
WO 2007/147876PCT/EP2007/056219 METHOD FIELD OF THE
INVENTION The present invention relates to a
diagnostic method for the detection of MAGE-A3. The
invention 5further relates to immunotherapeutic
treatment of populations of patients suffering from
MAGE-A3 expressing tumours, in which patients having
MAGE-A3 expressing tumour tissue have been identified
using the diagnostic method described herein.
BACKGROUND 10 The MAGE (Melanoma antigen) family of
genes was originally identified due to the recognition
from cytolytic lymphocytes derived from blood
lymphocytes of cancer patients (Van der Bruggen et al
1991). The MAGE gene family now comprises over 20
members and is made up of MAGE A, B, C and D genes
(Scanlan et al., (2002) Immunol Rev. 188:22-32; Chomez
et al., (2001) Cancer Res. 61(14):5544-51). They are
clustered on chromosome X (Lucas et al., 1998 Cancer
Res.  15 58:743-752; Lucas et al., 1999 Cancer Res
59:4100-4103; Lucas et al., 2000 hit J Cancer
87:55-60; Lurquin et al., 1997 Genomics 46:397-408;
Muscatelli et al., 1995 Proc Nati Acad Sci USA
92:4987-4991; Pold et al., 1999 Genomics 59:161-167;
Rogner et al 1995 Genomics 29:725-731), and have a yet
undefined function (Ohman et at 2001 Exp Cell Res.
265(2):185-94). The MACE genes are highly homologous
and the members of the MAGE-A family, especially, have
between  '20 60-98% homology. MACE genes are not
expressed in all normal cells with the exception of
expression in spermatogonia and placenta (Haas et at
1988 Am J Reprod Immunol Microbiol 18:47-51; Takahashi
etal. 1995 Cancer Res 55:3478-382). The re-activation
of MAGE gene expression in cancer is due to abnormal
de-methylation of the 25promoter (De Smeet etal. 1996
Proc Natl Acad Sci USA 93(14):7149-53; De Smeet et al.
1999 Mol Cell Biol. 190 1):7327-35). The 12 MACE-A
genes are variably over-expressed in the following
cancers: transitional-cell carcinoma, oesophageal
carcinoma, melanoma, bladder and non-small cell lung
carcinoma (NSCLC) (Scanlan etal. 2002 Immunol Rev.
188:22-32). The over expression and specificity of
MAGE expression in cancerous tissues has led the
MAGE-A3 protein 30to be used as an antigen for cancer
vaccines (Scanlan et aL 2002 Immunol Rev. 188:22-32).
However, due to the wide range of expression found in
cancer patients, the level of expression of MAGE-A3
must be accurately estimated in each patient to direct
the vaccination towards patients expressing the
protein. MAGE-A3 is often referred to interchangeably
as MAGE-3; both are used herein. 35 Melanoma  WO
2007/147876PCT/EP20071056219 Patients presenting with
malignant melanoma in distant metastasis (stage IV
according to the American Joint Committee on Cancer
(AJCC) classification) have a median survival time of
one year, with a long-term survival rate of only 5%.
Even the standard chemotherapy for stage IV melanoma
has therapeutic response rates of only 8-25%, but with
no effect on overall survival. 5Patients with regional
metastases (stage III) have a median survival of two
to three years with,very low chance of long-term
survival, even after an adequate surgical control of
the primary and regional metastases (Balch et al.,
1992 Semin Surg Oncol. 8(6):400-14). Most patients
with stage I to III melanoma have their tumour removed
surgically, but these patients maintain a substantial
risk for relapse. Thus there remains a need to prevent
melanoma progression, and to have improved 10treatment
regimes for metastatic melanoma and adjuvant
treatments for patients having had a 



primary tumour removed. Lung cancer There are two
types of lung cancer: non-small cell lung cancer
(NSCLC) and small cell lung cancer 15(SCLC). The names
simply describe the type of cell found in the tumours.
NSCLC includes squamous-cell carcinoma,
adenocarcinoma, and large-cell carcinoma and accounts
for around 80% of lung cancers. NSCLC is hard to cure
and treatments available tend to have the aim of
prolonging life as far as possible and relieving
symptoms of disease. NSCLC is the most common type of
lung cancer and is associated with poor outcomes. Of
all NSCLC patients, about 25% have loco- 20regional
disease at the time of diagnosis and are still
amenable to surgical excision (stages IB, IIA or IIB
according to the AJCC classification). However, more
than 50% of these patients will relapse within the two
years following the complete surgical resection. There
is therefore a need to provide better treatment for
these patients. 25 MAGE-A3 expression Previously a
number of methods have attempted to measure the
expression of MAGE-A3 genes within both cell lines and
tumour samples. Semi-quantitative RT-PCR (De Plaen et
al. 1994 Immunogenetics 40(5):360-9), other PCR based
techniques and also low-density microarray have all
been used (Zammatteo et aL 2002 Clinical Chemistry
48(1) 25-34). However in many of these 30 studies a
major problem has been the very high homology between
the MAGE family members causing false positives. For
large Phase II and III trials a quantitative high
throughput assay, capable of specifically identifying
MAGE-A3-expressing samples and of reducing the
likelihood of samples falsely testing -positive, is
desirable. 35Another difficulty arises with the use of
Formalin-Fixed, Paraffin-Embedded (FFPE) tumour
tissue, which is the usual method of tumour tissue
preservation within clinical centres. The fixation in
formalin changes the structure of molecules of RNA
within the tissue, causing cross linking and  WO
2007/147876PCT1EP20071056219 also partial degradation.
The partial degradation leads to the creation of
smaller pieces of RNA of between 100-300 base pairs.
These structural changes to the RNA make it difficult
to use RNA extracted from FFPE tissue in conventional
diagnostic techniques. 5 Brief Description of the
Drawings Figure 1: Specificity of MAGE-A3 RT-PCR
TaqMan primers within the MAGE-A family members.
Figure 2: Specificity of Minor Groove Binding (MGB)
probe TaqMan RT-PCR for MAGE-A3 expression. 10 Figure
3: Specificity testing of MAGE-A3 primers in the
presence of MAGE-A3 and MAGE-6 plasmids. Figure 4:.
Tumour Expression of MAGE-A3 as measured by
quantitative TaqMan PCR. Figure 5: Test of MAGE-A3
expression. Figure 6a: Specificity of the MAGE-A3
primers designed for FFPE tissue use. 15Figure 6b:
Testing linearity of the primers over differential
amounts of RNA. 



Figure 7: Comparison between RNA later frozen assay
and the FFPE tissue PCR. Figure 8: Relative comparison
of the RNA later frozen and FFPE based MAGE-A3 assays
Figure 9. Nucleotide sequence encoding fusion protein
of Lipoprotein D fragment, Mage3 fragment, and
histidine tail, and its respective amino acid sequence
(SEQ ID NO: 35 and 36). 20 Figure 10: Fusion protein
of NS1-MAGE3, and Histidine tail (SEQ ID NO:37) Figure
11: DNA coding fusion protein NS1-MAGE3-His (SEQ ID
NO:38) Figure 12: Fusion protein of
CLYTA-MAGE3-Histidine (SEQ ID NO:39) Figure 13: DNA
for fusion protein CLYTA-MAGE3-His (SEQ ID NO:40)
Figure 14: Alignment of MAGE-A gene family sequences
for the design of RT-PCR primers and 25 probes for
MAGE-A3 Figure 15: Alignment of MAGE-A3 and MAGE-A6
sequences to identify regions containing target
sequences (boxed typeface) Figure 16: Classes for
Semi-quantitative MAGE-A3 RT-PCR: an example of how
five classes may be assigned to the semi-quantitative
MAGE-A3 RT-PCR assay 30 Figure 17: Graphical
Comparison of Ct values from MAGE-A Plasmids using 20,
2, 0.2 0.02 pg of DNA Figure 18: Graphical Comparison
of Delta Ct values Relative to MAGE-A3 for other
MAGE-A Plasmids using 20, 2, 0.2 0.02 pg of DNA
Figure 19: Linearity of FFPE Xenograft GERL RNA -2-
fold serial dilutions from 100 to 0.1 ng of 35 RNA
Input Figure 20: shows a graph with log (base 2) of
RNA input versus Delta Ct between MAGE-A3 and
(3-actin.  WO 20071147876PCT/EP20071056219 Description
of Tables and Sequences Table 1: Oligonucleotide
primers used for semi-quantitative MACE RT-PCR. Table
2: Oligonucleotide primers used for the TagMan
quantitative RT-PCR. 5 Table 3: Comparison of MAGE-A3
semi-quantitative PCR vs quantitative TaqMan PCR.
Table 4: Comparison of Ct and Delta Ct Values using
PCR mix 1 and PCR mix 2. Table 5: Oligonucleotide
primers used for MOB TaqMan quantitative RT-PCR from
frozen tissue Table 6: Classes for Semi-quantitative
MAGE-A3 RT-PCR: an example of how five classes may be
assigned to the semi-quantitative MAGE-A3 RT-PCR assay
(refers to Figure 16) 10 Table 7: COBASTm TaqMan
MAGE-A3 Primer and Probe Sequences Table 8: COBASTm
TaqMan beta-actin Primer and Probe Sequences Table 9:
COBASug TaqMan Sample & Control Valid CT range 



Table 10: COBASTm TaqMan Thermal cycling profile -
PCIL Thermal Profile forMAGE-A3 Exclusivity Experiment
15 Table 11: RT-PCR Thermal Profile for Linearity and
RT-PCR E (Limit of Detection), Method Correlation, and
Reproducibility Experiments Table 12: Ct values from
MACE-A Plasmids using 20, 2,112 0.02 pg of DNA Table
13: Delta Ct Values Relative to MAGE-A3 for other
MACE-A Nesmith using 20,2 0.2 0.02 pg of DNA 20 Table
14: MAGE-A3 Exclusivity Experiment Validation Tables
15 and Table 16: MAGE-A3 Exclusivity Experiment
Details 25Tables 20, 21 and 22: Linearity /
.!!y717:,.......................Amplification
Efficiency of MAQE-A3 and f3-actin Table......
.19I,.144qopmi..,.....
Experiment  Details
talito.:23isnAMA3E-Cfaititatels.4t#24VfotEach
Condition Table 24: MAGE-A3 Ct Hit Rate Percentage, N
= 24 for Each Condition Table 25:13-actin Ct Hit Rate,
N = 24 for Each Condition Table 26: 13-actin Ct Hit
Rate Percentage, N = 24 for Each Condition 30 Table
27: MACE Gene FAM Control Cts Table 28:13-actin HEX
Control Cts Table 29; Table 30; and Table 31: Limit of
Detection Experiment Details Table 32: Cross
Validation Summary of Samples    Table 33: COBAS and
prototype Tests Positive and Negative by Comparator
Percent Agreement 35 Table 34: COBAS and prototype
Tests Positive and Negative by Comparator Percent
Agreement with frozen Test to Resolve Discordant
Results Table 35: Experiment Control MACE Gene Cts  WO
2007/147876PCT/EP2007/056219 Table 36: Experiment
Control 13-actin Gene Cts Tables 37, 38 and 39: Method
Correlation / Cross Validation Experiment Details
Table 40: Run 1 - MAGE-A3 Expression Threshold from
GERL RNA Controls Table 41: Run 1 - MAGE-A3 Expression
Call for Reproducibility Specimens 5 Table 42: Run 2 -
MAGE-A3 Expression Threshold from GERL RNA Controls
Table 43: Run 2 - MAGE-A3 Expression Call for
Reproducibility Specimens Table 44: Reproducibility
Validation Tables 45, 46 and 47: Reproducibility
Experiment Details 10 SEQ ID NO:1 - MAGE3-E2F (primer
for semi-quantitative MAGE3 assay) (Table 1) 



SEQ ID NO:2 - MAGE3-E3R (primer for semi-quantitative
MAGE3 assay) (Table 1) SEQ ID NO:3 - E3 MAGE3 TMF
(forward primer for exon 3 MAGE-A3) (Table 2) SEQ ID
NO:4 - E3 MAGE3 TMR (reverse primer for exon 3
MAGE-A3; this primer is the reverse compliment of the
MAGE-A3 exon sequence it recognises) (Table 2) 15 SEQ
ID NO:5 - 13 MAGE3 TMF (forward primer for intron 3
MAGE-A3) (Table 2) SEQ ID NO:6 - 13 MAGE3 TMR (reverse
primer for intron 3 MAGE-A3; this primer is the
reverse compliment of the MAGE-A3 intron sequence it
recognises) (Table 2) SEQ ID NO:7 - MAGEA3-775F
(forward primer for MAGE-A3) (Table 5) SEQ ID NO:8 -
MAGEA3-849R (reverse primer for MAGE-A3; this primer
is the reverse 20 compliment of the MAGE-A3 sequence
it recognises) (Table 5) SEQ ID NO:9 - MAGEA3e-950F
(forward primer for MAGE-A3) (Table 5) SEQ ID NO: 10 -
MAGEA3e-1037R (reverse primer for MAGE-A3; this primer
is the reverse compliment of the MAGE-A3 sequence it
recognises) (Table 5) SEQ ID NO:11 - 1vIAGEA3f-623F
(forward primer for MAGE-A3) (Tables) 25 SEQ ID NO: 12
- MAGEA3f-697R (reverse primer for MAGE-A3; this
primer is the reverse compliment of the MAGE-A3
sequence it recognises) (Table 5) SEQ ID NO:13 - E3
MAGE3 TM? (probe for exon 3 MAGE3) (Table 2) SEQ ID
NO: 14 - 13 MAGE-A3 TM? (probe for intron 3
MAGE3)(Table 2) SEQ ID NO: 15 - MAGEA3-801Tmc (probe
for MAGE3) (Table 5) 30 SEQ ID NO:16 - MAGEA3e-1000Tmc
(probe for MAGE3) (Table 5) SEQ ID NO:17 -
MAGEA3f-651Tm (probe for MAGE3) (Table 5) SEQ ID NO:
18 - B-actin-E4F (B-actin primer) (Table 1) SEQ ID NO:
19 - B-actin-E6R (B-actin primer) (Table 1) SEQ ID
NO:20 - B-actin-TMF (B-actin primer) (Table 2) 35 SEQ
ID NO:21 - B-actin-TMR (B-actin primer) (Table 2) SEQ
ID NO:22 - B-actin TMP (B-actin probe) (Table 2) SEQ
ID NO 23 - SEQ ID NO:29: MAGE3 irnmuno peptides  WO
2007/147876PCT/EP2007/056219 SEQ ID NO:30 - SEQ ID
NO:34: adjuvant oligonucleofides SEQ ID NO:35 -
nucleotide sequence of fusion protein of Lipoprotein D
fragment-MAGE3 fragment -Histidine tail (Figure 9) SEQ
ID NO:36 - amino acid sequence of SEQ ID NO:35 (Figure
9) 5SEQ ID NO:37 - amino acid sequence of fusion
protein of NS1 - MAGE3 - histidine tail (Figure 10)
SEQ ID NO:38 - nucleotide sequence encoding SEQ ID
NO:37 (Figure 11)    SEQ ID NO:39 - amino acid
sequence of fusion protein of CLYTA-MAGE3-Histidine
(Figure 12) SEQ ID NO:40 - nucleotide sequence
encoding CLYTA-MAGE3-histidine fusion protein (Figure
1013) 



SEQ ID NO:41 - MAGE 1 fragment (Figure 14) SEQ ID
NO:42 - MAGE 2 fragment (Figure 14) SEQ ID NO:43 -
MAGE 4a fragment (Figure 14) SEQ ID NO:44 - MAGE 7
fragment (Figure 14) 15 SEQ ID NO:45 - MAGE 8 fragment
(Figure 14) SEQ ID NO:46 - MACE 10 fragment (Figure
14) SEQ ID NO:47 - MAGE 11 fragment (Figure 14) SEQ ID
NO:48 - MAGE 12 fragment (Figure 14) SEQ ID NO:49 -
MAGE-A6 fragment (Figure 14) 20 SEQ ID NO:50 - MAGE-A3
fragment (Figure 14) SEQ ID NO:51 - MAGE-A3 fragment
(Figure 15) SEQ ID NO:52 - MAGE-A6 fragment (Figure
15) SEQ ID NO:53 - MAGE-A3 synthetic probe sequence
MAGEA3F-646MOD (Table 7) SEQ ID NO:54 - MAGEA3F-646M0D
probe sequence having unmodified nucleotides 25 SEQ ID
NO:55 -13-actin primer sequence RGI BACT F2 (Table 8)
SEQ ID NO:56 - 13-actin primer sequence RGI BACT R2
(Table 8) SEQ ID NO:57 - I3-actin probe sequence 11W
RGIBACT H (Table 8) SUMMARY OF THE INVENTION 30 The
present inventors have developed an assay to identify
patients having MAGE-A3 expressing tumour tissue who
would therefore benefit from MAGE-A3 specific
immunotherapy.    In one embodiment of the present
invention there is provided a primer comprising the
nucleotide 35sequence of any of SEQ ID NO. 3-12. In a
further embodiment, there is provided a set of primers
comprising one or more of the following pairs of
primers: a) SEQ ID NO: 3 and 4;  WO
2007/147876PCT/EP2007/056219 b) SEQ ID NO: 5 and 6; c)
SEQ ID NO: 7 and 8; d) SEQ ID NO: 9 and 10; and e) SEQ
ID NO: 11 and 12. 5 In a further aspect of the present
invention there is provided a probe comprising the
nucleotide sequence of any of SEQ ID NO: 13 to 17, 53
or 54. In a further embodiment, there is provided a
kit comprising: 0(i) a forward primer; (ii) a reverse
primer; and (iii) a probe, 



in which components (i), (ii) and (iii) are capable of
hybridising to a target sequence of MAGE-A3 under
stringent conditions, and in which at least one of the
target sequences of (i), (ii) or (iii) differs 15by at
least one nucleotide compared to the equivalent region
of all other MAGE A nucleotide sequences and in which
the set is capable of being used to discriminate
between MAGE-A3 and MAGE-A6. Additionally, there is
provided a kit comprising: 20(i) a forward primer;
(ii) a reverse primer; and (iii) a probe, in which
components (i), 00 and (iii) are capable of
hybridising to a target sequence of MAGE-A3 under
stringent conditions, and in which at least one of the
target sequences of (i), (ii) or (iii) differs 25 by
at least one nucleotide compared to the equivalent
region of the MAGE-A6 nucleotide sequence and in which
the set is capable of being used to discriminate
between MAGE-A3 and MAGE-A6. In one embodiment, a kit
of the present invention may comprise the following
components: (i) at least one primer or set of primers
as described herein; and (iii) at least one probe as
described 30 herein. In one example, component (i)
comprises SEQ ID NO: 3 and 4; and component (ii)
comprises SEQ ID NO:13; alternatively, component (i)
comprises SEQ ID NO: 5 and 6; and component (ii)
comprises SEQ ID NO: 14; or component (i) comprises
SEQ ID NO: 7 and 8; and component 00 comprises SEQ ID
NO: 15; or component (i) comprises SEQ ID NO: 9 and
10; and component (ii) comprises SEQ ID NO: 16; or
component (i) comprises SEQ ID NO: 11 and 12; and
35component (ii) comprises SEQ ID NO: 17; or component
(i) comprises SEQ ID NO: 11 and 12; and component (1)
comprises SEQ ID NO:53 or SEQ ID NO:54.  WO
20071147876PCT/EP2007/056219 In a further embodiment
of the present invention there is provided a method
for determining the presence or absence of MAGE-A3
positive tumour tissue, comprising the step of
contacting an isolated nucleotide sequence obtained or
derived from a biological sample with at least one
primer as described herein, set of primers as
described herein, probe as described herein or kit as
described 5herein. Another aspect of the present
invention is a method for determining the presence or
absence of MAGE-A3 positive tumour tissue, by assaying
a biological sample with a primer, probe, or set of
primers as described herein. In a further aspect there
is provided a method of patient diagnosis comprising
the step of contacting an isolated nucleotide sequence
obtained or derived from a biological sample with at
least one primer as described herein, set of primers
as described herein, probe as described herein or kit
as described herein and assessing whether MAGE-A3 is
expressed in the sample. The method may further
comprise the step of amplifying a nucleotide sequence
and detecting in the sample the amplified nucleotide
sequence. In a yet further aspect there is provided a
method for determining the presence or absence of 20
MAGE-A3 positive tumour tissue, comprising contacting
an isolated nucleotide sequence obtained or derived
from a biological sample with at least one primer or
probe as described herein. The method may further
comprise the step of determining whether the isolated
nucleotide sequence hybridises to the at least one
primer or probe under stringent conditions, thereby
detecting whether the tumour tissue is MAGE-A3
positive. In one embodiment, the method may further
comprise the 



25step of using in situ hybridisation to detect
whether the nucleotide sequence hybridises to the at
least one primer or probe. The methods as described
herein may be used on a biological sample which is
frozen tissue; alternatively or additionally, the
methods described herein may be performed on a
biological 30sample which is paraffin-preserved
tissue, for example Formalin-Fixed, Paraffin-Embedded
tissue (FFPE). The present invention further provides
a method of treating a patient comprising: determining
whether a patient's tumour tissue expresses MAGE-A3
using a method as described herein and then 35
administering a composition comprising a MAGE-A3
immunotherapy or immunotherapeutic as described herein
to the patient.  WO 20071147876PCT/EP2007/056219 In a
further embodiment there is provided a method of
treating a patient susceptible to recurrence of a
MAGE-A3 expressing tumour, the patient having been
treated to remove/treat MAGE-A3 expressing tumour
tissue, the method comprising: determining whether the
patient's tumour tissue expresses MAGE-A3 using a
method as described herein and then administering a
composition 5comprising a MAGE-A3 immunotherapy or
immunotherapeutic as described herein to said patient.
In a further embodiment of the present invention there
is provided a use of a composition comprising a
MAGE-A3 immunotherapy or immunotherapeutic in the
manufacture of a medicament for the treatment of a
patient suffering from a MAGE-A3 expressing tumour, in
which 10a patient is identified as having MAGE-A3
expressing tumour tissue using a method as described
herein. In a yet further embodiment there is provided
a use of a a composition comprising a MAGE-A3
immunotherapy or immunotherapeutie in the manufacture
of a medicament for the treatment of a 15patient
susceptible to recurrence of a MAGE-A3 expressing
tumour, in which a patient is identified as having
MAGE-A3 expressing tumour tissue using a method as
described herein. In one embodiment there is provided
a method of treatment or use as described herein, in
which the composition comprising a MAGE-A3
immunotherapy or immunotherapeutic comprises a MAGE-
20 A3 antigen or peptide thereof. In one embodiment
the MAGE-A3 antigen or peptide thereof comprises or
consists of the peptide EVDPIGHLY. The MAGE-A3 antigen
or peptide for use in the present invention may be
fused or conjugated to a carrier protein. In one
embodiment, the carrier protein may be selected fium
protein D, NS I or 25CLytA or fragments thereof. In
one embodiment of the present invention the
composition comprising a MAGE-A3 immunotherapy or
immunotherapeutic may further comprise an adjuvant.
For example, the adjuvant may comprise one or more or
combinations of: 3D-MPL; aluminium salts; CpG
30containing oligonucleotides; saponin-containing
adjuvants such as QS21 or ISCOMs; oil-in-water
emulsions; and liposomes. In one embodiment, the
adjuvant may comprise 3D-MPL, CpG containing
oligonucleotides and QS21. 35 



DETAILED DESCRIPTION  WO 2007/147876PCT/EP2007/056219
As used herein, the term 'target sequence' is a region
of the MACE-A3 nucleic acid sequence (either DNA or
RNA, e.g. genomic DNA, messenger RNA, or amplified
versions thereof) to which 5the sequence of the probe
or primer has partial (i.e. with some degree of
mismatch) or total identity; although the reverse
primer is the reverse compliment (or, as above, has
some degree of mismatch) of the sequence it
recognises. The target sequence generally refers to a
region of the MAGE-A3 sequence that differs by at
least one nucleotide compared to another, or to all
other, MACE-A nucleotide sequences. However, in some
embodiments of the present invention the target
sequence 10 may, for one or more of the primers and
probe, be identical between MACE-A nucleotide
sequences, provided that at least one or two of the
primers and probe to be used recognise a target
sequence that differs between the genes to be
differentiated. Therefore, in one embodiment, a
specific primer or probe would bind the target MAGE-A3
15 sequence with no mismatches and bind the equivalent
region of a further MACE-A sequence, for example the
sequence of MACE-6, with mismatches of one or more
base pairs.    The target sequence for the primers or
probe of the present invention may be the sequence
having the most differences (mismatches) between the
two genes, to enable detection of MACE-A3 with 20very
high specificity. In one embodiment of the present
invention, the target sequences are in the regions
identified in boxed text in Figure 15. 25Suitably, the
primer or probe may be at least 95% identical to the
target sequence over the length of the primer or
probe, suitably greater than 95% identical such as
96%, 97%, 98%, 99% and most preferably has 100%
identity over its length to the target MAGE-A3
sequence. The primers or probes of the invention may
be identical to the target sequence at all nucleotide
positions of the primer or probe, or may have 1, 2, or
more mismatches depending upon the length of probe,
30temperature, reaction conditions and requirements of
the assay, for example. Provided, of course, that the
reverse primer fulfils these conditions to the region
that is the reverse compliment of the primer sequence.
Suitably each nucleotide of the primer or probe can
form a hydrogen bond with its counterpart 35target
nucleotide.  WO 20071147876PCT/EP2007/056219
Preferably the complementarity of primer or probe with
the target sequence is assessed by the degree of A:T
and C:G base pairing, such that an adenine (A)
nucleotide pairs with a thymine (T), and such that a
guanine (G) nucleotide pairs with a cytosine (C), or
vice versa. In the RNA form, T may be replaced by U
(uracil). 5 Where inosine is used in universal probes,
for example, then complementarity may also be assessed
by the degree of inosine (probe)- target nucleotide
interactions. Accordingly, the present invention
provides a primer comprising the nucleotide sequence
of any of 10 SEQ ID NO. 1-12, as shown in Tables 1 and
2. The term "primer" is used herein to mean any
single-stranded oligonucleotide sequence capable of
being used as a primer in, for example, PCR
technology. Thus, a 'primer' according to the
invention refers to a single-stranded oligonucleotide
sequence that is capable of acting as a point of
initiation for synthesis of a primer extension product
that is substantially identical (for a forward primer)
or substantially the reverse compliment (for a 



15 reverse primer) to the nucleic acid strand to be
copied. The design (length and specific sequence) of
the primer will depend on the nature of the DNA and/or
RNA targets and on the conditions at which the primer
is used (such as temperature and ionic strength). The
primers may consist of the nucleotide sequences shown
in SEQ ID NO: 1-12, or may be 10, 15, 2020, 25, 30,
35, 40, 45, 50, 75, 100 or more base pairs which
comprise or fall within the sequences of SEQ ID NO:
1-12, provided they are suitable for specifically
binding a target sequence within a MAGE-A3 nucleotide
sequence, under stringent conditions. When needed,
slight modifications of the primers of probes in
length or in sequence can be carried out to maintain
the specificity and sensitivity required under the
given circumstances. Probes and/ or primers listed
herein may be 25extended or reduced in length by 1, 2,
3, 4 or 5 nucleotides, for example, in either
direction. As used herein, the term "stringent
conditions" means any hybridisation conditions which
allow the primers to bind specifically to a nucleotide
sequence within the MAGE-A3 nucleotide sequence, but
not to any other MAGE nucleotide sequences. 'Specific
binding" or "specific hybridisation' of 30 a probe to
a region of the MAGE-A3 nucleotide sequence means that
the primer or probe forms a duplex (double-stranded
nucleotide sequence) with part of this region or with
the entire region under the experimental conditions
used, and that under those conditions the primer or
probe does not form a duplex with other regions of the
nucleotide sequence present in the sample to be
analysed. It should be understood that the primers and
probes of the present invention that are 35 designed
for specific hybridisation within a region of the
MAGE-A3 nucleotide sequence may fall entirely within
said region or may to a large extent overlap with said
region (i.e. form a duplex with nucleotides outside as
well as within said region).  WO
20071147876PCT/EP2007/056219 Suitably, the specific
hybridisation of a probe to a nucleic acid target
region occurs under "stringent" hybridisation
conditions, such as 3X SSC, 0.1% SDS, at 50C. The
skilled person knows how to vary the parameters of
temperature, probe length and salt concentration such
that 5specific hybridisation can be achieved.
Hybridisation and wash conditions are well known and
exemplified in, for example, Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second
Edition, Cold Spring Harbor, N.Y., (1989),
particularly Chapter 11 therein.      The present
invention further provides a set of primers comprising
one or more of the following 10pairs of primers: Set
1: SEQ ID NO:3 and 4 Set 2: SEQ ID NO:5 and 6 Set 3:
SEQ ID NO:7 and 8 Set 4: SEQ ID NO:9 and 10 Set 5: SEQ
ID NO:11 and 12  The present invention further
provides a probe comprising the nucleotide sequence of
any of SEQ ID NO: 13-17,53 or 54. The term "probe" is
used herein to mean any single-stranded 



15oligonucleotide sequence capable of binding nucleic
acid and being used as a probe in, for example, PCR
technology: The probes may consist of the nucleotide
sequences shown in SEQ ID NO: 13-17, 53 or 54 or may
be 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19 or 20, 25, 30, 35, 40, 45, 50, 75, 100 or more base
pairs which comprise or fall within the sequences of
SEQ ID NO:13-17, 53 or      54 provided they are
suitable for specifically binding a target sequence
within a MAGE-A3 20nucleotide sequence. In one
embodiment of the invention, in which a probe is to be
used in a method in combination with a pair of
primers, the pair of primers should allow for the
amplification of part or all of the MAGEA3
polynucleotide fragment to which probes are able to
bind or to which the probes are 25immobilised on a
solid support. The primer and/or probe may
additionally comprise a marker, enabling the probe to
be detected. Examples of markers that may be used
include: fluorescent markers, for example, 6-
carboxyfluorescein (6FAM1m), NED1m (Applera
Corporation), HEX or VICII" (Applied 30 Biosystems);
TAMRATIvi markers (Applied Biosystems, CA, USA);
chemiluminescent markers, for  WO
2007/147876PCT/EP2007/056219 example Ruthenium probes;
and radioactive labels, for example tritium in the
form of tritiated thymidine. 32-Phosphorus may also be
used as a radiolabel. In one embodiment of the present
invention, the probe may comprise a fluorescent
reporter dye at 5its 51-end and a quencher dye at its
31-end. The fluorescent reporter dye may comprise 6-
carboxyfluorescein (6FAM) and the quencher dye may
comprise a non-fluorescent quencher (NFQ). Optionally,
a Minor Groove Binder protein (MGB1m; Applied
Biosystems, CA, USA) may be added to the probe, for
example the 3' end of the probe. 10 In one embodiment,
an MGBTM Eclipse Probe may be used (Epoch Biosciences,
WA, USA). MOB'" Eclipse probes have an Eclipse Tm Dark
Quencher and an MGBTAI moiety positioned at the 5'-end
of the probe. A fluorescent reporter dye is located on
the 31-end of the probe. In one embodiment, the primer
and probe sequences of the present invention may
contain or 15comprise naturally occurring nucleotide
structures or bases, for example adenine (A), cytosine
(C), guanine (G), thymine (T) and uracil (U). In a
further embodiment, synthetic or modified analogues of
nucleotide structures or bases may be included in the
sequence of the probe. By synthetic or modified is
meant a non-naturally occurring  20 nucleotide
structure or base. Such synthetic or modified bases
may replace 1, 2, 3, 4, 5, 6, 7, 8, 9 or all of the
bases in the probe sequence. In one embodiment,
Cytosine may be replaced by 5-Methyl dC and Thymine
may be replaced by 5-Propynyl dU. BHQ2 Quencher may
also be included within the sequence. 25The present
invention additionally provides a kit comprising the
following components: (i) at least one primer or set
of primers as described herein; and (ii) at least one
probe as described herein. In one embodiment, the kit
comprises one forward primer, one reverse primer and a
probe sequence which has a target sequence within the
region amplified by the forward and reverse primers.
In this embodiment, the set of primers are capable of
amplifying a portion (amplicon) of the sequence of 30
MAGE-A3 and the probe is capable of hybridising under
stringent conditions to the amplicon. The sequences of
MAGE-A3 and MAGE-A6 are highly homologous, having 98%
alignment of their nucleotide and 95% alignment of
their protein sequences. In order to specifically
identify MAGE-A3 sequences, it is necessary to
identify primers and probes capable of differentiating
35 between MAGE-A3 and MAGE-A6. 



WO 2007/147876PCT/EP2007/056219 In one embodiment, the
present invention provides a set of primers and/or
probes which specifically hybridise to a target
sequence of MAGE-A3 under stringent conditions in
which at least one of the target sequences of the
primer or probe differs by at least one nucleotide
compared to the equivalent region of all other MACE A
nucleotide sequences and in which the set is capable
of 5 discriminating between MAGE-A3 and MAGE-A6. In
one embodiment, the present invention provides a set
of primers and/or probes which specifically hybridise
to a target sequence of MAGE-A3 under stringent
conditions in which at least one of the target
sequences of the primer or probe differs by at least
one nucleotide compared to the 10equivalent region of
the MACE A6 nucleotide sequence and in which the set
is capable of discriminating between MAGE-A3 and
MAGE-A6. In one embodiment, the target sequence of at
least one primer or probe may differ by one nucleotide
in the target sequence of MAGE-A3, compared to the
equivalent region of MAGE-A6. In a further
15embodiment, the target sequence of at least one
primer or probe may differ by two nucleotides compared
to the equivalent region of MAGE-A6. In one
embodiment, a kit comprising two primers and one probe
may have the following differences in the target
sequences of the primers and probe: 20(i) the target
sequence of one of the two primers or the probes
differs by one nucleotide between MAGE-A3 and MAGE-A6;
(fi) the target sequence of a primers or probe not
referred to in part (i), differs by one nucleotide
between MAGE-A3 and MACE-AG; and       (iii) the
target sequence of the remaining primer or probe is
identical for both MAGE-A3 and 25 MACE-A6; For
example, in one embodiment, a kit comprising primer A,
primer B and probe C may comprise the following
differences in the target sequences:    (i) the target
sequence of primer A differs by one nucleotide between
MAGE-A3 and MACE-AG; 30 (ii) the target sequence of
primer B differs by two nucleotides between MAGE-A3
and MAGE-A6; and (Hi) the target sequence of probe C
is identical for both MACE-A3 and MACE-AG.      For
example, in one embodiment, a kit comprising primer A,
primer B and probe C may comprise 35the following
differences in the target sequences: (i) the target
sequence of primer A differs by two nucleotides
between MACE-A3 and MAGE-A6; (ii) the target sequence
of primer B is identical for both MACE-A3 and MACE-AG;
and  WO 20071147876PCT/EP2007/056219 (iii) the target
sequence of probe C differs by one nucleotides between
MAGE-A3 and MAGE-A6; For example, in one embodiment, a
kit comprising primer A, primer B and probe C may
comprise the following differences in the target
sequences: 



5 (i) the target sequence of primer A is identical for
both MAGE-A3 and MAGE-A6;  (ii) the target sequence of
primer B differs by one nucleotide between MAGE-A3 and
MAGE-A6; and  (iii) the target sequence of probe C
differs by two nucleotides between MAGE-A3 and
MAGE-A6; 10 In one embodiment, the kit may comprise:
the pair of primers of or comprising SEQ ID NO: 3 and
4 and the probe of or comprising SEQ ID NO: 13; the
pair of primers of or comprising SEQ ID NO: 5 and 6
and the probe of or comprising SEQ ID NO:14; the pair
of primers of or comprising SEQ ID NO: 7 and 8 and the
probe of or comprising SEQ ID NO:15; the pair of
primers of or comprising SEQ ID NO: 9 and 10 and the
probe of or comprising SEQ ID NO:16; and/or the pair
of primers of 15or comprising SEQ ID NO: 11 and 12 and
the probe of or comprising SEQ ID NO: 17. In a further
embodiment of the present invention there is provided
a method for determining the presence or absence of
MAGE-A3 positive tumour tissue, comprising the step of
contacting a nucleotide sequence obtained or derived
from a biological sample with at least one primer or
at 20least one set of primers or probe as described
herein. By MAGE-A3 positive tumour tissue is meant any
tumours or tumour cells expressing the MAGE-A3 antigen
that have been isolated from a patient The method as
described herein may be used to determine whether a
biological sample comprises or consists of MAGE-A3
positive tumour tissue. 25By biological sample is
meant a sample of tissue or cells from a patient that
has been removed or isolated from the patient. There
is additionally provided a method of patient diagnosis
comprising the step of contacting a nucleotide
sequence obtained or derived from a biological sample
with at least one primer or at 30least one set of
primers or probe as described herein and assessing
whether MAGE-A3 is expressed in the sample. In one
embodiment, the nucleotide sequence is or has been
isolated from the biological sample. 35The term
"obtained or derived from" as used herein is meant to
be used inclusively. That is, it is intended to
encompass any nucleotide sequence directly isolated
from a tumour sample or any  WO
20071147876PCT/EP20071056219 nucleotide sequence
derived from the sample for example by use of reverse
transcription to produce mRNA or cDNA. A method of the
present invention may further comprise amplifying the
nucleotide sequence and 5detecting in the sample the
amplified nucleotide sequence. Alternatively or
additionally, the 



method of the present invention may further comprise
contacting the isolated or amplified nucleotide
sequence with one or more probes as described herein.
In one embodiment, the nucleotide sequence is isolated
or purified from the tumour sample. In NT- 10 PCR,
genomic DNA contamination may lead to false positive
results. In one embodiment, the genomic DNA is removed
or substantially removed from the sample to be tested
or included in the methods of the present invention.
The methods of the present invention are suitable for
detecting MAGE-A3 positive tumour tissue.  15 In one
embodiment of the present invention, MAGE-A3 positive
tissue may be detected using in situ hybridisation. By
in situ hybridisation is meant is a hybridisation
reaction performed using a primer or probe according
to the present invention on intact chromosomes, cells
or tissues isolated from a patient for direct
visualization of morphologic sites of specific DNA or
RNA sequences. 20Hybridisation of the polynucleotides
may be carried out using any suitable hybridisation
method and detection system. Examples of hybridisation
systems include conventional dot blot, Southern blots,
and sandwich methods. For example, a suitable method
may include a reverse hybridisation approach, wherein
type-specific probes are immobilised on a solid
support in known distinct locations (dots, lines or
other figures), and amplified polynucleic acids are
labelled in order to 25detect hybrid formation. The
MAGE-A3 specific nucleic acid sequences, for example a
probe or primer as described herein, can be labelled
with biotin and the hybrid can be detected via a
biotin- streptavidin coupling with a non-radioactive
colour developing system. However, other reverse
hybridisation systems may also be employed, for
example, as illustrated in Gravitt et al, (Journal of
Clinical Microbiology, 1998, 3600): 3020-3027) the
contents of which are also incorporated by
30reference. Standard hybridisation and wash
conditions are described in Kleter et al., Journal of
Clinical Microbiology, 1999, 37(8): 2508-2517 and will
be optimised under the given circumstances to maintain
the specificity and the sensitivity required by the
length and sequence of the probe(s) and primer(s).
35In one embodiment, the method of the present
invention may comprise use of: a) the pair of primers
comprising SEQ ID NO: 3 and 4; and a probe comprising
SEQ ID NO:13; b) the pair of primers comprising SEQ ID
NO: 3 and 4; and a probe comprising SEQ ID NO: 17  WO
20071147876PCT1EP20071056219    c) the pair of primers
comprising SEQ ID NO: 3 and 4; and a probe comprising
SEQ ID NO:53 d) the pair of primers comprising SEQ ID
NO: 3 and 4; and a probe comprising SEQ ID NO:54    e)
the pair of primers comprising SEQ ID NO: 5 and 6 and
the probe comprising SEQ ID NO:14; 0 the pair of
primers comprising SEQ ID NO: 7 and Sand the probe
comprising SEQ ID NO:15; 5 g) the pair of primers
comprising SEQ ID NO: 9 and 10 and the probe
comprising SEQ ID NO: 16;  h) the pair of primers
comprising SEQ ID NO: 11 and 12 and the probe
comprising SEQ ID NO: 17;  i) the pair of primers
comprising SEQ ID NO: 11 and 12; and a probe
comprising SEQ ID NO:53; and/or      j) the pair of
primers comprising SEQ ID NO: 11 and 12; and a probe
comprising SEQ ID NO:54 10 The methods as described
herein are suitable for use in fresh tissue, frozen
tissue, paraffin-preserved tissue and/or ethanol
preserved tissue. Well-known extraction and
purification procedures are available for the
isolation of RNA or DNA from a sample (e.g. in
Sambrook et al., 



1989). The RNA or DNA may be used directly following
extraction from the sample or, more 15 preferably,
after a polynucleotide amplification step (e.g. PCR)
step. In specific instances, such as for reverse
hybridisation assays, it may be necessary to reverse
transcribe RNA into cDNA before amplification. In both
latter cases the amplified polynucleotide is 'derived'
from the sample.      In one embodiment, in which the
sample is paraffin-preserved tissue, the following
sets of primers 20 and probes may be used:    a) the
pair of primers comprising SEQ ID NO: 7 and 8 and the
probe comprising SEQ ID NO:15; b) the pair of primers
comprising SEQ ID NO: 9 and 10 and the probe
comprising SEQ ID NO: 16;    c) the pair of primers
comprising SEQ ID NO: 11 and 12 and the probe
comprising SEQ ID NO: 17; 25 d) the pair of primers
comprising SEQ ID NO: 11 and 12; and a probe
comprising SEQ ID NO:53; and/or e) the pair of primers
comprising SEQ ID NO: 11 and 12; and a probe
comprising SEQ ID NO:54 30The present invention
additionally provides a method of treating a patient
comprising: determining whether the patient's tumour
tissue expresses MAGE-A3 using a method as described
herein, and administering a composition comprising a
MAGE-A3 antigen, epitope or antigen derivative or a
MAGE-A3 specific antibody or immunoglobulin to said
patient The patient may have tumour tissue expressing
MAGE-A3 (active disease setting), or may be
susceptible to recurrence of a 35 MAGE-A3 expressing
tumour, the patient having been treated to
remove/treat MAGE-A3 expressing tumour tissue
(adjuvant setting).  WO 2007/147876PCT/EP20071056219
The present invention further provides the use of a
composition comprising a MAGE-A3 antigen, epitope or
antigen derivative or a MAGE-A3 specific antibody or
immunoglobulin in the manufacture of a medicament for
the treatment of a patient suffering from a MAGE-A3
expressing tumour or susceptible to recurrence of a
MAGE-A3 expressing tumour, in which a patient is
5identified as having or identified as having had
MAGE-A3 expressing tumour tissue using a diagnostic
method, kit, primer or probe as described herein. The
composition comprising a MAGE-A3 antigen, epitope or
antigen derivative may comprise a MA.GE-A3 antigen or
peptide thereof. In one embodiment, the MAGE-A3
antigen or peptide 10 thereof comprises or consists of
the peptide EVDPIGHLY. The MAGE-A3 antigen or peptide
may be fused or conjugated to a carrier protein, which
may be selected from protein D, NS I or CLytA or
fragments thereof. In one embodiment, the composition
may further comprise an adjuvant; for example an
adjuvant 15comprising one or more or a combination of:
3D-MPL; aluminium salts; CpG containing
oligonucleotides; saponin-containing adjuvants such as
QS2I or ISCOMs; oil-in-water emulsions; and Liposomes.
Thus the present invention provides a method for
screening, in clinical applications, tissue samples 20
from a human patient for the presence or absence of
the expression of MAGE-A3. Such samples could consist
of, for example, needle biopsy cores, surgical
resection samples or lymph node tissue. For example,
these methods include obtaining a biopsy, which is
optionally fractionated by crypstat sectioning to
emich tumour cells to about 80% of the total cell
population. In certain embodiments, nucleic acids may
be extracted from these samples using techniques well
known in the art. In other 



25 embodiments nucleic acids extracted from the tissue
sample may be amplified using techniques well known in
the art. The level of MAGE-A3 expression can be
detected and can be compared with statistically valid
groups and/or controls of MAGE-A3 negative patients.
In one embodiment, the diagnostic method comprises
determining whether a subject expresses the 30 MAGE-A3
gene product, for example by detecting the
corresponding mRNA and/or protein level of the gene
product. For example by using techniques such as
Northern blot analysis, reverse
transcription-polymerase chain reaction (RT-PCR),
semi-quantitative RT-PCR, quantitative RTPCR, TaqMan
PCR, in situ hybridisation, immunoprecipitation,
Western blot analysis or immunohistochemistry.
According to such a method, cells or tissue may be
obtained from a subject 35 and the level of mRNA
and/or protein compared to those of tissue not
expressing MAGE-A3. TaqMan PCR technology  WO
2007/147876PCT/EP2007/056219 Taq DNA polymerase has
5'-3' exonuclease activity. The Taqman PCR assay uses
this exonuclease activity to cleave dual-labelled
probes annealed to target sequences during PCR
amplification. Briefly, RNA is extracted from a sample
and cDNA is synthesised (reverse transcription). The
5cDNA is then added to a PCR reaction mixture
containing standard PCR components (see, for example,
components supplied by Roche (CA, USA) for Taqman PCR.
The reaction mixture additionally contains a probe
that anneals to the template nucleotide sequence
between the two primers (ie within the sequence
amplified by the PCR reaction, the "amplicon"). The
probe comprises a fluorescent reporter dye at the
5'-end and a quencher dye at the 3'-end. The quencher
10is able to quench the reporter fluorescence, but
only when the two dyes are close to each other: this
occurs for intact probes. During and after
amplification, the probe is degraded by the Taq DNA
polymerase, and any fluorescence is detected. 15 For
quantitative measurements, the PCR cycle number at
which fluorescence reaches a threshold value of 10
times the standard deviation of baseline emission is
used. This cycle number, called the cycle threshold
(Ct), is inversely proportional to the starting amount
of target cDNA and allows the amount of cDNA to be
measured Essentially, the more target RNA present in a
sample, the lower 20 the Ct number obtained. The
measurements obtained for the Ct value are compared to
those obtained for a housekeeping gene. This allows
for any errors based on the amount of total RNA added
to each reverse transcription reaction (based on
wavelength absorbance) and its quality (i.e.,
degradation): neither 25of which are reliable
parameters to measure the starting material.
Therefore, transcripts of a housekeeping gene are
quantified as an endogenous control. Beta-actin is one
of the most used non-specific housekeeping genes,
although others may be used. In yet a further
embodiment of the invention, there is provided a
method of treating a patient 30 suffering from a
MAGE-A3 expressing tumour, the method comprising
determining, through use of a method of the present
invention, whether the patient expresses the MAGE-A3
protein and subsequently administering a composition
comprising a MAGE-A3 antigen, epitope or antigen
derivative or a MAGE-A3 specific antibody or
immunoglobulin to prevent or ameliorate recurrence of
disease. The patient may first receive treatment such
as resection by surgery of any tumour or 35other
chemotherapeutic or radiotherapy treatment. 



WO 2007/147876PCT/EP2007/056219 Thus the invention
further provides the use of MACE-specific
immunotherapy in the manufacture of a medicament for
the treatment of patients suffering from MAGE-A3
expressing tumour or patients who have received
treatment (surgery, chemotherapy or radiotherapy) to
remove or treat a MAGE-A3 expressing tumour, said
patient having been determined as having MAGE-A3-
5expressing tumour tissue, through use of a diagnostic
method, kit, primer or probe according to the present
invention. Thus, this invention may be used for
patients having MAGE-A3 expressing cancers, such as:
melanoma; breast cancer; bladder cancer including
transitional cell carcinoma; lung cancer 10 including
non-small cell lung carcinoma (NSCLC); head and neck
cancer including oesophagus carcinoma; squamous cell
carcinoma; liver cancer; multiple myeloma and colon
carcinoma. In an embodiment, the invention may be used
in the treatment of patients in an adjuvant
(post-operative) setting in such cancers particularly
lung and melanoma. The invention also finds utility in
the treatment of metastatic cancers. 15 Immunotherapy
Compositions suitable for use in methods for treating
patients of the present invention are those capable of
raising a MAGE-A3 specific immune response. The
composition will contain at least one epitope from a
MAGE-A3 gene product. Such an epitope may be present
as a peptide antigen 20optionally linked covalently to
a carrier. Alternatively, larger protein fragments may
be used. The fragments and peptides for use must
however, when suitably presented be capable of raising
an immune response against MAGE-A3, for example a
MAGE-A3-specific immune response.      Examples of
peptides that may be used in the present invention
include the following MACE-A3 25peptides: SEQ ID NO
Peptide sequence SEQ ID NO:23 FLWGPRALV SEQ ID NO:24
MEVDPIGHLY SEQ ID NO:25 VHFLLLKYRA SEQ ID NO:26 



LVHFLLLKYR SEQ ID NO:27 LKYRAREPVT SEQ ID NO:28
ACYEFLWGPRALVETS SEQ ID NO:29 TQHFVQENYLEY  In one
embodiment, the antigen may comprise a MACE peptide or
protein linked to an immunological fusion or
expression enhancer partner. The MACE protein may be
full length  WO 20071147876PCT/EP2007/056219 MAGE-A3
or may comprise a fragment of MAGE3, for example amino
acids 3-314 of MAGE3 (312 amino acids in total). The
antigen and partner may be chemically conjugated, or
may be expressed as a recombinant 5fusion protein. In
an embodiment in which the antigen and partner are
expressed as a recombinant fusion protein, this may
allow increased levels to be produced in an expression
system compared to non-fused protein. Thus the fusion
partner may assist in providing T helper epitopes
(immunological fusion partner), preferably T helper
epitopes recognised by humans, and/or assist in
expressing the protein (expression enhancer) at higher
yields than the native recombinant protein. 10 In one
embodiment, the fusion partner may be both an
immunological fusion partner and expression enhancing
partner. In one embodiment of the invention, the
immunological fusion partner that may be used is
derived from protein D, a surface protein of the
gram-negative bacterium, Haetnophilus influenza B
15(W091/18926) or a derivative thereof. The protein D
derivative may comprise the first 1/3 of the protein,
or approximately the first 1/3 of the protein. In one
embodiment, the first 109 residues of protein D may be
used as a fusion partner to provide a MAGE-A3 antigen
with additional exogenous T-cell epitopes and increase
expression level in E. coli (thus acting also as an
expression enhancer). In an alternative embodiment,
the protein D derivative may comprise the first N- 20
terminal 100-110 amino acids or approximately the
first N-terminal 100-110 amino acids. In one
embodiment, the protein D or derivative thereof may be
lipidated and lipoprotein D may be used: the lipid
tail may ensure optimal presentation of the antigen to
antigen presenting cells In one embodiment, the
MAGE-A3 may be Protein D-MAGE-A3/His, a
432-amino-acid-residue 25fusion protein. This fusion
protein comprises amino acids 1 to 109 of Protein D, a
lipoprotein present on the surface of the
gram-negative bacterium Haemophilus Influenzae B, 312
amino acids from the MAGE-A3 protein (amino acids
3-314), a spacer and a polyhistidine tail (His) that
may facilitate the purification of the fusion protein
during the production process, for example: 



30i) An 18-residue signal sequence and the first 109
residues of the processed protein D, the signal
sequence being cleaved from the fusion protein during
production to leave the first 109 residues; ii) Two
unrelated residues (methionine and aspartic acid);
iii) Residues 3-314 of the native MAGE-3 protein; iv)
Two glycine residues functioning as a hinge region
35v) seven Histidine residues;  WO
2007/147876PCT/EP20071056219 In an alternative
embodiment, the above construct may be used except (i)
may be replaced with a sequence comprising the first
N-terminal 100-110 amino acids or approximately the
first N-terminal 100-110 amino acids of Protein D.
MAGE-3 may be expressed as a fusion protein with
protein D at the N terminus and a sequence of 5seven
histidine residues (His tail) at the C-terminus.
Protein D is a 42-kDa immunoglobulin-D binding
protein, exposed on the surface of the Gram-negative
bacterium Haemophilus Influenzae B. In another
embodiment the immunological fusion partner protein D
may be replaced with the protein known as LytA. LytA
is derived from Streptococcus pneuntoniae which
synthesise an N- 10acetyl-L-alanine amidase, amidase
LytA, (coded by the LytA gene (Gene, 43 (1986) page
265- 272)) an autolysin that specifically degrades
certain bonds in the peptidoglycan backbone. The
C-terminal domain of the LytA protein is responsible
for the affinity to the choline or to some choline
analogues such as DEAE. This property has been
exploited for the development of E. colt C-LytA
expressing plasmids useful for expression of fusion
proteins. Purification of hybrid proteins 15containing
the C-LytA fragment at its amino terminus has been
described (Biotechnology: 10, (1992) page 795-798). In
one embodiment, the C terminal portion of the molecule
may be used. The embodiment may utilise the repeat
portion of the LytA molecule found in the C terminal
end starting at residue 178. In one embodiment, the
LytA portion may incorporate residues 188 - 305. 20 In
one embodiment of the present invention, the MAGE-A3
protein may comprise a derivatised free thiol. Such
antigens have been described in W099/40188. In
particular carboxyamidated or carboxymethylated
derivatives may be used. In one embodiment of the
present invention, the tumour associated antigen
comprises a MAGE-A3-  25 Protein D molecule. The
nucleotide and amino acid sequences for this molecule
are shown in Figure 9 (SEQ ID NO:35 and SEQ ID NO:36).
This antigen and those summarised below are described
in more detail in W099/40188.      In further
embodiments of the present invention, the tumour
associated antigen may comprise any 30of the following
fusion proteins: A fusion protein of NS I-MAGE3, and
Histidine tail, for example as shown in Figures 10 and
11 (SEQ ID NO:37 and SEQ ID NO:38) ; A fusion protein
of CLYTA-MAGE3-Histidine, for example as shown in
Figures 12 and 13 (SEQ ID NO:39 and SEQ ID NO:40). 35 



A further embodiment of the present invention
comprises utilising a nucleic acid immunotherapeutic
which comprises a nucleic acid molecule encoding a
MAGE-A3 specific  WO 2007/147876PCT/EP2007/056219
tumour associated antigen as described herein. In one
embodiment of the present invention, the sequences may
be inserted into a suitable expression vector and used
for DNA/RNA vaccination. Microbial vectors expressing
the nucleic acid may also be used as vectored
delivered immunotherapeutics. 5 Examples of suitable
viral vectors include retroviral, lentiviral,
adenoviral, adeno-associated viral, herpes viral
including herpes simplex viral, alpha-viral, pox viral
such as Canarypox and vacciniaviral based systems.
Gene transfer techniques using these viruses are known
to those skilled in the art. Retrovirus vectors for
example may be used to stably integrate the
polynucleotide of the 10invention into the host
genome, although such recombination is not preferred.
Replication- defective adenovirus vectors by contrast
remain episomal and therefore allow transient
expression. Vectors capable of driving expression in
insect cells (for example baculovirus vectors), in
human cells, yeast or in bacteria may be employed in
order to produce quantities of the MAGE-A3 protein
encoded by the polynucleotides of the present
invention, for example for use as subunit vaccines or
15in immunoassays.  In a preferred embodiment the
adenovirus used as a live vector is a replication
defective simian adenovirus. Typically these viruses
contain an El deletion and can be grown on cell lines
that are transformed with an El gene. Preferred Simian
adenoviruses are viruses isolated from 20Chimpanzee.
In particular C68 (also known as Pan 9) (See US patent
No 6083 716) and Pan 5, 6 and Pan 7 (WO 03/046124) are
preferred for use in the present invention. Thus these
vectors can be manipulated to insert a heterologous
gene of the invention such that the gene product maybe
expressed. The use, formulation and manufacture of
such recombinant adenoviral vectors is set forth in
detail in WO 03/046142. 25  Conventional recombinant
techniques for obtaining nucleic acid sequences, and
production of expression vectors of are described in
Maniatis et at, Molecular Cloning - A Laboratory
Manual; Cold Spring Harbor, 1982-1989. 30For protein
based immunotherapeutics the proteins of the present
invention are provided either soluble in a liquid form
or in a lyophilised form. Each human dose may comprise
1 to 1000 jig of protein. In one embodiment, the dose
may comprise 30 - 300 jig of protein. 35 The
immunotherapeutic as described herein may further
comprise a vaccine adjuvant, and/or an
immunostimulatory cytokine or chemokine.  WO
2007/147876PCT/EP2007/056219 Suitable vaccine
adjuvants for use in the present invention are
commercially available such as, for example, Freund's
Incomplete Adjuvant and Complete Adjuvant (Difco
Laboratories, Detroit, MI); Merck Adjuvant 65 (Merck
and Company, Inc., Rahway, NJ); AS-2 (SmithKline
Beecham, 5Philadelphia, PA); aluminium salts such as
aluminium hydroxide gel (alum) or aluminium 



phosphate; salts of calcium, iron or zinc; an
insoluble suspension of acylated tyrosine; acylated
sugars; cationically or anionically derivatised
polysaccharides; polyphosphazenes; biodegradable
microspheres; monophosphoryl lipid A and quil A.
Cytokines, such as GM-CSF or interleukin-2, - 7, or
-12, and chemokines may also be used as adjuvants. 10
In formulations of the invention it may be desirable
that the adjuvant composition induces an immune
response predominantly of the Thl type. High levels of
Thl-type cytokines (e.g., IFN-y, TNFa, IL-2 and IL-12)
tend to favour the induction of cell mediated immune
responses to an administered antigen. According to one
embodiment, in which a response is predominantly Thl-
15type, the level of Thl-type cytokines will increase
to a greater extent than the level of Th2-type
cytokines. The levels of these cytokines may be
readily assessed using standard assays. For a review
of the families of cytokines, see Mosmann and Coffman,
Ann. Rev. Immunol. 7:145-173, 1989. 20Accordingly,
suitable adjuvants that may be used to elicit a
predominantly Thl-type response  include, for example
a combination of monophosphoryl lipid A, such as
3-de-0-acylated monophosphoryl lipid A (3D-MPL)
together with an aluminium salt. 3D-MPL or other toll
like receptor 4 (TLR4) ligands such as aminoalkyl
glucosaminide phosphates as disclosed in W09850399,
W00134617 and W003065806 may also be used alone to
generate a predominantly 25Thl-type response. Other
known adjuvants, which may preferentially induce a TH1
type immune response, include TLR9 antagonists such as
unmethylated CpG containing oligonucleotides. The
oligonucleotides are characterised in that the CpG
dinucleotide is unmethylated. Such oligonucleotides
are well known 30and are described in, for example WO
96/02555. Suitable oligonucleotides include: SEQ M
NO:30 TCC ATG ACG TTC CTG ACG TT CpG 1826 SEQ M NO:31
TCT CCC AGC GTG CGC CAT CpG 1758 SEQ ID NO:32 ACC GAT
GAC GTC GCC GOT GAC GGC ACC ACG  SEQ ID NO:33 TCG TCG
TTT TOT CGT TTT GTC OTT CpG 2006, CpG 7909 



SEQ ID NO:34 TCC ATG ACG TTC CTG ATG CT CpG 1668  WO
2007/147876PCT/EP2007/056219 CpG-containing
oligonueleotides may also be used alone or in
combination with other adjuvants. For example, an
enhanced system involves the combination of a
CpG-containing oligonucleotide and a saponin
derivative particularly the combination of CpG and
QS2I as disclosed in 5 W000/09159 and W000/62800. The
formulation may additionally comprise an oil in water
emulsion and/or tocopherol. Another suitable adjuvant
is a saponin, for example QS21 (Aquila
Biopharmaceuticals Inc., 10 Framingham, MA), that may
be used alone or in combination with other adjuvants.
For example, an enhanced system involves the
combination of a monophosphoryl lipid A and saponin
derivative, such as the combination of QS21 and 3D-MPL
as described in WO 94/00153, or a less reactogenic
composition where the QS21 is quenched with
cholesterol, as described in WO 96/33739. Other
suitable formulations comprise an oil-in-water
emulsion and tocopherol. A particularly potent
15adjuvant formulation involving QS21, 3D-MPL and
tocopherol in an oil-in-water emulsion is described in
WO 95/17210. In another embodiment, the adjuvants may
be formulated in a liposomal composition. The amount
of 3 D MPL used is generally small, but depending on
the Immunotherapeutic 20formulation may be in the
region of 1-1000gg per dose, preferably 1-500pg per
dose, and more preferably between 1 to 100gg per dose.
In an embodiment, the adjuvant system comprises three
immunostimulants: a CpG oligormcleotide, 3 D -MPL, &
QS2 I either presented in a liposomal formulation or
an oil in water emulsion such as 25described in WO
95/17210. The amount of CpG or immunostimulatory
oligonucleotides in the adjuvants or
immunotherapeutics of the present invention is
generally small, but depending on the
immunotherapeutic formulation may be in the region of
1-1000gg per dose, preferably 1-500gg per 30dose, and
more preferably between I to 100 jig per dose. The
amount of saponin for use in the adjuvants of the
present invention may be in the region of 1- 1000gg
per dose, preferably 1-500gg per dose, more preferably
1-250pg per dose, and most preferably between 1 to
100gg per dose. 35 Generally, each human dose may
comprise 0.1-1000 fig of antigen, for example 0.1-500
jig, 0.1- 100 jig, or 0.1 to 50 jig. An optimal amount
for a particular immunotherapeutic can be ascertained
WO 2007/147876PCT/EP2007/056219 



by standard studies involving observation of
appropriate immune responses in vaccinated subjects.
Following an initial vaccination, subjects may receive
one or several booster immunisation adequately spaced.
5Other suitable adjuvants include Montanide ISA 720
(Seppic, France), SAP (Chiron, California, United
States), ISCOMS (CSL), MF-59 (Chiron), Ribi Detox,
RC-529 (GSK, Hamilton, MT) and other aminoalkyl
glucosaminide 4-phosphates (AGPs). Accordingly there
is provided an immunogenic composition for use in the
method of the present 10invention comprising an
antigen as disclosed herein and an adjuvant, wherein
the adjuvant comprises one or more of 3D-MPL, QS21, a
CpG oligonucleotide, a polyethylene ether or ester or
a combination of two or more of these adjuvants. The
antigen within the immunogenic composition may be
presented in an oil in water or a water in oil
emulsion vehicle or in a liposomal formulation. 15 In
one embodiment, the adjuvant may comprise one or more
of 3D-MPL, QS21 and an immunostimulatory CpG
oligonucleotide. In an embodiment all three
itnmunostimulants are present. In another embodiment
3D MPL and Qs21 are presented in an oil in water
emulsion, and in the absence of a CpG oligonucleotide.
20 A composition for use in the method of the present
invention may comprise a pharmaceutical composition
comprising tumour associated antigen as described
herein, or a fusion protein, in a pharmaceutically
acceptable excipient. Throughout this specification
and the claims which follow, unless the context
requires otherwise, 25the word "comprise", and
variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated
integer or step or group of stated integers or steps
but not to the exclusion of any other integer or step
or group of integers or steps.      The invention will
be further described by reference to the following,
non-limiting, examples, in 30which RT-PCR refers to
reverse-transcription polymerase chain reaction:
EXAMPLES Example 1 35 Semi-quantitative PCR - Frozen
tissue samples Primers: SEQ ID NO: 1 and SEQ ID NO:2
WO 20071147876PCT/EP2007/056219 R.NA Extraction:
Liquid nitrogen RNA purification method A small piece
of tissue was snap frozen into liquid nitrogen and
then placed into a mortar for mechanical grinding by a
pestle. 100 mg of the resultant powder was added to
100 ul of TriPure 5isolation reagent and RNA extracted
according to the manufacturer's instructions (Qiagen,
Venlo, Netherlands). RNA concentration was determined
from the optical density value at 260 nm. 



Semi-quantitative MAGE-A3 RT-PCR Semi-quantitative
RT-PCR was carried out as described by De Plaen et al
(Immunogenetics 40:360, 101994). cDNA synthesis from
21.1g of total RNA was performed in a 20 ill mixture
containing lx first strand buffer, 0.5 mM of each
dNTP, 10 mM of dithiothreitol, 20 U of rRNase
inhibitor, 212M of oligo (dT)15 and 200 U of M-MLV
reverse transcriptase for 1h30 at 42C. 50 ng of cDNA
was amplified by PCR in a 25 pd mixture containing
primers specific for MAGE-A3 (SEQ ID NOs 1 and 2). A
10111 aliquot of each reaction was run on a 1% agarose
gel electrophoresis and visualised 15 by ethidium
bromide fluorescence. The sizes of the amplicons are
725 bp and 805 bp when mRNA and genomic DNA (gDNA) are
respectively amplified. Positive controls for
Semi-quantitative MAGE-A3 RT-PCR: Three positive
controls were introduced for these experiments: 20 (i)
A cloned fragment of MAGE-A3 genomic DNA was added to
each PCR reaction mixture. This generates a fragment
of 805 bp (80 bp greater than the fragment generated
from the cDNA) and is always present in the absence of
PCR inhibition. This acts as a positive control to
check PCR efficiency in MAGE-A3 negative samples;
(ii) For each MAGE-A3 assay, cDNA synthesis was
carried out in parallel on tumour samples and 25on RNA
extracted from the "Gerl" melanoma cell-line MZ-2-3.0.
To be considered "positive", tumour samples must yield
a signal at 1% the level of Gerl cell-line MZ-2-3.0
cDNA  (iii) Beta-actin PCR (Table 1) was carried out
on each sample in order to detect samples with
strongly degraded RNA. If the beta-actin signal
generated from a MAGE-A3 negative tumour sample was
weaker than the signal generated from the MZ-2-3.0 the
number of cycles was 30adjusted for the clinical
sample so that the intensity of beta-actin amplicon
reached the required level. Negative controls for
Semi-quantitative MAGE-A3 RT-PCR: Three negative
controls were introduced for these experiments: 35(i)
RNA extracted from cell culture LB 23-1/2, known to be
MAGE-A3 negative; (H) a water control in RT-reaction;
and (iii) a water control in the PCR steps.  WO
2007/147876PCT1EP2007/056219 Interpretation of data A
50ng sample of mRNA from a tumour sample was
considered MAGE-A3 positive when the amount of 725 bp
amplicon was equal to or greater than the amount of
amplicon obtained using 0.5 5 ng of RNA from the Gerl
cell-line MZ-2-3.0 RNA (ie. equivalent to 0.1% of Gerl
RNA; see positive controls). Amounts were estimated by
ethidium bromide fluorescence. Positive and negative
controls were added. 



Classes for Semi-quantitative MAGE-A3 RT-PCR: five
standard classes (De Plaen et al., 1994) 10were
assigned to the semi-quantitative MAGE-A3 RT-PCR
assay. These are a subjective measurement and were,
from lowest to highest expression -, -/+, +, ++, +-H-.
An example of how these classes may be assigned is
shown in Figure 16: in this figure, the classes are
assigned according to the band generated by the
positive control as shown in Table 6, below: 15Table 6
RNA positive control  100 50 10 2 1 0.5 Class +++
-1-1-  +1-  20 Example 2: Real time Taqman
Quantitative RT-PCR - Frozen tissue samples Real time
Taqman Quantitative RT-PCR:    Primers: SEQ ID NO: 3
and SEQ ID NO:4; Probe: SEQ ID NO: 13 (exon) Primers:
SEQ ID NO: 5 and SEQ ID NO:6; Probe: SEQ ID NO: 14
(intron) 25Semi-quantitative PCR (for comparison
studies): Primers: SEQ ID NO: 1 and SEQ ID NO:2
Materials and Methods Patients and sample collection 



30 Biopsies from stage IB and II Non Small Cell Lung
Carcinoma (NSCLC) tumours were obtained by surgery.
Patients had enrolled in two clinical trials, the GSK
249553/004 (MAGE3-ASO2B-004) and the
Epidemio-MAGE3-153; patients had signed the informed
consent and were explained the nature and the possible
consequences of the studies. Biopsies were immersed in
RNA-stabilizing solution (RNA-later, Ambion,
Cambridge, UK) directly after surgical resection and
stored at -20C.  WO 2007/147876PCT/EP2007/056219
RNAlater is a tissue storage reagent that stabilises
and protects cellular RNA in intact, unfrozen tissue
samples. RNAlater eliminates the need to immediately
freeze samples in liquid nitrogen. RNA extraction :
Mixer mill RNA purification method 5Tumour tissue is
removed from RNALater and added to a TriPure Isolation
Reagent (Roche, Vilvoorde, Belgium). The tissue is
then added to a Mixer Mill containing tungsten balls.
Following disruption in the Mixer Mill, total cellular
RNA was extracted from a maximum of 100 mg of tissue
using the TriPure reagent according to the
manufacturer's instructions (Qiagen, Venlo,
Netherlands). RNA concentration was determined from
the optical density value at 260 nm. 10 MAGE-A3 TaqMan
RT-PCR assay -frozen tissue. cDNA corresponding to 50
ng of total RNA was amplified by PCR in a 25 gl
mixture containing TaqMan buffer, 5mM MgCl2, 0.4 mM
dUTP, 0.2 mM of each nucleotide, 0.625 U of Ampli Taq
Gold DNA polymerase, 0.05 U of UNG, 0.2gM of each
oligonucleotide primers and 0.2 gM of a 15TaqMan
probe. Specific oligonucleotide primers and probes
were used (Table 2; SEQ IDs 3, 4 and 13 and SEQ His 5,
6 and 14. The probes are labelled with the dyes FAMTm,
NEDTm and Vie" (Applied Biosystems, CA, USA) and have
a Minor Groove Binding Moiety (MGel; also from Applied
Biosystems, CA, USA). Further experiments are now
being carried out using the dye FAM instead of NED for
the MAGE specific probes. 20 MAGE-A3 exon and
beta-actin genes were amplified by quantitative PCR
using TaqMan chemistry on the 7700 or 7900 system (PE
Applied Biosystems, Warrington, UK). PCR amplification
was also performed in an intron of MAGE-A3 gene to
check the absence of genomic DNA contamination. The
amplification profile was 1 cycle of 2 min at 50C, 1
cycle of 12 min at 95C 25and 35 cycles of 15 s at 95C
and 1 min at 60C. The fluorescent signal generated by
the degradation of the TaqMan probe was detected in
real-time during all elongation steps. Validation of
the TaqMan RT-PCR assay to determine specificity for
MAGE-A3      Primers: SEQ ID NO: 3 and SEQ ID NO:4;
Probe: SEQ ID NO: 13 (exon) - Taqman RT-PCR 30
Primers: SEQ ID NO: 1 and SEQ ID NO:2
(semi-quantitative PCR - for comparison studies)
Plasmids and cell lines Plasmids employed contained
the fitll length cDNA of the genes MAGE-Al (MAGE-1;
Genbank accession NM 004988), MAGE-A2 (MAGE-2; Genbank
accession LI 8920), MAGE-A3 (MAGE- 35 A3; Genbank
accession NM 005362), MAGE-A4 (MAGE-4; Genbank
accession 002362), MAGE- A6 (1VIAGE-6; Genbank
accession NM 005363), MAGE-A8 (MAGE-8; Genbank
accession NM 005364), MAGE-A9 (MAGE-9; Genbank
accession NM 005365), MAGE-A10 (MAGE-10; 



WO 20071147876PCT/EP20071056219 Genbank accession NM
021048), MAGE-Al 1 (MAGE-11; Genbank accession NM
005366) and MAGE-Al2 (MAGE-12; Genbank accession NM
005367). The cell lines MZ-2-3.0 (MAGE-A3 positive)
and LB 23-1/2 (MAGE-A3 negative) were a kind gift from
Professor Thierry Boon, Ludwig institute, Brussels,
Belgium. 5The specificity of the MAGE-A3 TaqMan method
was tested using 1x104, 1x105, and lx106 copies of
plasmids containing the full length cDNA of MAGE-AL 2,
3, 4, 6, 8, 9, 10, 11 and 12 genes. A sequence
comparison of the MAGE A genes (MAGE 1, 2, 3, 4, 6, 8,
9, 10, 11 and 12) at the area of the designed MAGE-A3
PCR primers and probes is shown on Figure 14. The
sequences of the 10 forward and reverse MAGE-A3
primers are underlined; the sequence of the MAGE-A3
probe is boxed. The reverse primers are complementary
to the region of the sequence they recognise, ie. A is
T; G is C; T is A; and C is G.   MA GE-AS TaqMan
RT-PCR Positive controls: (i) A fragment of MAGE-A3
genomic DNA and (ii) 15 known amounts of RNA extracted
from the Gerl cell line MZ-2-3.0 (a melanoma cell line
positive for MAGE-A3). MAGE-A3 TaqMan RT-PCR Negative
controls: (i) RNA extracted from cell culture LB
23-1/2, known to be MAGE-A3 negative, (ii) water blank
in the RT reaction, and (iii) water blank in the 20
PCR steps. 40 cycles of RT-PCR are performed. The
negative control must be 35. Some of the results of
the TaqMan experiments have been represented as 1/Ct.
Statistics: Comparison of the Two PCR Techniques A 2 x
2 contingency table was created to compare the results
from semi-quantitative RT-PCR 25 (primers of SEQ ID
NO:1 and SEQ ID NO:2) and real-time quantitative
Taqman PCR (Primers: SEQ ID NO: 3 and SEQ ID NO:4;
Probe: SEQ 1D NO: 13), using techniques described
herein (Table 3). The nominal scale variable featured
two values: positive and negative. The negative values
included zero and borderline ratings; by borderline
rating is meant the rating is between 0.8% and 1.2%
Gerl from the semi-quantitative RT-PCR and all results
below 1% from the 30TaqMan assay. The positive values
were graded based on visible scoring of the gel bands
in relation to beta-actin expression for the
semi-quantitative RT-PCR method and included all
results from the TaqMan assay. The agreement between
both methods was calculated as the number of double
negative plus double positive samples divided by the
total number of samples. The McNemar test was used to
compare proportions of discordant pairs
(negative-positive). Confidence 35intervals (CI) were
calculated.  WO 2007/147876PCT/EP2007/056219
Optimization of the Quantitative, TaqMan RT-PCR TagMan
RT-PCR for MAGE-A3 using Sybr green. Sybr green is a
component which binds amplicons non-selectively,
without a sequence specific probe. Real-time RT-PCR
was carried out on the gene clones of the MAGE-A
family, using four 5different dilutions of the MAGE-A
clones (20 pg, 2 pg. 0.2 pg and 0.02 pg) (Figure 1,
where results 



are shown as 1/CT on the Y-axis). A positive result
was obtained for MAGE-A3 at 14 Ct and a value of 16 Ct
was obtained for MAGE-A6 (at 20 pg of plasmids). MAGE
A4, A8 and A9 showed a Ct level of 30 and the other
MAGE genes showed very limited expression at 35 Ct and
above. 10 TaqMan RT-PCR for MAGE-A3 using
sequence-specific probe. Using the same MAGE-A3
primers (SEQ ID 3 and 4) but with a probe (SEQ ID No
13), the effectiveness to discriminate MAGE-A3 from A6
was tested using different dilutions of the relevant
clones of MAGE-A family members (Figure 2). Firstly,
MAGE-A3 Ct had an expected decrease in each of the
dilutions. The MAGE-A6 clone does not show a high 1/Ct
when a probe is 15used, indicating no cross
reactivity. The spiking of 1 x 106 MAGE-A6 plasmid to
the dilution of the MAGE-A3 plasmid, as shown in
Figure 3, does not have any effect and the result
mirrors the MAGE-A3 plasmid titration result. This
shows no competitive effect of MAGE-A6 in the presence
of MAGE-A3 using TaqMan PCR. 20 Results Tumour
Expression of MAGE-A3, comparison of semi-quantitative
and quantitative methods The TaqMan-specific
quantitative PCR was further validated against the
standard semi-quantitative RT-PCR for MAGE-A3 (using
primers SEQ ID No 1 and 2). 71 tumour samples from
NSCLC 25 patients were used to compare directly
between quantitative (using primers SEQ ID NO: 3 and 4
and probe SEQ ID NO: 13) and semi-quantitative methods
of MAGE-A3 expression (using primers SEQ ID NO:1 and
2). The results indicate a good concordance of 95.8%
(Table 3) between the two methods with 68/71 in 30
agreement. The quantitative TaqMan RT-PCR and the
semi-quantitative RT-PCR assay were discordant for
three samples, in which the Semi-quantitative RT-PCR
assay overestimated the positivity of the results.
However, the McNemar test revealed a symmetric
repartition of these three discordant results
(p=0.25), indicating that neither technique tended to
produce more discordant results compared to the other
technique. On closer investigation, the variable level
of beta-actin 35expression on these samples resulted
in a false positive for the semi-quantitative RT-PCR
method.  WO 2007/147876PCT/EP2007/056219 A box plot
(Figure 4) was used to represent the dispersion of the
TaqMan PCR data for each class defined for the
Semi-quantitative RT-PCR. Although the concordance
between both methods, based on the 2 x 2 contingency
table, was excellent, the box plots revealed some
overlap between the different classes, indicating that
the semi-quantitative rating did not completely
coincide with the 5 quantitative TaqMan RT-PCR
measurement. The overlap may be due to the fact that
the rating was performed by different operators at
different occasions, which may increase the
variability. In that sense, the quantitative TaqMan
RT-PCR assay is much more independent of those factors
and hence more reproducible. 10EXAMPLE 3:Analysis of
paraffin-fixed tissue (FFPE) by RT-PCR MATERIALS AND
METHODS RNA was extracted from FFPE samples using a
proprietary method of Response Genetics Inc., as
15disclosed in US patents US6,613,518; U56,610,488;
U56,428,963; 1156,248,535, incorporated herein by
reference. Alternatively RNA may be obtained from
paraffin-fixed tissue according to any suitable
published method. For example, tissue sections may be
removed from paraffin using dlimonene or another lysis
buffer and then washed in an ethanol-based solution.
The sections may then be treated with proteinase K
ovt,iiiight and then washed and the RNA may be
purified using 



20 column chromatography. Real-time Taqman RT-PCR was
performed on the samples using primers SEQ ID NO: 3
and SEQ ID NO:4 and probe SEQ ID NO: 13; primers and
probes developed for use in frozen tissue (see Example
2, above). RESULTS: Mage A3 expression 25Table 4 shows
results expressed as Ct values, for the
Formalin-Fixed, Paraffin-Embedded (FFPE) tissue. The
numbers of the Y-axis represent Human tumor samples
990118-990784. Also included in the analysis were
positive controls: TC1 (Mage3); Gerl (MAGE-A3 melanoma
cell line); and CRL 1675 (melanoma cell line). The Ct
values are higher than what would be expected for
frozen tissue based semi-quantitative RT-PCR MAGE-A3
primers The level of 36-37 Ct is considered 30 the
uppermost limit of sensitivity for the purpose of
these experiments. The Gerl MAGE-A3 positive control
is at 31 Ct and just within the sensitivity limit but
greatly reduced from the semi-quantitative RT-PCR
assay. With these levels the primers and probe for
MAGE-A3 quantification in frozen tissue (Table 2, exon
3 MAGE-A3 specific primers SEQ ID NO:3 and SEQ ID NO:4
and probe SEQ ID NO: 13) may not be sensitive enough
to detect MAGE-A3 expression within FFPE- 35 tumour
samples: samples that are MAGE-A3 positive but only
express MAGE-A3 at low levels may not be detected.  WO
2007/147876PCT/EP2007/056219 Samples of positive
controls from FFPE tissue were included in the
experiment: TC1 (Mage3) and Gerl (MAGE-A3 positive
control) and CRL 1675. Human tumors 990118-990784 were
analysed by Taqman quantitative RT-PCR using the
frozen tissue primers SEQ ID NO: 3 and SEQ ID NO: 4
and probe SEQ ID NO: 13 using RNA from paraffin
tissue. The result of this analysis is shown in
5Figure 5. Redesigning of MAGE-A3 TaqMan primers for
use in FFPE tissue The size of the amplicon for the
frozen tissue RNALater based MAGE-A3 assay, (described
in example 2) is over 100bp. In order to obtain more
sensitive results for degraded RNA found in 10FFPE
samples, new primers were designed to reduce the size
of the amplicon, in order to increase the sensitivity
of the MAGE-A3 assay (Table 5). For both the assays
described in Examples 2 and 3 an MGHrm (Minor Groove
Binding) probe was used to increase the specificity of
the assays The MOB probe binds into the minor groove
of the DNA forming a extremely stable duplex resulting
in an increase in primer specificity 15 Testing of the
new MAGE-A3 primers for specificity and sensitivity
The newly designed primers sets (Table 5) were tested
on the cDNA of Mage-A gene family members (Figure 6a),
in which Set 1 is primers: SEQNO:7, SEQ ID NO:8,
probe: SEQ ID NO:15; Set 2 is primers: SEQ ID NO:9,
SEQ ID NO:10, probe: SEQ ID NO:16; Set 3 is primers:
20 SEQ ID NO:11, SEQ ID NO:12, probe: SEQ ID NO:17;
and Set 4 is primers: SEQ ID NO:3, SEQ ID NO:4, probe:
SEQ ID NO:13. As shown in Figure 6a, the primers SEQ
ID NO: 7 and 8 have high Ct levels for MAGE-A3 but
also for Mage-2 and Mage-12. The primers SEQ ID NO: 9
and 10 have high Ct levels for MAGE- 25 A3 and a
slight Ct for MAGE-A6 but this is out with the normal
range of MAGE-A3 expression. The primers SEQ ID NO: 11
and 12 are slightly less sensitive than SEQ ID NO: 9
and 10. Thus, in the present experiments, the primers
SEQ ID NO: 9 and 10 were chosen to be further tested
in FFPE tissue. These SEQ ID NO: 9 and 10 primers were
further tested in a serial dilution of RNA and showed
good linear range until the lower dilutions,
suggesting the primers should have a good
30sensitivity and are suitable for the assay (Figure
6b). Comparison of frozen vs. FFPE TaqMan assays for
MAGE-A3 



Forty two FFPE tumour samples were compared using
primers SEQ ID NO: 9, SEQ ID NO: 10 and 35 probe SEQ
ID NO: 16 with the same assay completed in frozen
tissue using primers SEQ ID NO: 3, SEQ ID NO: 4 and
probe SEQ ID NO: 13 (Figure 7). The level of
positivity of the assay is set at 1% gerl (positive
control) and comparing directly there seems to be some
concordance between the  WO
2007/147876PCT/EP2007/056219 two assays There are some
MAGE-A3 positive patients MAGE-A3 that did not agree
with the MAGE-A3 frozen tissue assay; this could be
explained by the macro dissection of the tumoral areas
causing an increase in the purity of tumour cells
which express the MAGE-A3. The removal of most of the
diluting normal cells caused a positive MAGE-A3 result
An R2 value (statistical test for 5linear correlation)
of 0.92 was shown between the FFPE tissueand the RNA
later frozen tissue suggesting a good correlation
between the two methods (Figure 8) EXAMPLE 4- COBASTm
Taqman MAGE-A3 test 10 Table 7 COBASTM TaqMan MAGE-A3
Primer and Probe Sequences  COBASTm TaqMan MAGE-A3
Primer Sequences  MAGEA3f-623F: (HW_MAGEA3_F; SEQ ID
NO: 11) 5 ' TGTCGTCGGAAATTGGCAGTAT 3 '  MAGEA3f-
697R:(HW_MAGEA3_R; SEQ ID NO: 12) 5'
CAAAGACCAGCTGCAAGGAACT 3 '  COBASTm TaqMan MAGE- 3
Probe Sequence  MAGEA3F-646M0D SEQ ID NO: 53 



5! -ELFLLLFFLQGLGALFLLFAGFAAAGFLLFP- 3 '      E= FAM
Reporter Dye, F= 5-Methyl dC, Q = BHQ2 Quencher, L =
5-Propynyl dU, 15 P= Phosphate, I = HEX Reporter
MAGEA3F-646M0D probe sequence comprises the following
modified nucleotides (SEQ ID NO:54): 5' -
TCTTTCCTGTGATCTTCAGCAAAGCTTC - 3' 20 Table 8 COBAS
TaqMan beta-actin Primer and Probe Sequences  TaqMan
beta-actin Primer Sequences RGI_BACT_F2: (SEQ ID NO:
55) 5 ' -GAGCGCGGCTACAGCTT- 3 ' RGI_BACT_R2: (SEQ ID
NO:56) 5 ' -TCCTTAATGTCACGCACGATTT- 3 ' TaqMan
beta-actin Probe Se uence IIW_RGIBACT_II: (SEQ ID
NO:57) 5 ' -IACCACCAQCGGCCGAGCGGP - 3 ' 25 E= FAM
Reporter Dye, F= 5-Methyl dC, Q = BHQ2 Quencher, L =
5-Propynyl dU, P= Phosphate, I = HEX Reporter Table 9
Sample & Control Valid CT range  WO
2007/147876PCT/EP2007/056219 Controls 



Valid Ct Range FFPET Sample Mage Gene 5Ong FAM <35.2
FFPET Sample Bactin Gene 50n HEX <32.1 100% Gerl Mage
Gene 5Ong FAM 26.0-29.5 100% Gerl Bactin Gene 5Ong HEX
24.0-27.0 1% Gerl Mage Gene 0.5ng FAM 33.0-35.5 1%
Gerl Bactin Gene 0.5ng HEX 29.0-32.5 100% UHR Mage
Gene 5Ong PAM 25.0-28.0 100% UHR Bactin Gene 5Ong HEX
22.0-25.0 1% UHR Mage Gene 0.5ng PAM 31.0-33.0 1% UHR
Bactin Gene 0.5ng HEX 27.0-29.0 P53 Positive Control
DNA 2Ong FAM 26.5-29.0 Negative Control (NC) >38.0 



Table 10 Thermal cycling profile Pelt Thermal Steps
Description Temperature Time  Cycle number 1 UNG
Decontamination 50C 5 min.  IX  Denaturation 95C 15
sec.   2   



2X  Annealing 63C 25 sec.   3 4 Denaturation 92C 15
sec.  53X IX  Annealing Post Cycle 63C 40C 50 sec. 2
min.   



5 Table 11 RT-PCR Thermal Profile for Linearity and
RT-PCR Efficiency, Analytical Sensitivity (Limit of
Detection), Method Correlation, and Reproducibility
Experiments Steps Description Temperature Time Cycle
number 1 UNG Decontamination 50C 5 min. IX 2
Denaturation 95C 1 min. lx 3 



Reverse Transcription 60C 20 min. IX 4 Denaturation
95C 15 sec. 2X  Annealing 63C 25 sec.  6 Denaturation
92C 15 sec. 53X  Annealing 63C 50 sec.  7 



Post Cycle 40C 2 min. lx       Relatively high anneal
temperature of 63C was implemented to improve MAGE-A3
specificity 10 relative to the other MAGE-A family
members. Data Analysis  WO
2007/147876PCT/EP2007/056219 Ct values for MAGE-A3 and
13-actin are calculated using AMPLILINKTm 3.1 software
(Roche, CA, USA) on the COBASTM TaqMan 48 Analyzer
workstation (Roche, CA, USA) based on assay parameters
defined in the Test Definition File. Data analysis for
gene expression will be performed by extracting the Ct
values for MAGE-A3 and 0-actin from AMPLILINKDA for
downstream 5calculations to determine MAGE-A3 gene
expression relative to the 0-actin gene. For each run,
controls will be included to establish the threshold
MACE-A3 expression level that needs to be met or
exceeded in order for the sample to be called MAGE-A3
positive. As a positive control, RNA from the cell
line GERL is used. GERL RNA is diluted 1:100 (1% GERL)
in water and the MAGE-A3 Ct was determined. In
addition, undiluted GERL RNA (100% GERL) is tested
with no 10dilution for 3-actin Ct measurement. A delta
Ct value between P-actin Ct from the 100% GERL control
minus the MAGE-A3 Ct from the 1% GERL control is
calculated and relative expression of MAGE-A3
determined based on the calculation below:
:1i4A3E:4344;TItreShOIMEXPreSSiMi
'1.04i1:00,GERVit:KW:EtMtN,-*:::,,,GEME  For paraffin
embedded samples, the same control strategy. will be
used except that RNA from 15 ',(3ERLFFFEXeriografr
extracted usiiig. eQYAGEN:EEPE thethoilWillmplace the
GERI, cell bite RNA for the tstabliSlunent oflueshold
expression a multiplex reaction, MACE-A3 and f3-actin
Ct MAGE-A3 relative expression is calculated for    



20MAGE.4A3 EXtOSSiOftjftteStEXaMplet2.  - MAGE:A3 Ct
from sample)  if MAClB-AS Expresson in the test sample
is greater than or equal to that of the MAGE-A3
threshold level established from the GERL RNA
Controls, than the sample is called positive for
MACIE-A3 If MACE-AS Expression innegative for
9ertli.:0NtAA03.40t1t0:$11-01:0;':
leverestablishertfriniiIneCopirplggipm:Wpi:S:71pite*es
nect 25 MACE AS expression willnniderenpineallir
takingEE" enirongnotnlifARmo. t and 13-ac values tom
the replicates for each specimen for
the.EvaWiii4Ok0f401",:gto:Actwot MACE AS
c*H.:Ifiii*tOljaw:bos*NiApwAxpi*,:fkaot-o!"10-41.4.44;
:ft:gtorpffigfb*st;j1,4gp;r::
OgierppljporbpsInl!NT.:Aw-miCt
or.:].j3:iaotwetteeoto:044-04:cthe sample
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naR Reference Total RNA (DIRD  ,PCR Human n pr For the
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characterized RNA. Diluted UDR they be tested With
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Sample and Reagent Storage Conditions All RNA and DNA
including plasmids, P53 positive control DNA, clinical
FEPET RNA, UHR, 10 GERL, and STAC are stored at -80C.
All test reagents including Universal RNA Master Mix,
primer/probe mix, co-factor blend, and sample
diluent/negative control are stored at 2-8C. MAGE-A3
Exclusivity 15 Experimental testing of primers and
probes with DNA plasmids containing MAGE-A family
members 



Purpose: To determine the ability of the test to
specifically amplify the MAGE-A3 gene while excluding
significant co-amplification/detection of other
related genes. 20 Sample material: Plasmid DNA
containing MAGE-A3 and related family members will be
tested (for details of plasmids see Example 2, above).
Procedure: Experimental testing of the COBAS TaqMan
MAGE-A3 Test using DNA plasmids containing MAGE-A
family members to determine if related genes are
amplified and detected in 25significant amounts. Each
plasmid DNA sample was tested in triplicate at four
different DNA concentrations (20, 2, 0.2, 0.02 pg).
Thermal Cycling profile shown in Table 10 was modified
to remove the reverse transcription step at 60C for 20
minutes. Concentration of plasmid DNA was determined
by 30 Nanodrop analysis. Analysis: Ct values for
MAGE-A3 plasmid were determined and compared with Ct
values from MAGE-AL MAGE-A2, MAGE-A4, MAGE-A6,
MAGE-A8, MAGE-A9, MAGE-A10, MAGE-Al 1, and 35 MAGE-Al2
plasmids. Delta Ct was calculated by subtracting the
MAGE-AX Ct (each related  WO
2007/147876PCTXP2007/056219 family member ) by the
MAGE-A3 Ct. Ct average values from four replicates was
used for the calculations of Ct and delta Ct
Acceptance Criteria: 5Delta Ct Values must be greater
than equal to 10 between MACE- A3 and all other
plasmids except MAGE-A6. MACE-A3 Exclusivity Results
In Tables and Figures herein, on some occasions the
term "CURIE" is used in place of "MACE"; 10however,
the term "MACE" is intended in all instances. Ct
values are shown for all MACE plasmids tested in Table
12 and Figure 17 shown below. For plasmids where there
was no amplification, a Ct value of 55 was assigned
since there are 55 cycles in the thermal cycling
profile. As expected, MAGE-A3 Cts are the earliest for
all levels tested 15(Table 12 and Figure 17). Delta Ct
Values were greater than 10 cycles between MACE- A3
and all other plasmids except MACE-A6 (Table 13 and
Figure 18). A Delta Ct between MAGE-A3 and MAGE-A6 was
not required since 95% of the patients that express
MAGE-A6, also express MAGE-A3. 20 Delta Ct between
MAGE-A3 and MAGE-A6 for 20 pg, 2 pg, 0.2 pg and 0.02
pg of plasmid DNA input was 9.3, 8.4, 7.8, and 8.2
cycles, respectively. Since most MAGE-A3 Ct values for
RNA from FFPE samples was shown to be greater than
27.2 for FFPE samples tested, signal from MACE-A6 will
be minimal since a delay of 8.2 cycles would generate
a Ct value outside of the range of the assay.
25Acceptance Criteria for exclusivity were met. Table
14 shows MAGE-A3 Exclusivity Experiment Validation;
control Cts were within validated range. Experiment
passed validation. Tables 15 and 16 show MACE-A3
Exclusivity Experiment details. 30 



Linearity and RT-PCR Efficiency Purpose: To determine
the linearity and reverse transcription efficiency of
the Test.      Sample material: Serial dilutions of
FFPE Xenograft GERL RNA were used for linearity and
RT35PCR efficiencies studies.  WO
2007/147876PCT/EP2007/056219 Procedure: FFPE Xenograft
GERL RNA was 2-fold serial diluted from 100 ng to 0.1
ng and tested using the COBAS TaqMan MAGE-A3 Test to
determine the linear range of the assay. Ten
replicates were tested at each concentration level.
5Analysis: Ct values for each replicate for both
MAGE-A3 and 3-actin were plotted versus log (base 2)
of input concentration of RNA to calculate the slope
of the line and the efficiencies of RT-PCR. RTPCR
amplification efficiency was calculated using the
equation: 10Slope = -1/log (base 2) * Amplification
Efficiency (AE). Amplification Efficiency of 2 is
equivalent to 100%. Delta Ct values (MAGE-A3 Ct -
3-actin Ct) for each replicate was plotted versus log
(base 2) of input concentration of RNA to determine
the Delta Ct slope. Averages, standard deviation and
percent coefficient of variaition 15(%CV) for MAGE-A3
Ct, 3-actin Ct and Delta Ct were calculated from all
ten replicates Acceptance Criteria Linearity: Linear
range of the assay was determined based on the
following criteria: MAGE-A3 Ct CV <5% 20 -actin Ct CV
< 5% Delta Ct CV < 20% -0.10 < Delta Ct slope < 0.10
R2 >0.95 Acceptance Criteria RT-PCR Efficiency: 25
MAGE-A3 RT-PCR Amplification Efficiency > 80 %
13-actin RT-PCR Amplification Efficiency > 80 % RT-PCR
Amplification Efficiency difference between MAGE-A3
and 13-actin within 10 % Linearity / RT-PCR Efficiency
Results 30 Figure 20 shows a graph with log (base 2)
of RNA input versus Ct values for MAGE-A3 and
13-actin. The COBAS TaqMan MAGE-A3 Test is linear
between input values of 100 - 0.1 ng of 



GERL RNA extracted from FFPE Xenograft using the
QTAGEN method based on R2 values. R.2 values were
0.983 for MAGE-A3 and 0.998 for 3-actin. These values
are above the specification of R2 >0.95. In addition,
both MAGE-A3 and 3-actin Ct for all 10 replicates at
each level tested 35are below the specification of CV
< 5 % as shown in Table 17.  WO
2007/147876PCT/EP2007/056219 The RT-PCR amplification
efficiency of MAGE-A3 and ft-actin was calculated from
the slope of the line generated from plotting log
(base 2) of RNA input versus Ct values for MAGE-A3 and
ft- actin shown in Figure 19. The amplification
efficiency of RT-PCR can be calculated using the
following equation: 5 Slope = -1/Log(base2) *
Amplification Efficiency (AE).    Amplification
efficiency for was 2.14 (107 %) and 2.06 (103.1%) for
MAGE-A3 and ft-actin, respectively. AE was above the
specification of 80% for MAGE-A3 and ft-actin. The
difference in 10 AE between the two genes was 3.9 %,
which was also within the specification oft 10 %.
Figure 20 shows a graph with log (base 2) of RNA input
versus Delta Ct between MAGE-A3 and 13-actin. Delta Ct
slope is 0.0474, well within the slope specification
of -0.10 to 0.10. At the two lowest levels of RNA
input tested (0.2 & 0.1 ng), the %CV for Delta Ct was
above the specification 15of 20%. As a result, the
last two RNA input levels were not included in the
linear range of the assay. The linear range of the
assay using GERL Xenograft RNA is 100 ng - 0.39 ng of
RNA. Based on these data, acceptance Criteria for
linearity and RT-PCR efficiency were met. 20 Table 18
shows RT-PCR Amplification Efficiency of MAGE-A3 and
ft-actin; Table 19 is Linearity / RT-PCR Efficiency
Experiment Validation Control Cts were within
validated range. Experiment passed validation. 25
Tables 20, 21 and 22 provide Linearity / RT-PCR
Efficiency Experiment Details Analytical Sensitivity
(Limit of Detection) Purpose: To establish the lowest
concentration RNA where MAGE-A3 gene expression can be
detected by the COBASIm TaqMan MAGE-A3 Test at least
95% of the time. 30 Sample material: Analytical
sensitivity was evaluated using RNA isolated from FFPE
Xenograft tissue using the QIAGEN RNeasy FFPE Kit with
additional DNase step. RNA was extracted from two FFPE
xenografts derived from two different RNA cell lines.
One Xenograft referred to as GERL expresses MAGE-A3.
The other Xeno graft referred to as STAC does not
express MAGEA3. RNA from these two Xenografts were
used for mixture experiments in order to test 5% GERL
35 RNA in a background of 95% STAC RNA, 1% GERL RNA in
a background of 99% STAC RNA, and 0.5% GERL RNA in a
background of 99.5% STAC RNA. These three different
mixtures of GERL and STAC RNA were tested at four
different total RNA levels.  



WO 2007/147876PCT/EP2007/056219 Procedure: Twenty-four
test results were generated from 4 independent
dilutions series of GERL and STAC RNA mixtures. Four
levels of RNA input were tested (100, 50, 25, and 12.5
ng). Six replicates for each level was tested.
Analysis: Determine of the level of RNA at which > 95%
positivity rate for MAGE-A3 is obtained 5based on Ct
value within the validated range of the assay.
Acceptance Criteria: LOD < 50 ng input Total RNA for
detection of 1% GERL Limit of Detection Results Hit
rate is defined as Ct value within the linear range of
the assay based on linearity experiments 10described
in this report. To determine the end of the Ct range,
the MAGE-A3 and [3-actin Cts from the 0.39 ng RNA
input level from the linearity study (end of linear
range) were avenged and 95% confidence limits were
calculated for the MAGE-A3 and 0-actin Os. Based on
these calculations, MAGE-A3 Ct must be less than or
equal to 35.2 and fI-actin Ct must be less than 32.1
for the sample to be considered a hit. Hit rates for
MAGE-A3 and 0-actin are shown in Table 23 and Table
1525. Hit rate percentages for MAGE-A3 and 13-actin
are shown in Table 24 and Table 26. Limit of Detection
is 50 ng input RNA where 1% GERL RNA diluted in 99%
STAC RNA is detected > 95 % of the time based on
MAGE-A3 Ct falling within the validated range of the
assay. Acceptance Criteria for Analytical Sensitivity
(Limit of Detection) are met. 20 Limit of Detection
Experiment Validation. MAGE Gene FAM Control Cts are
shown in Table 27; I3-actin HEX Control Cts are shown
in Table 28. Control Cts are within validated range.
Experiment passed validation. 25Table 29; Table 30;
and Table 31 show Limit of Detection Experiment
Details Method Correlation Purpose: To correlate and
cross validate the COBASThl TaqMan MAGE-A3 Test and a
Prototype Assay on clinical FFPET samples. 30Sample
material: Approximately 120 clinical FFPET samples of
adequate quality were analyzed using the the COBAS
TaqMan MAGE-A3 Test and using the Prototype Assay.
Procedure: RNA was extracted using the QIAGENTm RNeasy
FFPE Kit with additional DNase Step. One extraction
was performed for each FFPET sample, the sample was
split and one aliquot 35 was tested by COBAS TaqMan
MAGE-A3 Test and one aliquot was tested using the
prototype assay. Identical controls were run for both
assays to establish the MAGE-A3 expression threshold.
WO 2007/147876PCT/EP2007/056219 Analysis: The MAGE-A3
call for each sample was reported as postive or
negative based on the MAGE-A3 expression threshold
generated by the GERL RNA controls. Results between
the two assays were compared to establish the positive
and negative by comparator percent agreement values of
the 5 RMS test. 



For percent agreement calculations, results obtained
previously using a two step RT-PCR assay for frozen
tissue was used to resolve discordant results. 10
Positive by Comparator Percent Agreement = # of
samples correctly called MAGE-A3 expressor / # number
of samples tested * 100 Negative by Comparator Percent
Agreement = # of samples correctly called MAGE-A3
nonexpressor/ #number of samples tested * 100 15
Acceptance Criteria: Positive by Comparator Percent
Agreement > 85% Negative by Comparator Percent
Agreement > 85% 20Cross-validation of clinical
specimens from a NSCLC clinical trial was performed to
assess the positive and negative by comparator percent
agreement of the COBAS TaqMan MAGE-A3 Test. The
MAGE-A3 prototype RT-PCR assay was used as a
comparator for these studies. In the event of
discordance between results, previous results
generated from the same sample as fresh frozen tissue
that was not manually micro-dissected would be used
for discordant result resolution. 25 Using the QIAGEN
RNeasy FFPE method with the DNase I digestion step,
RNA was extracted from 131 manually micro-dissected
clinical FFPE specimens Each sample was then divided
equally between RMS and RIM for testing using the RMS
COBAS TaqMan MAGE-A3 Test and the RG1 prototype assay
Data analysis was performed as described in Section 3,
in this report 30 where MAGE-A3 expression threshold
was determined based on the 1% GERL RNA control.
Method Correlation / Cross Validation Results RNA
samples were extracted from 131 NSCLC FFPE clinical
specimens. Seven samples had genomic DNA contamination
greater than 25% based on the RGI's RT control
reaction. These 35samples were excluded from the
positive and negative by comparator percent agreement
calculations. Additionally, there were 6 indeterminate
results from the COBAS assay and 15 from the prototype
assay where either the sample did not have enough
material based on 0-actin Ct  WO
2007/147876PCT/EP20071056219 outside the linear range
of the assay or MAGE-A3 expression for the sample was
above the threshold, but the MAGE-A3 Ct was outside
the linear range. As a result, there were 117 results
from the COBAS assay and 108 results from the
prototype assay with data that could be used for the
cross-validation to compare the two different tests
(Table 32). The overall concordance between 5the COBAS
and prototype assays was 98/107 or 91.6 % (Table 33).
The positive by comparator percent agreement of the
COBAS test using the prototype assay as the "gold
standard" was 59/ 64 or 92.2 %, while negative by
comparator percent agreement was 39/43 or 90.7 %
(Table 33). In the case of discordant results between
the COBAS and prototype assays, results generated by
frozen tissue sample analysis were used to resolve
discordance (Table 34). 10 Of the 9 samples with
discordant results between the COBAS and prototype
assays, 7 demonstrated concordance between the COBAS
and frozen assays and 2 demonstrated concordance
between the 



prototype and frozen assays. As a result when using
the frozen result to resolve discordance, positive by
comparator percent agreement of the COBAS assays
increases to 63/64 or 98.4% and 15negative by
comparator percent agreement increases to 42/43 or
97.7 % (Table 34). The Positive and Negative by
Comparator Percent Agreement of the COBAS TaqMan
MAGE-A3 Test exceeded the specifications of greater
than or equal to 85%. The acceptance criteria for
Positive and Negative by Comparator Percent Agreement
were met. 20 Method Correlation / Cross Validation
Control Validation Experiment Control MAGE Gene Cts
are shown in Table 30; Experiment Control p-actin Gene
Os are shown in Table 31. Control Cts are within
validated range. Experiment passed validation.
25Method Correlation / Cross Validation Experiment
Details are shown in Tables 37, 38 and 39.
Reproducibility Purpose: Demonstrate reproducibility
and robustness of the test across data sets generated
by multiple operators on multiple days with multiple
reagent lots and multiple instruments. 30Sample
material: 12 samples from manually microdissected
NSCLC FFPE Clinical Samples were extracted using the
QIAGEN RNeasy FFPE Kit with DNase I Digestion step and
amplified/ detected using the COBAS TaqMan MAGE-A3
Test. 35Procedure: The study consisted of two
replicates per sample. Two reagent lots were tested
for QIAGEN sample preparation and TaqMan reagents.  WO
2007/147876PCT/EP2007/056219 Experiments were
performed by two different operators on two different
days using two different COBAS TaqMan 48 Analyzers.
Analysis: 5 MAGE-A3 expression for each clinical
specimen was calculated from the average of two RT-PCR
replicates. In addition, MAGE-A3 call was assessed for
every replicate from each sample. Reproducibility was
also based upon comparison of MAGE-A3 gene expression
calculated from the Delta Ct value between MAGE-A3 and
the p-actin gene. Comparison between MAGE-A3
expression for samples tested with different reagents
lots, instruments, operators and on different 10days
was performed using Pearson Correlation. Acceptance
Criteria: > 90 % MAGE-A3 call concordance between
samples that are at least 3X the Limit of Detection of
the the test (3% GERL) from run to run and within run
replicates. 15 Pearson Correlation > 90% between
samples 



Reproducibility Results MAGE-A3 Expression Threshold
is the cutoff level of MAGE-A3 expression that
determines if a patient will receive a MAGE-A3
specific immunotherapy. Patients with MAGE-A3
expression 20equal to or above the threshold will have
a MAGE-A3 positive call and receive treatment.
Patients with MAGE-A3 expression below the threshold
will have a MAGE-A3 negative call and not receive
treatment. Reproducibility studies of the test were
based on the MAGE-A3 expression call for each specimen
using the following equations:     MAGE-A3 Expression
Threshold = 2^ (I3-actin Ct of 100% GERL Control -
MAGE-A3 Ct 1% 25 GERL Control) MAGE-A3 Expression for
clinical specimen =2^ (13-actin Ct of specimen -
MAGE-A3 Ct of specimen) In addition, assay
reproducibility was assessed by comparing the
correlation of MAGE-A3 expression between the two runs
by Pearson Product-Moment Correlation Coefficient (r).
Table 40 30 and Table 37 show the MAGE-A3 expression
threshold generated from the GERL RNA controls tested
with Run 1 and 2 based on delta Ct between 13-actin
and MAGE-A3. Table 41 and Table 43 show the MAGE-A3
call for each of the 12 specimens tested in Runs 1 and
2.     Table 42 shows Run 2- MAGE-A3 Expression
Threshold from GERL RNA Controls; Table 43 35 shows
Run 2 - MAGE-A3 Expression Call for Reproducibility
Specimens  WO 20071147876PCT1EP20071056219 For all
samples tested, there was 100% correlation for MAGE-A3
expression call between the two runs. In addition,
assay reproducibility was assessed by comparing the
correlation of MAGE-A3 expression between the two runs
by Pearson Product-Moment Correlation Coefficient (r).
Pearson Correlation Coefficient was 0.987 when
comparing MAGE-A3 Expression between the two
5different runs. Acceptance Criteria for
reproducibility were met. Table 44 shows
Reproducibility Validation; Control Cis are within
validated range. Experiment passed validation. 10
Reproducibility Experiment Details are shown in Tables
45, 46 and 47  CLAIMS       1. A set of primers
consisting of the following pair of primers: SEQ ID
NO: 11 and SEQ ID NO: 12. 2. A probe consisting of:
(a) the nucleotide sequence of SEQ ID NO: 17, having a
fluorescent reporter dye at the 5'end and a
non-fluorescent quencher at the 3' end; or       (b)
SEQ ID NO:53.       3. A kit comprising (i) a primer
consisting of SEQ ID NO: 11; (ii) a primer consisting
of SEQ ID NO:12, and a probe consisting of SEQ ID
NO:17 having 6- carboxyfluorescein at the 5 'end and a
non-fluorescent quencher at the 3' end.       4. A kit
comprising (i) a primer consisting of SEQ ID NO:11;
(ii) a primer consisting of SEQ ID NO:12, and a probe
consisting of SEQ ID NO:53.       5. A method for
determining the presence or absence of MAGE-A3
in_FormalinFixed Paraffin-Embedded tumour tissue,
comprising the step of contacting an isolated
nucleotide sequence obtained or derived from a FFPE
tumour tissue sample with a set of 



primers consisting of SEQ ID NO: 11 and SEQ ID NO: 12,
and a probe according to claim 2.       6. A method of
patient diagnosis comprising the step of contacting an
isolated nucleotide sequence obtained or derived from
a FFPE tumour tissue sample with a set of primers
consisting of SEQ ID NO: 11 and SEQ ID NO: 12, and
a probe according to claim 2 and assessing whether
MAGE-A3 is expressed in the sample.        7. The
method of claim 5 or 6, further comprising the step of
amplifying a nucleotide sequence and detecting in the
sample the amplified nucleotide sequence.       8. The
method of claim 5 , further comprising the step of
determining whether the I isolated nucleotide sequence
hybridises to the primer or probe under stringent
conditions, thereby detecting whether the tumour
tissue is MAGE-A3 positive.       9. The method of
claim 8, further comprising the step of using in situ
hybridisation to detect whether the nucleotide
sequence hybridises to the primer or probe. 




