . 1 _ __| vs Plate)
| Nil | Specific | Mitogen | Nil Specific | Mitogen Specific Specific
Antigens Antigens Antigens | Antigens
e o B B - Nil - Nil -
1 |0.18] 28290 12870 | 1.30 [ 42490 | 52.50 282.72 423.60___" 1.50
2 Jo10] 246 15.182* 029 | 755 | 415 | 236 727 [ 3.08
3 J012| 101 | 17.017* | 020 551 | 17.377* | 0.89 | 5231 599 |
4 10091 272 | 652 (008] 595 | 557 | 264 | 588 223
5 0.07 | 2.96 825 (006 389 | 231 289 | 383 1.32
6 007 504 | 19.76* |0.09 | 10.31 1177 | 498 | 1021 205 |
7 1030 | 134 | 19.868% | 046 | 414 | 21.063* [ 1.05 | 368 | 3.52
8 1.22 | 2.05 11.11 [0.61] 1.81 402 | 0.83 121 | 1.44
9 Jo0.09] 122 1466 | 016 217 | 1123 | 113 | 201 | 1.78 |
10 |01 ] 4.26 1265 062 927 | 17.05% 415 | 865 | 208
Mean | 2.50

20  *OD outside the range of the plate reader
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The data 1ndicate that an increased IFN-y response is obtained using the In-Tube system

compared to the current culture plate method (mean fold change = 2.50).

Those skilled 1n the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the imvention includes all such variations and modifications. The invention also
includés all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.
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CLAIMS

1. A method for measuring a CMI response in a subject, said method comprising

collecting a sample of whole blood from said subject wherein said sample comprises cells
of the immune system which are capable of producing immune effector molecules
following stimulation by an antigen, incubating said sample with an antigen in the
presence of a simple sugar and then méasuring the presence of or elevation in the level of
an immune effector molecule wherein the presence or level of said immune etfector

molecule is indicative of the capacity of said subject to mount a cell-mediated immune

response.

2. The method of Claim 1 wherein the subject is a human.

3. The method of Claim 1 or 2 wherein the simple sugar is dextrose.

4, The method of Claim 3 wherein the whole blood is collected in a tube comprising

antigen.

5. The method of Claim 3 wherein the whole blood is collected in a tube comprising

heparin.

6. The method of Claim 4 wherein the tube further comprises heparin.

7. The method of Claim 1 wherein the sample is incubated with the antigen for from
about 5 to about 50 hours.

8. The method of Claim 1 wherein the immune effector molecule is a cytokine.

9. The method of Claim 8 wherein the cytokine 1s IFN-y.

10.  The method of Claim 8 wherein the cytokine 1s GM-CWSF.

11.  The method of Claim 8 wherein the cytokine is an interleukin.

Amended Sheet
IPEA/AU
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12. The method of Claim 8 wherein the cytokine is a TNFa.

13. The method of Claim 1 or 2 wherein the subject is infected by a pathogenic agent.

14.  The method of Claim 13 wherein the pathogenic agent is HBV.

15.  The method of Claim 13 wherein the pathogenic agent is HIV.

16. The method of Claim 1 wherein the immune cells are selected from NK cells,

T-cells, B-cells, dendritic cells, macrophages or monocytes.

17. The method of Claim 16 wherein the immune cells are T-cells.

18.  The method of Claim 1 wherein the antigen is a peptide.

19.  The method of Claim 1 wherein the antigen is a polypeptide.

20.  The method of Claim 1 wherein the antigen is a protein.

21.  The method of Claim 1 wherein the antigen is a glycoprotein.

22.  The method of Claim 1 wherein the antigen is a carbohydrate.

23.  The method of Claim 1 wherein the antigen is selected from a phospholipid,
phosphoprotein and a phospholipoprotein.

24.  The method of Claim 1 wherein the antigen is a TB-specific antigen.

25.  The method of Claim 24 wherein the TB-specific antigen is an overlapping peptide
for ESAT-6.

Amended Sheet
IPEA/AU
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26.  The method of Claim 24 wherein the TB-specific antigen is an overlapping peptide
for CFP-10.

27.  The method of Claim 24 wherein the TB-specific antigen is an overlapping peptide
for TB7.

28.  The method of Claim 1 wherein the antigen is PPD from Mycobacterium

tuberculosis.

29.  The method of Claim 1 wherein the antigen is PPD from Mycobacterium avium.
30.  The method of Claim 1 wherein the antigen is phytohemagglutinin.
31.  The method of Claim 1 wherein the antigen is tetanus toxoid.

32. The method of Claim 1 wherein the immune effectors are detected with antibodies

specific for same.
33.  The method of Claim 32 wherein the immune effectors are detected using ELISA.
34.  The method of Claim 32 wherein the immune effectors are detected using ELISpot.

35. A method of treatment of a subject having a pathogenic infection, an autoimmune
disorder or cancer or a propensity for developing such a disorder, said method comprising
assessing the ability for said subject to mount a cell mediated immune response by the
method of measuring a CMI response in a subject, said method comprising collecting a
sample of whole blood from said subject wherein said sample comprises cells of the
immune system which are capable of producing immune effector molecules following
stimulation by an antigen, incubating said sample with an antigen in the presence of a
simple sugar and then measuring the presence of or elevation in the level of an immune

effector molecule wherein the presence or level of said immune effector molecule is

Amended Sheet
IPEA/AU
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indicative of the capacity of said subject to mount a cell-mediated immune response and

then selecting a suitable therapeutic protocol.
36.  The method of Claim 35 wherein the subject is a human.

37.  The method of Claim 35 or 36 wherein the sample 1s whole blood.

38.  The method of Claim 37 wherein the whole blood is collected in a tube comprising

antigen.

39.  The method of Claim 37 wherein the whole blood is collected in a tube comprising

heparin.
40.  The method of Claim 38 wherein the title further comprises heparin.

41.  The method of Claim 35 or 37 wherein the whole blood 1s incubated with antigen

for from about 5 to about 50 hours.

42.  The method of Claim 35 wherein the immune effector molecule is a cytokine.
43.  The method of Claim 42 wherein the cytokine 1s IFN-y.

44,  The method of Claim 42 wherein the cytokine 1s GM-CSF.

45.  The method of Claim 42 wherein the cytokine 1s an interleukin.

46.  The method of Claim 42 wherein the cytokine 1s a TNFa.

47, The method of Claim 35 wherein the immune cells are selected from NK cells,

T-cells, B-cells, dendritic cells, macrophages or monocytes.

48. The method of Claim47 wherein the immune cells are T-cells.

Amended Sheet
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49.  The method of Claim 35 wherein the antigen is selected from a peptide.

50.  The method of Claim 35 wherein the antigen is selected from a polypeptide.
51.  The method of Claim 35 wherein the antigen is selected from a protein.

52.  The method of Claim 35 wherein the antigen is selected from a glycoprotein.
53.  The method of Claim 35 wherein the antigen is selected from a carbohydrate.

54.  The method of Claim 35 wherein the antigen is selected from a phospholipid,
phosphoprotein and phospholipoprotein.

55.  The method of Claim 35 wherein the antigen is a TB-specific antigen.

56.  The method of Claim 55 wherein the TB-specific antigen is an overlapping peptide
tor ESAT-6.

57.  The method of Claim 55 wherein the TB-specific antigen is an overlapping peptide
tor CFP-10.

58.  The method of Claim 55 wherein the TB-specific antigen is an overlapping peptide
for TB7.

59.  The method of Claim 35 wherein the antigen is PPD from Mycobacterium

tuberculosis.

60.  The method of Claim 35 wherein the antigen is PPD for Mycobacterium avium.
61.  The method of Claim 35 wherein the antigen is phytohemagglutinin.

Amended Sheet
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62.  The method of Claim 35 wherein the antigen is tetanus toxoid.

63. The method of Claim 35 wherein the immune effectors are detected with antibodies

specific for same.
64.  The method of Claim 63 wherein the immune effectors are detected using ELISA.
65.  The method of Claim 64 wherein the immune effectors are detected using ELISpot.

66. A kit for measuring a CMI response in a subject said kit being in multicomponent
form wherein a first component comprises a multiplicity of blood collection tubes, a
second component comprises an antibody-based detection means for an immune effector

molecule and a third component comprises a set of instructions which instructions

comprise the following:

(1) collect blood in the blood collection tubes;

(11)  mix the tubes;

(111) incubate the tubes upright;

(iv)  centrifuge the tubes and collect the plasma; and

(v)  detect immune effector molecules in plasma.

Amended Sheet
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Figure 3
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