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DETECTION OF BIOMARKERS FOR NON-SMALL CELL LUNG CANCER

Field of Invention

The invention relates to the detection of biomarkers for Non-Small Cell Lung Cancer
(NSCLC).

Background
Despite technological advances in the area of proteomics research, there are only a

handful of biomarkers that have entered the clinic, and 90% of the biomarkers are protein
biomarkers. Autoantibody biomarkers as described herein are autoantibodies to antigens,
autoantibodies being antibodies which are produced by an individual which are directed
against one or more of the individual’s own proteins (‘self antigens). Some of the main
reasons for failure of biomarkers to make it into clinical practice are:

1) Low sensitivity and specificity of diagnosis of cancerous diseases

2) Low prognostic/predictive value

3) Not important for clinical decision making

4) Original clamsfail validation (false discoveries)

For Non-small cell Lung Cancer (NSCLC), although many individual proteins have been
reported to aid diagnosis and prognosis, very few have demonstrated sufficient value to
be introduced into clinical use. Furthermore, many protein biomarkers discovered in the
serum/plasma samples seem to overlap with other diseases, especially other cancers and

inflammatory diseases.

An am of the invention therefore is to provide an improved panel of autoantibody
biomarkers for the detection of Non-Small Cell Lung Cancer.

Summary of | nvention

In one aspect of the invention, there isprovided amethod for diagnosing Non-Small Cell
Lung Cancer from a sample extracted from a subject, comprising the steps of:
0] testing the sample for the presence of autoantibody biomarkers specific for
Non-Small Cell Lung Cancer;
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(i) determining whether the subject has Non-Small Cell Lung Cancer based on
the detection of said autoantibody biomarkers;
characterised in that the biomarkers are autoantibodies to antigens comprising XAGE1D,
LRRFIP2 and GAGEZ2C.

Advantageoudly the autoantibody biomarkers can be used in the diagnosis of non-small
cell lung cancer.

In one embodiment the sample istested using a panel of antigens that correspond to the
autoantibody  biomarkers. Typically the antigens are biotinylated proteins.
Advantageously the biotinylation ensures that the antigens arefolded intheir correct form
to ensure accuracy of detection by the autoantibody biomarkers.

In one embodiment the antigens further comprise one or more of DDX53, DDX43,
GAGEl, MAGEA10, ZNRD1, MAP2K5, MAGEA4, STAT1, CT47Al1, IGF2BP3,
CTAG2, RAD23B, FADD, PTPN20A, TPM1, CTAGI1A.

It should be noted that not al antigens generate an autoantibody response and it is not
possible to predict apriori which antigens will do so in agiven cancer patient cohort - of
more than 1600 antigens tested, only autoantibodies against the 19 antigens described
above are suitable asbiomarkers in NSCLC. Advantageously some of the 19 antigens are
recognised by autoantibody biomarkers even when the well-known EGFR test for
NSCLC isnegative.

In one embodiment each biotinylated protein isformed from a Biotin Carboxyl Carrier

Protein (BCCP) folding marker which isfused in-frame with the protein.

In one embodiment the biotinylated proteins are bound to a streptavidin-coated substrate.

Advantageoudly full-length proteins are expressed asfusions to the BCCP folding marker
which itself becomes biotinylated in vivo when the fusion partner is correctly folded. By
comparison misfolded fusion partners cause the BCCP to remain in the ‘apo’ (i.e. non-

biotinylated) form such that it cannot attach to a streptavidin substrate. Thus only
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correctly folded fusion proteins become attached to the streptavidin substrate via the
biotin moiety appended to the BCCP tag.

In one embodiment the substrate comprises a glass dlide, biochip, strip, slide, bead,
microtitre plate well, surface plasmon resonance support, microfluidic device, thin film
polymer base layer, hydrogel-forming polymer base layer, or any other device or
technology suitable for detection of antibody-antigen binding.

In one embodiment the substrate is exposed to a sample extracted from a person, such

that autoantibody biomarkers from the sample may bind to the antigens.

Typically the sample comprises any or any combination of exosomes, blood, serum,

plasma, urine, saliva, amniotic fluid, cerebrospinal fluid, breast milk, semen or bile.

Advantageously as exosomes contain membrane-bound proteins that reflect their
originating cell, and in cancer have been shown to be implicated inthe crosstalk between
tumour cells and normal cells thereby facilitating the malignant process, exosomes have
been found to be promising as enriched sources of diagnostic and prognostic markers.
The exosomal autoantibody biomarkers detected using the BCCP folding marker
technology are therefore potentialy superior compared to the majority of serological
biomarkers identified using conventiona approaches.

In one embodiment following exposure to the sample, the substrate is exposed to a
fluorescently-tagged secondary antibody to allow the amount of any autoantibodies from
the sample bound to the antigens on the panel to be determined. Typically the secondary
antibody is anti-human IgG, but it will be appreciated that other secondary antibodies
could be used, such as anti-IgM, anti-IgGl, anti-lgG2, anti-lIgG3, anti-IgG4 or anti-1gA.

In one embodiment the presence of non-small cell lung cancer corresponds to the relative
or absolute amount of autoantibodies from the sample specifically binding to the antigens.

In one embodiment the method is performed in vitro.
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In afurther aspect of the invention, there isprovided amethod for manufacturing akit for
diagnosing Non-Small Cell Lung Cancer from a sample extracted from a subject,
comprising the steps of:

for each antigen in a panel, cloning a biotin carboxyl carrier protein folding
marker in-frame with a gene encoding the antigen and expressing the resulting
biotinylated antigen;

binding the biotinylated antigens to addressable locations on one or more
streptavidin-coated substrates, thereby forming an antigen array;

such that the amount of autoantibodies from the sample binding to the antigens on
the panel can be determined by exposing the substrate to the sample and measuring the
response;

characterised in that the antigens comprise XAGE1D, LRRFIP2 and GAGE2C.

In one embodiment the antigens further comprise one or more of DDX53, DDX43,
GAGE1l, MAGEA10, ZNRD1, MAP2K5, MAGEA4, STAT1, CT47A1, IGF2BP3,
CTAG2, RAD23B, FADD, PTPN20A, TPM1, CTAGI1A.

In one embodiment the method comprises detecting upregulation/downregulation of one
or more autoantibody biomarkers. Thus the method can be used for monitoring the
response of a subject undergoing chemo/targeted/immuno-therapy for lung cancer and
stratifying the subjects based on their autoantibody profile.

In afurther aspect of the invention there isprovided amethod for detecting non-small cell
lung cancer by exposing acomposition comprising apanel of antigens asherein described
to a sample extracted from aperson, and determining the level of autoantibodies from the

sample binding to the antigens.

In ayet further aspect of the invention there is provided a method for diagnosing non-
small cell lung cancer by exposing acomposition comprising apanel of antigens asherein
described to a sample extracted from a person in vitro, and determining the level of
autoantibodies from the sample binding to the antigens.
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In further aspect of the invention, there is provided a composition comprising apanel of
antigens for detecting non-small cell lung cancer, characterised in that the antigens
comprise XAGE1D, LRRFIP2 and GAGE2C

In one embodiment the antigens further comprise one or more of DDX53, DDX43,
GAGEl, MAGEA10, ZNRD1, MAP2K5, MAGEA4, STAT1, CT47Al1, IGF2BP3,
CTAG2, RAD23B, FADD, PTPN20A, TPM1, CTAGI1A.

In one embodiment the antigens are biotinylated proteins

In one embodiment the amount of one or more exosoma autoantibody biomarkers
binding in vitro to the antigens in a sample from a patient can be measured to determine

the presence of non-small cell lung cancer.

Inyet further aspect of the invention, there isprovided a composition comprising apanel
of exosomal autoantibody biomarkers for detecting non-small cell lung cancer;

wherein the levels of exosomal autoantibody biomarkers are measured in asample
from aNSCLC patient;

characterised in that the exosomal autoantibody biomarkers are selected from
autoantibodies specific for at least X Antigen Family Member 1D (XAGELD), LRR
Binding FLII Interacting Protein 2 (LRRFIP2) and G Antigen 2C (GAGE2C).

Brief Description of Drawings

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention. Other
arrangements of the invention are possible, and consequently the particularity of the
accompanying drawings is not to be understood as superseding the generality of the
preceding description of the invention.

Figure 1illustrates the structure of the E. coli Biotin Carboxyl Carrier Protein domain.
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Figure 2isagraph illustrating variable importance scores across 19 biomarkers identified
from the NSCLC study.

Figure 3 illustrates ROC curves for 19 biomarkers.

Figure 4 is agraph illustrating levels of the autoantibody biomarkers at different stages
of NSCLC.

Figure 5 illustrates a comparison of the levels of the core biomarker panel (XAGELD,
LRRFIP2 and GAGE2C) with respect to EGFR status in patients.

Figure 6illustrates the overall autoantibody profiles of the core set of biomarkers in three
different stages of NSCLC.

Figure 7 illustrates the distinct molecular signatures for the 19 shortlisted biomarkers for
NSCLC patients.

Figure 8illustrates the pPR09 plasmid used as avector.

Figure 9 illustrates the ROC curve for the 19 shortlisted biomarkers for NSCLC
(XAGELD, DDX53, GAGE2C, LRRFIP2, GAGE1, DDX43, MAGEA10, ZNRD1,
STAT1, MAP2K5, MAGEA4, IGF2BP3, FADD, RAD23B, CT47Al1, CTAG2,

PTPN20A, TPM1, CTAG1A).

Figure 10 illustrates the ROC curves for the best panel of 7 biomarkers in the validation
study.

Figure 11illustrates the ROC curves for the 19 biomarkers in the validation study.
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Detailed Description

Materials and Methods

Gene synthesis and cloning. The pPR09 plasmid (see Figure 8 below) was constructed
by standard techniques and consists of a c-myc tag and BCCP protein domain, preceded
by a multi-cloning site. A synthetic gene insert was assembled from synthetic
oligonucleotides and/or PCR products. The fragment was cloned into pPR09 using Spel
and Ncol cloning sites. The plasmid DNA was purified from transformed bacteria and
concentration determined by UV spectroscopy. The final construct was verified by
sequencing. The sequence congruence within the used restriction siteswas 100%. 5ug of
the plasmid preparation was lyophilized for storage.

The recombinant baculoviruses are generated via co-transfection of abacmid carrying the
strong viral polyhedrin promoter together with a transfer vector carrying the coding
sequences of protein of interest, into the Sf9 cell line which is a clonal isolate derived
from the parental Spodoptera frugiperda cell line IPLB-Sf-21-AE. Homologous
recombination initiated by the viral system causes the transfected cells to show signs of
viral cytopathic effect (CPE) within few days of culture incubation. The most common
CPE observed was the significantly enlargement of average cell size, a consequences of
viral progeny propagation. These baculoviruses known as PO were then released into the
culture medium, and viral amplification were doneto generate ahigher titre of PI viruses.

Protein Expression. Expressions were carried out in 24 well blocks using 3ml cultures
containing 6x10 6 Sf9 cells per well. High titre, low passage, viral stocks of recombinant
baculovirus (>107 pfu/ml) were used to infect sf9 insect cells. The infected cells were
then cultured for 72 hours to allow them to produce the recombinant protein of interest.
The cells were washed with PBS, resuspended in buffer, and were frozen in aliquots & -
80°C ready for lysis asrequired. Depending on the transfer vector construct and the nature
of the protein itself, recombinant protein lysate can be pelleted either from the cultured
cell or the cultured medium. Positive recombinant proteins were then analyzed via SDS-
PAGE and Western blot against Streptavidin-HRP antibody. In total, 1630 human

antigens were cloned and expressed using this methodology.
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Array fabrication. HS (hydrogel-streptavidin) slides were purchased from Schott and
used to print the biotinylated proteins. A total of 9 nanoliters of crude protein lysate was
printed on aH S slide in quadruplicate using non-contact piezo printing technology. Print
buffer that have a pH between 7.0 and 7.5 were used. The slides were dried by
centrifugation (200 x g for 5 min) before starting the washing and blocking. The printed
arrays were blocked with solutions containing BSA or casein (concentration: 0.1 mg/ml)
in aphosphate buffer. The pH was adjusted to be between 7.0 and 7.5 and cold solutions
were used (4 °C - 20 °C). Slides were not allowed to dry between washes, and were
protected from light. Intotal, each resultant ‘Immunome array’ comprised 1630 antigens,
each printed in quadruplicate.

Experimental Procedure. Each critical experimental step of running the Immunome
array required a second trained person to thoroughly check, precisely record and cross-
check all steps in the protocol, in order to reduce operator bias. Samples were picked,
randomised and assigned to assay racks accordingly. These samples were then stored at

-20°C until the experimental setup was complete.

1. Study cohort

A cohort comprising of 209 participants between the age of 29 and 85 was recruited for
the study. The subjects were selected across more than 6 ethnicities diagnosed with
different types of lung cancer including adenocarcinoma, squamous cell carcinoma, non-
small cell lung carcinoma, large cell carcinoma and other types of lung malignancies. A
total of 31 patients were diagnosed with early stage lung cancer while 78 patients were
diagnosed with late stage lung cancer. A total of 33 subjects were smoker and 44 subjects
were non-smoker. EGFR was tested positive in 30 subjects and negative in 39 subjects.

A total of 100 samples from age and gender-matched healthy subjects were aso collected.

2.  Sample preparation
A total of 209 plasma samples were collected from the above cohort and exosomes were
isolated from each sample using an Invitrogen Total Exosome Isolation kit (Thermo

Fisher cat. no. 4484450). Exosomal preparations were frozen a -20°C until use.
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Exosome samples were placed in a shaking incubator set at +20°C and allowed to thaw
for 30 minutes. When completely thawed, each sample was vortexed vigorously three
times at full speed and spun down for 3 minutes a 13,000 rpm using a microcentrifuge.
22.5 L of the sample was pipetted into 4.5 mL of Serum Assay Buffer (SAB) containing
0.1% v/v Triton, 0.1% w/v BSA in PBS (20°C) and vortexed to mix three times. The tube
was tilted during aspiration to ensure that the plasma was sampled from below the lipid
layer at the top but does not touch the bottom of the tube in case of presence of any
sediment. This exosome dilution process was carried out in a class Il biological safety
cabinet. Batch records were marked accordingly to ensure that the correct samples were
added to the correct tubes.

Other types of samples, such as serum, plasma, blood, urine, saliva, amniotic fluid,

cerebrospinal fluid, breast milk, semen or bile were diluted as per the above protocol
before assay.

3. Biomarker Assay

Each protein microarray was removed from the storage buffer using forceps, placed in
the dlide box and rack containing 200 mL cold SAB and shaken on an orbital shaker at
50 rpm, for 5 minutes. After washing, each protein microarray was placed, array side up,
in a slide hybridization chamber with individual plasma which had been diluted earlier.
All dlides were scanned using the barcode scanner into the relevant batch record and
incubated on ahorizontal shaker at 50 rpm for 2 hours at 20°C.

4. Array Washing After Plasma Binding

The protein microarray slide was then rinsed twice in individual “Pap jars’ with 30 mL
SAB, followed by 200 mL of SAB buffer in the dlide staining box for 20 minutes on the
shaker a 50 rpm at room temperature. All slides were transferred sequentially and in the
same orientation.

5. Incubation with Cy3-anti 1gG
Binding of autoantibodies to the arrayed antigens on replica Immunome arrays was
detected by incubation with Cy3-rabbit anti-human 1gG (Dako Cytomation) labelled

according to the manufacturer's recommended protocols (GE Healthcare). Arrays were
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immersed in hybridization solution containing a mixture of Cy3- rabbit antihuman 19gG
solution (diluted 1:1000 in SAB buffer) and shaken for 2 hours at 50 rpm at 20°C.

6. Washing After Incubation with Cy3-anti 1gG

After incubation, each slide was washed in 200 mL of SAB buffer, 3 times for 5 minutes,
with shaking a 50 rpm at room temperature. Excess buffer was removed by immersing
the dide in 200 mL of pure water for afew minutes. Slides were then dried for 2 min at
240g a room temperature. Slides were then stored a room temperature until scanning
(preferably the same day). Hybridization signals were measured with a microarray laser
scanner (Agilent Scanner) a 10um resolution. Fluorescence intensities were detected
according to the manufacturer's instructions, whereby each spot is plotted using Agilent
Feature Extraction software.

Spot segmentation Semi-automatic QC process was carried out in order to produce a
viable result. The output from the microarray scanner is a raw .tiff format image file.
Extraction and quantification of each spot on the array were performed using the GenePix
Pro 7 software (Molecular Devices). A GAL (GenePix Array List) file for the array was
generated to aid with image analysis. GenePix Pro 7 allows for automatic spot gridding
and alignment of each spot on the array for data extraction. Following data extraction, a
GenePix Results (.GPR) file was generated for each dide which contains numerical
information for each spot; Protein ID, protein name, foreground intensities, background
intensities etc.

Bioinformatics analysis.

Image Analysis. Raw Data Extraction

The aim of an image analysis isto evaluate the amount of autoantibody present in the
plasma sample by measuring the median intensities of al the pixels within each probed
spot. A raw .tiff format image file isgenerated for each dlide, i.e. each sample. Automatic
extraction and quantification of each spot on the array are performed using the GenePix
Pro 7 software (Molecular Devices) which outputs the statistics for each probed spot on
the array. This includes the mean and median of the pixel intensities within a spot along
with its local background. A GAL (GenePix Array List) file for the array is generated to



10

15

20

25

30

WO 2020/122817 PCT/SG2019/050611

11

aid with image analysis. This file contains the information of all probed spots and their
positions on the array. Following data extraction, a GenePix Results (.GPR) file is
generated for each slide which contains the information for each spot; Protein ID, protein
name, foreground intensities, background intensities etc. In the data sheet generated from
the experiment, both foreground and background intensities of each spot are represented
in relative fluorescence units (RFUS).

Data Handling and Pre-processing

For each dlide, proteins and control probes are spotted in quadruplicate - 4 arrays on each
dide. The following steps were performed to verify the quality of the protein array data
before proceeding with data analysis.

Step 1:
Calculate net intensities for each spot by subtracting background signal intensities from

the foreground signal intensities of each spot. For each spot, the background signa
intensity was calculated using acircular region with three times the diameter of the spot,
centered on the spot.

Step 2:
Remove replica spots with RFU < 0.

Step 3:
Zero net intengities if only 1replica spot remaining.

Step 4:
Calculating percentage of coefficient of variant (CV%) of to determine the variations
between the replica spots on each dlide.

x 100% Equation 1

S
CV% =
& Mean
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Flag a set of replica spots with only 2 or less replica/s remaining and CV% > 20% as
“High CV”. The mean RFU of these replica spots (i.e. proteins) will be excluded from

the downstream analysis.

For proteing/controls with a CV% > 20% and with 3 or more replica spots remaining, the
replica spots which result in this high CV% value were filtered out. This was done by
calculating the standard deviation between the median value of the net intensities and
individual net intensities for each set of replica spots. The spot with the highest standard
deviation was removed. CV% values were re-calculated and the process repeated.

Step 5:
Calculating the mean of the net intensities for the remaining replica spots.

Step 6:
Inspecting signal intensities of two positive controls: 1gG and Cy3-BSA.

Step 7:
Composite normalisation of data using both quantile-based and total intensity-based

modules. This method assumes that different samples share a common underlying
distribution of their control probes while taking into account the potential existence of
flagged spots within them. The Immunome array uses Cy3-labelled biotinylated BSA
(Cy3-BSA) replicates asthe positive control spots across dides. Hence it isconsidered as
a housekeeping probe for normalisation of signal intensities for any given study.

The quantile module adopts the algorithm described by Bolstad et al., 2003. This
reorganisation enables the detection and handling of outliers or flagged spots in any of
the Cy3BSA control probes. A total intensity-based module was then implemented to
obtain a scaling factor for each sample. This method assumes that post-normalisation, the
positive controls should have a common total intensity value across all samples. This
composite method aims to normalise the protein array data from variations in their
measurements whilst preserving the targeted biological activity across samples. The steps

are asfollows:
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Quantile-Based Normalisation of all cy3BSA across all samples

(i = spot number andj = sample number )
1. Load all Cy3-BSA across all samples,j,intoani Xj matrix X
2. Sort spot intensities in each columnj of X to get xsort
3. Take the mean across each row i of Xsort to get < Xi >

Intensity-Based Normalisation
1. Calculate sum of the mean acrosseachrow i, Y < Xi >
2. For each sample, k, calculate the sum of all Cy3-BSA controls, Y Xk
3. For each sample, k,

2 < Xi > Equation 2
¥ Xk

Scaling factor (k) =
Data Analysis
High concentrations of an arrayed protein may occasionally give a“false” positive signal
in serology assays because of concentration-driven, non-selective binding of an
immunoglobulin to the target. This can arise theoretically due to an avidity effect: weak,
non-specific immunoglobulin binding sites on a specific protein becoming coupled across
multiple neighbouring protein molecules via an antibody as aresult of the high density of
immobilized protein, thus making the protein appear to be highly antigenic. Whenever
this phenomenon occurs, it would be expected to be observed in the heathy control
samples and will give rise to high intensity signals and/or signals that are close to
saturation on the arrays. In Sengenics Immunome, proteins such as RBPJ and IGHG1

show consistently high signal intensities across all samples.

For this reason, given alarge sample number (i.e. 100 - 200 samples) and availability of
sample cohort, a penetrance-based fold change (pFC) analysis method i simplemented for
the identification of highly expressed proteins in each case sample. This method will
remove any false positive signals from the data by setting a protein-specific threshold (i.e.
background threshold). This defined per-protein background threshold is calculated based
on the signal intensities for each specific protein measured for a given cohort of healthy
control samples. A step-by-step description of this method is asfollows:
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Step 1:
Individual fold changes for both case and control are calculated by dividing the RFU
value for each protein in each sample, H, by the mean of the RFU values of each protein

5 across al the control samples (i.e. background threshold).

HC Control :
Individual FC = —=2s&ortontro Equation 3
H(HCOntrol)

Step 2:
10  For proteins with individual fold change of less than 2 fold above the background

threshold, their signal intensities (RFU) are replaced with zeroes.

Step 3:

Penetrance frequency (number of case and control samples with individual fold changes
15 2 2fold) for both case (Frequency.,..) and control (Frequencyqyq o) are determined

for each protein along with their difference.

Frequencyc,se = n(Individual FC (Case)) = 2) Equation 4
20 Frequencyconeror = n(Individual FC (Control)) > 2) Equation 5
Frequencyy;ryr = Frequencycase — Frequencycontror Equation 6

Step 4:
25  Penetrance Fold Changes for both case and control groups are calculated for each protein.

H i
Penetrance Fold Change_ s, = w Equation 7
U(HCOntrol)
H i
Penetrance Fold Change optror = WHeoniroili)) Equation 8

U(HCOntrol)
30

Hegsell]l = Hegse With FC Case > 2 fold
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Heontrotll] = Heoneror With FC Control > 2 fold

Putative biomarkers are identified and ranked according to the following criteria:
1. Penetrance Fold Change g = 2.
2. % Frequency .. 2 10%

% Frequency differentia = 10%

The invention utilises the Biotin Carboxyl Carrier Protein (BCCP) folding marker which
iscloned in-frame with the gene encoding the protein of interest, as described above and
in EP1470229. The structure of the E. coli BCCP domain is illustrated in Figure 1,
wherein residues 77-156 are drawn (coordinate file Ibdo) showing the N- and C- termini
and the single biotin moiety that is attached to lysine 122 in vivo by biotin ligase.

BCCP acts not only as aprotein folding marker but also as a protein solubility enhancer.
BCCP can be fused to either the N- or C-terminal of a protein of interest. Full-length
proteins are expressed asfusions tothe BCCP folding marker which becomes biotinylated
in vivo, but only when the protein is correctly folded. Conversely, misfolded proteins
drive the misfolding of BCCP such that it isunable to become biotinylated by host biotin
ligases. Hence, misfolded proteins are unable to specifically attach to a streptavidin-
coated solid support. Therefore only correctly folded proteins become attached to a solid
support via the BCCP tag.

The surface chemistry of the support is designed carefully and may use a three-
dimensional thin film polymer base layer (polyethylene glycol; PEG), which retains
protein spot morphologies and ensures consistent spot sizes across the array. The PEG
layer inhibits non-specific binding, therefore reducing the high background observed
using other platforms. The solid support used to immobilize the selected biomarkers is
thus designed to resist non-specific macromolecule adsorption and give excellent signal-
to-noise ratios and low limits of detection (i.e. improved sensitivity) by minimising non-
specific background binding. In addition the PEG layer also preserves the folded structure
and functionality of arrayed proteins and protein complexes post-immobilisation. Thisis

critical for the accurate diagnosis because human serum antibodies are known in general
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to bind non-specifically to exposed hydrophobic surfaces on unfolded proteins, thus
giving rise to false positives in serological assays on arrays of unfolded proteins,
moreover, human autoantibodies typically bind to discontinuous epitopes, so serological
assays on arrays of unfolded proteins or mis-folded proteins will aso give rise to false
negatives in autoantibody binding assays.

As biotinylated proteins bound to a streptavidin-coated surface show negligible
dissociation, this interaction therefore provides a superior means for tethering proteins to
aplanar surface and isidea for applications such asprotein arrays, SPR and bead-based
assays. The use of a compact, folded, biotinylated, 80 residue domain BCCP affords two
significant advantages over for example the AviTag and intein-based tag. First, the BCCP
domain is cross-recognised by eukaryotic biotin ligases enabling it to be biotinylated
efficiently in yeast, insect, and mammalian cells without the need to co-express the E.
coli biotin ligase. Second, the N- and C-termini of BCCP are physically separated from
the site of biotinylation by 50A (as shown in Figure 1), so the BCCP domain can be
thought of as a stalk which presents the recombinant proteins away from the solid support
surface, thus minimising any deleterious effects due to immobilisation.

The success rate of BCCP folding marker mediated expression of even the most complex
proteins is in excess of 98%. The technology can therefore be applied in a highly
parallelised pipeline resulting in high-throughput, highly consistent production of
functionally validated proteins..

The addition of BCCP permits the monitoring of fusion protein folding by measuring the
extent of in vivo biotinylation. This can be measured by standard blotting procedures,
using SDS-PAGE or in situ colony lysis and transfer of samplesto amembrane, followed
by detection of biotinylated proteins using a streptavidin conjugate such as streptavidin-
horseradish peroxidase. Additionally, the fact that the BCCP domain is biotinylated in
vivo isparticularly useful when multiplexing protein purification for fabrication of protein
arrays since the proteins can be simultaneously purified from cellular lysates and
immobilised in a single step via the high affinity and specificity exhibited by a
streptavidin surface.
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The biomarkers of the present invention can beused in early diagnosis of NSCLC, patient
stratification and treatment monitoring. This includes any distinguishable manifestation
of the condition, including not having NSCLC. The test can determine the presence or
absence of NSCLC in apatient, the risk of developing NSCLC, the stage or severity of
NSCLC and the effectiveness or response to treatment of NSCLC. Based on this status,
further medical procedures may be indicated, including additional diagnostic tests or
therapeutic procedures or regimens.

The microarray prototype and final product can be multiplexed far beyond the technical
capability of other immunoassay systems and will enable exquisitely sensitive and
specific testing of patients and high-risk population for NSCLC.

The power of a diagnostic test to correctly predict status is commonly measured as the
sensitivity and specificity of the assay or the area under areceiver operated characteristic
(“ROC”) curve. Sensitivity isthe percentage of true positives that are correctly predicted
to be positive, while specificity is the percentage of true negatives that are correctly
predicted to be negative. The greater the area under the ROC curve, the higher the
prediction power of the test.

Autoantibody biomarkers were determined by Penetrance fold change method where age
matched controls are considered as baseline to observe the elevated frequencies (= 2
Foldchange) of individual biomarkers in lung cancer patients. The list of the biomarkers
identified here for diagnosis of NSCLC is shown in Table 1.
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To evauate the sensitivity of individual biomarkers towards lung cancer, ROC and area

under the curve (AUC), 95% confidence intervals and also likelihood ratios were

calculated, asset outin Table 2. Variable ranking was performed by using all combination

of 19 biomarkers as separate panels and each panel was subjected to recursive feature

elimination by generating random forests. The biomarkers were ranked based on random

forest estimated variable importance measure derived from each panel (see Figure 2).

Mean variable importance scores determine three core set of biomarkers which are
common across all biomarker panels i.e. XAGELD, LRRFTP2 and GAGE2C.

Table 2
Likelihood Ratio
Protein AUC Confidence LR- LR- Variable Rank
Interval Positive | Negative | Importance based on
95% CI) Importance

XAGEID 0.696 [0.622-0.77] 7.75 0.593 7.39 1
LRRFIP2 0.56 [0.48-0.641] 3.008 0.735 4.37 2
GAGE2C 0.612 [0.534-0.691] 13.321 0.713 3.98 3
DDX53 0.635 [0.557-0.714] 3.229 0.614 3.81 4
DDX43 0.641 [0.564-0.719] 2.601 0.588 3.67 5
GAGE1 0.638 [0.562-0.715] 4.239 0.676 3.61 6
MAGEA10 0.651 [0.574-0.728] 3.817 0.598 3.28 7
ZNRD1 0.573 [0.493-0.653] 1.462 0.665 2.9 8
MAP2KS 0.65 [0.573-0.726] 4.037 0.654 2.9 9
MAGEA4 0.654 [0.577-0.73] 3.176 0.553 2.5 10
STAT1 0.554 [0.472-0.635] 2.745 0.776 2.5 11
CT47A1 0.623 [0.544-0.702] 2.382 0.594 2.39 12
IGF2BP3 0.621 [0.542-0.699] 2.295 0.644 23 13
CTAG2 0.619 [0.54-0.698] 2.637 0.664 2.04 14
RAD23B 0.59 [0.51-0.67] 2.758 0.722 145 15
FADD 0.602 [0.522-0.681] 3.633 0.737 1.38 16
PTPN20A 0.605 [0.525-0.684] 2.327 0.682 1.08 17
TPM1 0.607 [0.527-0.686] 2.22 0.641 0.4 18
CTAGIA 0.625 [0.547-0.703] 2.653 0.687 0.08 19

A total of 19 potential autoantibody biomarkers have been identified for diagnosis of
NSCLC; namely XAGE1D, PTPN20A, TPM1, CTAGIA, RAD23B, ZNRDI, LRRFIP2,
STAT1, MAGEA10, CTAG2, GAGE1l, GAGE2C, DDX43, MAGEA4, MAP2KS5,
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FADD, IGF2BP3, CT47A1, DDX53. The Uniprot I1Ds, description, nucleotide sequence

and protein sequence are set out in Table 5 below.

The Immunome array contains >1630 antigens, presented on the array surface in afolded,
functional form, as described above. Notably, it would not have been obvious apriori
which specific 19 antigens out of the collection of >1630 antigens that were tested would

give rise to ameasurable autoantibody response that is diagnostic for NSCLC.

In this panel of 19 antigens that correspond to the 19 autoantibody biomarkers, CTAG2
is observed in 25-50% of tumor samples of melanomas, non-small-cell lung carcinomas,
bladder, prostate and head and neck cancers. CTAGLA is atumor cell antigen found in
various types of cancers, which makes it agood candidate for a cancer vaccine.

ZNRD1 contains two potentia zinc-binding motifs and may play arolein regulation of
cell proliferation. The encoded protein may be involved in cancer and human

immunodeficiency virus progression.

XAGE1D and MAGEA4 RNA markers have been considered for use in screening of lung
neoplasia for detecting presence of lung cancer. In normal tissues, XAGEILD is highly
expressed in testis, highly expressed in breast cancer, prostate cancer and many types of
lung cancers, including squamous cell carcinoma, small cell carcinoma, non-small cell
carcinoma, and adenocarcinoma, aswell asin Ewings cell lines, in some Ewings sarcoma
patient samples, and in one of one aveolar rhabdomyosarcoma patient sample. MAGEA4
isexpressed in many tumors of several types, such asmelanoma, head and neck squamous
cell carcinoma, lung carcinoma and breast carcinoma, but not in normal tissues except for

testes and placenta.

LRRFIP2 isinvolved inthe Wnt signalling pathway and aberrant Wnt signalling underlies
a wide range of pathologies in humans. It has been suggested that the Wnt signalling
pathway has important functions in stem cell biology, cardiac development and
differentiation, angiogenesis, cardiac hypertrophy, cardiac failure and ageing (Rao &
Kuhl, 2010). GAGE2C belongs to a family of genes that are expressed in a variety of

tumors but not in normal tissues, except for the testis.
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PTPNZ20A ispresent in many cell lines (at protein level) and iswidely expressed. TPM1
is detected in primary breast cancer tissues but undetectable in normal breast tissues in
Sudanese patients. Isoform 1isexpressed in adult and fetal skeletal muscle and cardiac
tissues, with higher expression levels in the cardiac tissues. Isoform 10 is expressed in
adult and fetal cardiac tissues, but not in skeletal muscle.

DDX53, STAT1 and FADD expression levels were elevated in late stage group. DDX53
is a cancer-testis antigen that shows wide expression in many tumours. DDX53 has been
reported to interact with EGFR and bind to the promoter sequences of EGFR. Signal
transducer and activator of transcription (STAT) lis part of the (JAK)/STAT signalling
cascade and is best known for its essential role in mediating responses to al types of
interferons (IFN). A correlation of STAT1 protein expression levels with poor prognosis,
increased invasive and metastatic potential has been reported in three breast cancer
studies (Meiss et al., 2017). It was concluded that STAT1 can promote tumour
progression, and therefore, it can be apotential marker or indicator of cancer progression
(Meisd et al., 2017). Phosphorylation of FADD promotes KRAS induced lung cancer
(Bowman et al., 2015). Fas-associated death domain protein (FADD) isthe key adaptor
molecule transmitting the apoptotic signal delivered by death receptors. It was aso
reported that the release of FADD by human NSCLC correlates positively with both
tumour progression and aggressiveness and could be a new marker of poor prognosis
(Cimino et al., 2012).

Cancer-testis antigens are a family of >1000 highly developmentally restricted fetal
proteins (Wang €t al., 2016; Silva et al., 2017) that are silenced in al somatic tissues
except the testes and occasionally placenta, but which can be aberrantly expressed in
cancerous tissues, thereby driving an autoantibody response. The Immunome array
contains 202 cancer-testis antigens, presented on the array surface in afolded, functional
form as described above. Notably, the 19 autoantibody biomarkers of non-small cell lung
cancer identified here are significantly enriched for cancer-testis antigens, yet it would
not have been obvious a priori which specific 10 cancer-testis antigens out of the
collection of 202 that were tested would give rise to ameasurable autoantibody response
that is diagnostic for NSCLC.
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The best method to verify alung cancer diagnosisinvolves amultiple biomarker approach

rather than a single biomarker approach.

Asillustrated in Figure 3, Receiver operating characteristic (ROC) curves were calculated
based on individual fold changes for 19 biomarkers to show sensitivity of biomarkers
towards lung cancer patients. Area under curve (AUC), 95% confidence intervals (Cl)
and Optimal cutoff of individual fold change (Cutoff (IFC) for each were cal culated based
on the method described in Lopez-Raton et al., (2014) using “Optimal Cutpoints’ R
package. Cl and Optimal cut-off values help to determine diagnostic ability of the
biomarkers by showing positive or negative test results with lung cancer patients. The
ROC curve for the panel of 19 biomarkers isillustrated in Figure 9.

Figure 4 showsthe autoantibody biomarkers determined by Penetrance fold change (pFC)
method where age matched controls are considered as baseline to observe the elevated
frequencies (= 2 Foldchange) of individual biomarkers in lung cancer patients. The data
was generated from profiling of Normalised RFU vaues of 19 biomarkers (Table 6)
identified by pFC method across healthy controls (Ctrl), Early stage lung cancer patients
(Early) and Late stage lung cancer patients (Late) .

Figure 5 shows a comparison of the core autoantibody biomarker panel (autoantibodies
against antigens XAGELD, LRRFIP2 and GAGE2C) levels with respect to EGFR status
in patients. The datawas generated from comparing normalised RFU values of the three
core set of biomarkers (identified based on variable ranking using random forest) across
healthy controls (Control), Early stage lung cancer patients (Earlystg) and Late stage lung
cancer patients (Latestg). Patient cohorts were sub-divided based on EGFR mutation
status i.e. Positive (patients with EGFR mutation), negative (patients without EGFR
mutation), unknown (patients with unknown EGFR mutation status). An overall elevation
of the antigen-specific autoantibody levels was observed in late stage NSCLC compared
to early stage NSCLC and contral.

A similar observation isseen in Figure 6, wherein the datawas generated from comparing
normalised RFU values of the three core set of biomarkers (identified based on variable
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ranking using random forest) against healthy controls (Ctrl), Early stage lung cancer
patients (Early) and Late stage lung cancer patients (Late).

Furthermore, the elevation of antigen-specific autoantibody levels in late stage NSCLC
isindependent of EGFR status of patients. In addition, with further reference to Figure 7,
distinct differences in autoantibodies against XAGE1D, CTAG1A, CTAG2, GAGEL and
GAGE2C were observed in Late and Early stage NSCLC compared to the control.
Unsupervised clustering of individual fold changes across all healthy controls (Contral),
Early stage lung cancer patients (EarlyStg) and Late stage lung cancer patients (LateStg)
for 19 biomarkers identified by pFC method. Clustering was performed for biomarkers
based on Ward' smethod and distance calculated based on Euclidean distance. The shaded
bar on the top of the heatmap represents patient cohortsi.e. Control, Early stage and Late
Stage samples.

Validation study using a Custom Array containing 19 antigens identified from the

Phase 1 Study

Protein expression:

Nineteen BCCP-tagged antigens (XAGE1D; CTAG2; CTAGIlA; STATL1, DDX53;
MAGEA4; IGF2BP3; MAGEA10; LRRFIP2; ZNRD1; PTPN20A; RAD23B; CT47A1;
MAP2K5; FADD; GAGEL; DDX43; GAGE2C; & TPM1) identified from the Phase 1
discovery study (see above) were expressed ininsect cell cultures aspreviously described
(see above). Cellswere harvested and lysed as described above.

Custom array fabrication:

Crude insect cell lysates for each of the 19 BCCP-tagged antigens were aliquoted into
separate wells of a source plate and robotically printed on to streptavidin-coated hydrogel
slides (Schott HS dides) to form a protein microarray. Each of the 19 antigens were
printed in triplicate on one array. Sixteen replica arrays were printed in discrete areas of
a75 x 25cm HS dide.  Following printing, arrays were wash as stored as described

above.
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Study cohort:

Plasma samples from an independent cohort of 126 late stage NSCLC patients, 30 early
stage NSCL C patients and 83 age-matched healthy controls were used to validate the 19
shortlisted antigens from the Phase 1study, using the custom array fabricated as described

above.

Sample preparation, Data handling and QC:

For each plasma sample, 22.5 uL of the sample was pipetted into 4.5 mL of Serum
Assay Buffer (SAB) containing 0.1% v/v Triton X-100, 0.1% w/vBSA inPBS (20°C)
and vortexed to mix three times. Diluted plasma were then assayed on custom protein
microarrays, essentially as described above. Briefly, each custom protein microarray
was removed from storage buffer using forceps, placed in a dlide box containing 200
mL cold SAB and shaken on an orbital shaker at 50 rpm, for 5 minutes. The dides
were then placed, array side up, in a dlide hybridization chamber with individual
plasma which had been diluted as above. All dides were scanned using a barcode
scanner and incubated on a horizontal shaker a 50 rpm for 2 hours a 20°C. Each
protein microarray slide was then rinsed twice with 30 mL SAB, followed by 200 mL
of SAB buffer for 20 minutes on the shaker at 50 rpm at room temperature. All dlides
were transferred sequentialy and inthe same orientation. Arrayswere then immersed
in hybridization solution containing Cy3-rabbit anti-human 1gG (diluted 1:1000 in SAB
buffer) for 2 hours, with shaking a 50 rpm a 20°C.

After incubation, the slide was washed in 200 mL of SAB buffer, 3 times for 5 minutes
with shaking a 50 rpm at room temperature. Excess buffer was removed by immersing
the dlide in 200 mL of pure water for afew minutes. Slides were then dried for 2 min a
240g a room temperature and stored a room temperature until scanning. Hybridization
signals were measured with a microarray laser scanner (Agilent Scanner) a 10um
resolution. Fluorescence intensities were detected according to the manufacturer's

instructions, whereby each spot is plotted using Agilent Feature Extraction software.

Slide scanning, raw data handling and QC were carried out as described above for the
Phase 1 study.
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Data analysis:

A Penetrance Fold Change analysis was performed for each of the 19 antigens, comparing
NSCLC patients and healthy controls, using the method described for the Phase 1 study
data analysis. This demonstrated that all 19 antigens had an individual penetrance

frequency > 10% and a penetrance fold change > 2 fold.

The results are summarised below. Table 3 shows the penetrance fold change analysis
results for Late Stage NSCLC versus Healthy controls across all 19 antigens from the
validation study. Table 4 shows the penetrance fold change analysis results for Early

Stage NSCL C versus Healthy controls across all 19 antigens from the validation study

Table 3

Penetrance Penetrance Mean Penetrance Mean
Protein Frequency Frequency % Penetrance Fold Change (Healthy

(Late Stage) (Late Stage) (Late Stage) (Late Stage) Control)
XAGE1D 33 26.19 2103.27 432 486.84
CTAG2 26 20.63 1896.52 3.93 43211
CTAGIA 25 19.84 3649.61 8.28 440.94
STATI1 21 16.67 1219.31 2.70 451.38
DDX53 20 15.87 7340.65 13.67 536.89
MAGEA4 20 15.87 2722.11 6.17 440.83
IGF2BP3 20 15.87 1428.20 3.13 455.58
MAGEA10 20 15.87 1274.75 2.72 468.93
LRRFIP2 20 15.87 1366.38 2.65 516.39
ZNRD1 19 15.08 1440.51 2.96 486.98
PTPN20A 19 15.08 1244.62 2.67 466.38
RAD23B 18 14.29 1211.94 2.88 421.08
CT47A1 18 14.29 1330.74 2.74 486.50
MAP2KS5 17 13.49 1227.44 2.86 429.29
FADD 16 12.70 1362.23 2.79 487.64
GAGE1 16 12.70 1741.70 275 633.18
DDX43 16 12.70 127421 2.70 471.32
GAGE2C 14 11.11 1441.22 2.93 491.95
TPM1 13 10.32 3066.49 2.81 1090.13
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Table4
Penetrance Penetrance Mean Penetrance Mean
Protein Frequency Frequency % Penetrance Fold Change (Control)
(EarlyStage) (EarlyStage) (EarlyStage) (EarlyStage)
RAD23B 8 26.67 992.75 2.36 421.08
GAGE1 5 16.67 1498.35 2.37 633.18
DDX43 5 16.67 1095.95 2.33 471.32
XAGE1D 4 13.33 3219.83 6.61 486.84
LRRFIP2 4 13.33 1343.66 2.60 516.39
MAGEA4 4 13.33 1141.63 2.59 440.83
MAGEA10 4 13.33 1121.54 2.39 468.93
GAGE2C 4 13.33 1160.49 2.36 491.95
CT47A1 4 13.33 1129.55 2.32 486.50
PTPN20A 4 13.33 1075.17 2.31 466.38
MAP2KS5 4 13.33 984.14 2.29 429.29
STATI1 4 13.33 1033.02 2.29 451.38
ZNRD1 4 13.33 1109.92 2.28 486.98
TPM1 3 10.00 3102.74 2.85 1090.13
CTAGIA 3 10.00 1088.11 247 440.94
IGF2BP3 3 10.00 1123.99 247 455.58
CTAG2 3 10.00 1145.82 2.38 482.11
DDX353 2 6.67 1260.99 2.35 536.89
FADD 2 6.67 1095.78 2.25 487.64

The performances of biomarker panels were validated by a Random Forest - Recursive
feature elimination (RF-RFE) agorithm which isabackwards selection, iterative process
used to select the best subset of biomarkers for the classification of NSCLC. Validation
of the selected biomarkers involves using atraining and testing set for model generation
and performance evaluation before using an independent validation set to validate the

final performance of the models.

During model generation, all possible combinations of 19 biomarkers were generated and
the individual fold change values based on the biomarker combinations were used as
inputs for model generation. Data from the phase | (209 samples) were separated into
training (2/3rds) and test (1/3rd) datasets. Training using the RF-RFE was done using
default parameters with 5-fold cross validation and panel size being fixed to the number
of biomarkers in each model. The generated models were used to predict both the testing
and validation sets to evaluate the performance of the panels in the stratification of

NSCLC. All recursive feature elimination and Random Forest analyses were performed
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using the caret (Kuhn, 2008 (https.//www.jstatsoft.org/article/view/v028i05)) package in
R.

The performance of the RF-RFE models on the training dataset are summarized in Table
7 which includes results for the performance of the core biomarkers, 19 biomarkers and
the top 20 panels based on descending AUC values.

Results have demonstrated that the panel of 7 biomarkers which includes the core
biomarkers (XAGELD, LRRFIP2, GAGE2C) outperform apanel of 19 biomarkers with
Sensitivity and Specificity of 0.753 and 0.721 compared to 0.680 and 0.652 respectively.
Figures 10 and 11 show the ROC curves for the best panel of 7 biomarkers (XAGELD,
LRRFIP2, MAGEA 10, GAGE2C, STAT1, ZNRDI, RAD23B; with an AUC of 0.818),
and the 19 biomarkers (with an AUC of 0.702) respectively.

Extracellular vesicles can be divided into three main categories, namely apoptotic bodies,
microvesicles, and exosomes. Exosomes are the smallest extracellular vesicles which are
naturally secreted by almost every cell type and can be found in amost all biological
fluids including blood, serum, plasma, urine, saliva, amniotic fluid, cerebrospina fluid,
breast milk, semen and bile. In general, cells release exosomes viatwo mechanisms. The
classic pathway involves the formation of intralumina vesicles within multivesicular
endosomes. In turn, the membrane of multivesicular endosomes fuses with the plasma
membrane, resulting in the release of intraluminal vesicles. When secreted, intraluminal
vesicles are called exosomes. Alternatively, the direct pathway involves the release of
vesicles, indistinguishable from exosomes, directly from the plasma membrane (van der
Pol et al. 2012). Interestingly, exosomes from cancer cells have been shown to promote
angiogenesis, modulate the immune system and remodel the surrounding parenchymal
tissue, al factors supporting tumor progression (Hessvik and Llorente, 2018).

Exosome samples from patients with NSCLC and healthy controls were collected and
isolated using Invitrogen Total Exosome Isolation (from plasma) kit (Thermo Fisher
Scientific.) based on the established protocol from the manufacturer.
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The discovery of these autoantibody biomarkers using exosome samples can be more
disease-specific and meaningful as they contain membrane-bound proteins that reflect
their originating cell. In cancer, exosomes have been shown to be implicated in the
crosstalk between tumour cells and normal cells thereby facilitating the malignant
process. Severa studies have found exosomes to be promising as diagnostic and
prognostic markers (Sanfeld-Paulsen et al, 2016).

It will be appreciated by persons skilled in the art that the present invention may also
include further additional modifications made to the system which does not affect the

overal functioning of the system.



10

15

20

25

WO 2020/122817 PCT/SG2019/050611

29

References;

Bolstad, B. M. et al (2013) A comparison of normalization methods for high
density oligonucleotide array data based on variance and bias. Bioinformatics
19(2), 185-93.

Cimino, Y. et al. (2012). FADD protein release mirrors the development and
aggressiveness of human non-small cell lung cancer. British Journal of Cancer,
106, 1989-1996.

Hessvik NP and Llorente A (2018). Current knowledge on exosome biogenesis
and release. Cell Mol Life Sci., 75(2): 193-208.

Lopez-Raton, M., Rodriguez-Alvarez, M. X., Cadarso-Suarez, C., & Gude-
Sampedro, F. (2014). OptimalCutpoints. an R package for selecting optimal
cutpoints in diagnostic tests. Journal of Statistical Software, 61(8), 1-36
Maniatis T. et al (1989) Molecular Cloning: A Laboratory Manual. Cold Spring
Harbor Press

Meisdl et al. (2017). The good and the bad faces of STAT1 in solid tumours.
Cytokine, vol 89, pages 12-20.

Sanfeld-Paulsen, B. et al. (2016). Exosomal proteins as prognostic biomarkers in
non-small cell lung cancer. Molecular Oncology, Vol 10, issue 10, pages 1595-
1602.

Silva et al. (2017). Genome-wide identification of cancer/testis genes and their
association with prognosis in apan-cancer analysis. Oncotarget 8, 92966.

van der Pol, Edwin et al. (2012). Pharmacological reviews Classification,
Functions, and Clinical Relevance of Extracellular Vesicles.

Rao, TP & Kuhl, M. (2010). An updated overview on Wnt signalling pathways. a
prelude for more. Circ Res. 25; 106(12): 1798-806.

Wang et al. (2016). Systematic identification of genes with a cancer-testis
expression pattern in 19 cancer types. Nature Communications 7, 10499.

www.genecards.org



WO 2020/122817 PCT/SG2019/050611

30
Table5
Protein Name UniprotiD Description
XAGE1D Q9HD64 >P003055_Q21 1 Q21 1 tube XAGE1_9503 0 NM_02041 1.2 0_Q9HD64 0_

Insert sequence is gene optimized by GeneArt_0 0 0
Nucleotide Sequence (Seq 1D No. 1):
ATGGAATCCCCCAAGAAGAAGAACCAGCAGCTGAAGGTCGGAATCCTGCACCTGGGTTCCCGTCAGAAGAAGA
TCCGTATCCAGCTGCGTTCCCAGTGCGCTACCTGGAAGGTCATCTGCAAGTCCTGCATCTCCCAGACCCCCGG
TATCAACCTGGACCTGGGCTCCGGTGTCAAGGTCAAGATCATCCCCAAGGAAGAACACTGCAAGATGCCCGAG
GCTGGCGAGGAACAGCCCCAGGTG

Protein Sequence (Seq Ip No. 20):
MESPKKKNQQLKVGILHLGSRQKKIRIQLRSQCATWKVICK SCISQTPGINLDLGSGVK VK IIPKEEHCK MPEAGEEQP
Qv

LRRFIP2 Q9Y 608 >P001 894 Q305_Q305p2_LRRFIP2_9209 Homo sapiens leucine rich repeat

(in FLU) interacting protein

2 BCO053668.1 _AAH53668. 1 Q9Y608 0 0 1 203 0 1 200
Nucleotide Sequence (Seq 1D No. 2):
ATGGGGACTCCTGCTTCTGGAAGGAAAAGAACACCTGTGAAAGACCGATTTTCTGCAGAAGATGAAGCTTTGAG
TAACATTGCCAGAGAGGCAGAGGCAAGGCTGGCAGCAAAACGGGCTGCCCGGGCAGAAGCAAGAGATATACG
CATGAGAGAACTGGAACGACAACAAAAAGAGTTGGATGAAAAATCTGACAAACAGTATGCTGAAAATTATACAA
GACCTTCATCTCGAAATTCTGCCTCAGCAACAACCCCTCTAAGTGGAAACTCATCCAGACGAGGAAGTGGGGAC
ACCAGCAGCTTAATAGATCCAGACACTTCATTAAGTGAATTGCGGGAATCTTTGTCTGAAGTGGAAGAAAAATAC
AAGAAAGCCATGGTTTCCAATGCAC AGTTAGACAATGAGAAGAACAATTTGATCTACCAAGTAGACACACTCAAG
GATGTTATTGAAGAGCAGGAGGAACAGATGGCAGAATTTTATAGAGAAAATGAAGAAAAATCAAAGGAGTTAGA
AAGGCAGAAACATATGTGTAGTGTGCTGCAGCATAAGATGGAAGAACTTAAAGAAGGCCTGCGGCAAAGAGAT
GAGCTTATTGAGAAACATGGCTTAGTTATAATCCCCGATGGCACTCCCAATGGTGATGTCAGTCATGAACCAGT
GGCTGGAGCCATCACTGTTGTGTCTCAGGAAGCTGCTCAGGTCTTGGAGTCAGCAGGAGAAGGGCCATTAGAT
GTAAGGCTACGAAAACTTGCTGGAGAGAAGGAAGAACTACTGTCACAGATTAGAAAACTGAAGCTTCAGTTAGA
GGAGGAACGACAGAAATGCTCCAGGAATGATGGCACAGTGGGTGACCTGGCAGGACTGCAGAATGGCTCAGA
CTTGCAGTTCATCGAAATGCAGAGAGATGCCAATAGACAAATTAGCGAATACAAATTTAAGCTTTCAAAAGCAGA
ACAGGATATAACTACCTTGGAGCAAAGTATTAGCCGGCTTGAGGGACAGGTTCTGAGATATAAAACTGCTGCTG
AGAATGCTGAGAAAGTTGAAGATGAATTGAAAGCAGAAAAACGGAAGCTACAACGAGAGTTACGAACAGCACTG
GACAAGATTGAGGAGATGGAGATGACCAACAGCCACCTGGCCAAGCGGCTGGAGAAGATGAAGGCCAATAGG
ACAGCACTTCTG GCCCAGCAG

Protein Sequence (Seq 1D No. 21):

MGTPASGRKRTPVKDRFSAEDEAL SNIAREAEARLAAKRAARAEARDIRMREL ERQQKELDEK SDKQYAENY TRPS
SRNSASATTPLSGNSSRRGSGDTSSLIDPDTSL SELRESLSEVEEKYKKAMYSNAQLDNEKNNLIYQVDTLKDVIEEQ
EEQMAEFY RENEEK SK EL ERQKHMCSVLQHKMEELKEGLRQRDEL IEKHGLVIIPDGTPNGDV SHEPVAGAITVVSQ
EAAQVLESAGEGPLDVRLRKLAGEKEEL L SQIRKLKLQLEEERQKCSRNDGTVGDLAGLQNGSDLQFIEMQRDANR
QISEYKFKLSKAEQDITTLEQSISRLEGQVLRYKTAAENAEKVEDELKAEKRKLQRELRTALDKIEEMEMTNSHLAKRL
EKMKANRTALLAQQ
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GAGE2C Q13066 >P003037_Q21 1 Q211 tube GAGE2C_2574 0_NM_001 472.2 0 Q1 3066_0
_Insert sequence is gene optimized by GeneArt 0 0 0
Nucleotide Sequence (Seq 1D No. 3):
ATGTCCTGGCGTGGTCGTTCCACCTACCGTCCCCGTCCTCGTCGNACGTCGAGCCCCCCGAGATGATCGGTC
CCATGCGTCCCGAGCAGTTCTCCGACGAGGTCGAGCCCGCTACCCCCGAGGAAGGCGAGCCTGCTACTCAGC
GTCAGGACCCCGCTGCTGCTCAAGAGGGCGAGGACGAGGGCGCTTCCGCTGGCCAGGGTCCTAAGCCCGAG
GCTCACTCCCAAGAGCAGGGTCACCCCCAGACCGGTTGCGAGTGCGAGGACGGTCCCGACGGTCAAGAGATG
GACCCCCCCAACCCTGAGGAAGTCAAGACCCCCGAAGAGGGCGAAAAGCAGTCCCAGTGC

Protein Sequence (Seq ip No. 22):
MSWRGRSTY RPRPRRY VEPPEMIGPMRPEQFSDEV EPATPEEGEPATQRQDPAAAQEGEDEGA SAGQGPK PEAH
SQEQGHPQTGCECEDGPDGQEMDPPNPEEVKTPEEGEKQSQC
DDX53 Q86TM3 >P003022_Q21 1 Q211 tube DDX53 168400 0 NM_182699.2 0 Q86TM3_
OJnsert sequence is gene optimized by GeneArt 0 0 0
Nucleotide Sequence (Seq 1D No. 4):
ATGTCCCACTGGGCTCCCGAGTGGAAGCGTGCTGAGGCTAACCCCCGTGACCTGGGCGCTTCTTGGGACGTG
CGCGGTTCCCGTGGTAGCGGTTGGAGCGGTCCCTTCGGTCACCAAGGTCCCCGTGCTGCTGGTTCCCGCGAG
CCCCCCCTGTGCTTCAAGATCAAGAACAACATGGTCGGAGTGGTCATCGGTTACTCCGGTTCCAAGATCAAGG
ACCTGCAGCACTCCACCAACACCAAGATCCAGATCATCAACGGCGAGTCCGAGGCTAAGGTCCGCATCTTCGG
CAACCGCGAGATGAAGGCTAAGGCCAAGGCTGCTATCGAGACTCTGATCCGCAAGCAAGAGTCCTACAACTCC
GAGTCCTCCGTGGACAACGCTGCTTCCCAGACCCCCATCGGTCGTAACCTGGGTCGTAACGACATCGTGGGC
GAGGCTGAGCCCCTGTCCAACTGGGACCGTATCCGCGCTGCTGTGGTCGAGTGCGAGAAGCGCAAGTGGGCT
GACCTGCCCCCCGTGAAGAAGAACTTCTACATCGAGTCCAAGGCTACCTCCTGCATGTCCGAGATGCAAGTGA
TCAACTGGCGCAAGGAAAACTTCAACATCACTTGCGACGACCTGAAGTCCGGCGAGAAGCGTCTGATCCCCAA
GCCTACCTGCCGTTTCAAGGACGCTTTCCAGCAGTACCCCGACCTGCTGAAGTCCATCATCCGTGTGGGTATC
GTGAAGCCCACCCCCATCCAGTCCCAGGCTTGGCCAATCATCCTGCAGGGTATCGACCTGATCGTGGTGGCTC
AGACCGGCACCGGCAAGACCCTGTCCTACCTGATGCCCGGTTTCATCCACCTGGACTCCCAGCCCATCTCCCG
CGAGCAGCGTAACGGTCCCGGCATGCTGGTGCTGACCCCTACCCGTGAACTGGCTCTGCACGTCGAGGCTGA
GTGCTCCAAGTACTCCTACAAGGGCCTGAAGTCTATCTGCATCTACGGTGGTCGTAACCGTAACGGCCAGATC
GAGGACATCTCCAAGGGTGTCGACATCATCATTGCTACCCCCGGTCGTCTGAACGACCTGCAGATGAACAACT
CCGTGAACCTGCGTTCCATCACCTACCTGGTCATCGACGAGGCTGACAAGATGCTGGACATGGAGTTCGAGCC
CCAGATCCGCAAGATCCTGCTGGACGTGCGTCCCGACCGTCAGACCGTGATGACCTCCGCTACCTGGCCCGA
CACCGTGCGTCAGCTGGCTCTGTCTTACCTGAAGGACCCCATGATCGTGTACGTGGGCAACCTGAACCTGGTG
GCTGTGAACACCGTGAAGCAGAACATCATCGTGACCACCGAGAAGGAAAAGAGGGCTCTGACCCAAGAGTTCG
TCGAGAACATGTCCCCCAACGACAAGGTCATCATGTTCGTGTCCCAGAAGCACATTGCTGACGACCTGTCCTCC
GATTTCAACATCCAAGGCATCTCCGCTGAGTCCCTGCACGGCAACTCCGAGCAGTCCGACCAAGAGCGTGCTG
TCGAGGACTTCAAGTCCGGCAACATCAAGATCCTCATCACCACCGACATCGTGTCCCGTGGCCTGGACCTGAA
CGACGTGACCCACGTGTACAACTACGACTTCCCCCGTAACATCGACGTGTACGTGCACCGTGTGGGTTACATC
GGTCGCACCGGAAAGACCGGAACCTCCGTGACCCTGATCACCCAGCGCGACTCCAAGATGGCTGGCGAGCTG
ATCAAGATCTTGGACCGTGCTAACCAGTCCGTGCCCGAGGACCTGGTGGTCATGGCTGAGCAGTACAAGCTGA
ACCAGCAGAAGCGTCACCGCGAGACTCGTTCCCGCAAGCCCGGACAGCGTCGCAAGGAGTTCTACTTCCTGTC
C

Protein Sequence (Seq 1D No. 23):
MSHWAPEWKRAEANPRDL GASWDVRGSRGSGW SGPFGHQGPRAAGSREPPLCFKIKNNMVGVVIGY SGSKIKDL
QHSTNTKIQIINGESEAKVRIFGNREMKAKAKAAIETLIRKQESY NSESSVDNAASQTPIGRNLGRNDIVGEAEPLSNW
DRIRAAVVECEKRKWADLPPVKKNFYIESKATSCM SEMQVINWRKENFNITCDDLK SGEKRLIPKPTCRFKDAFQQY
PDLLKSIIRVGIVKPTPIQSQAWPIILQGIDLIVVAQTGTGKTLSY LMPGFIHLDSQPISREQRNGPGMLVLTPTRELALH
VEAECSKY SYKGLKSICIY GGRNRNGQIEDISKGVDIIATPGRLNDLQMNNSVNLRSITYLVIDEADKMLDMEFEPQIR
KILLDVRPDRQTVMTSATWPDTVRQLALSYLKDPMIVYVGNLNLVAVNTVKQNIIVTTEKEKRALTQEFVENMSPNDK
VIMFVSQKHIADDLSSDFNIQGISAESLHGNSEQSDQERAVEDFKSGNIKILITTDIVSRGLDLNDVTHVYNYDFPRNID
VYVHRVGYIGRTGKTGTSVTLITQRDSKMAGELIKILDRANQSVPEDLVVMAEQY KLNQQKRHRETRSRKPGQRRKE
FYFLS
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DDX43 QINXZ2 >P003043_Q21 1 Q211 tube DDX43 5551 0 0_NM_018665.2 0 QINXZ2 0
_Insert sequence is gene optimized by GeneArt_ 0 0 0
Nucleotide Sequence (Seq 1D No. 5):
ATGTCCCACCACGGTGGTGCTCCCAAGGCTTCCACCTGGGTGGTGGCTTCCCGTCGTTCCTCCACCGTGTCCC
GTGCTCCCGAGCGTCGTCCCGCTGAGGAACTGAACCGTACCGGTCCCGAGGGCTACTCCGTGGGTCGTGGTG
GTCGTTGGCGTGGCACCTCTCGTCCCCCTGAGGCTGTGGCTGCTGGTCACGAGGAACTGCCCCTGTGCTTCG
CTCTGAAGTCCCACTTCGTGGGTGCTGTGATCGGTCGCGGTGGTTCCAAGATCAAGAACATCCAGTCCACCAC
CAACACCACCATCCAGATCATCCAAGAGCAGCCCGAGTCCCTGGTCAAGATCTTCGGTTCCAAGGCTATGCAG
ACCAAGGCTAAGGCTGTGATCGACAACTTCGTGAAGAAGCTGGAAGAGAACTACAACTCCGAGTGCGGTATCG
ACACCGCTTTCCAGCCCTCCGTGGGCAAGGACGGTTCCACCGACAACAACGTGGTGGCTGGCGACCGTCCCC
TGATCGACTGGGACCAGATCCGTGAAGAGGGCCTGAAGTGGCAAAAGACCAAGTGGGCTGACCTGCCCCCCA
TCAAGAAGAACTTCTACAAGGAATCCACCGCTACCTCCGCTATGTCCAAGGTCGAGGCTGACTCCTGGCGCAA
GGAAAACTTCAACATCACCTGGGACGACCTGAAGGACGGCGAGAAGCGTCCCATCCCCAACCCTACCTGCACC
TTCGACGACGCTTTCCAGTGCTACCCCGAAGTGATGGAAAACATCAAGAAGGCTGGTTTCCAGAAGCCCACCC
CCATCCAGTCCCAGGCTTGGCCCATCGTGCTGCAGGGTATCGACCTGATCGGTGTCGCTCAGACCGGCACCG
GCAAGACCCTGTGCTACCTGATGCCCGGTTTCATCCACCTGGTGCTGCAGCCCTCCCTGAAGGGCCAGCGTAA
CCGTCCCGGCATGCTGGTGCTGACCCCTACCCGCGAACTGGCTCTGCAGGTCGAGGGCGAGTGCTGCAAGTA
CTCCTACAAGGGCCTGCGTTCCGTGTGCGTGTACGGTGGTGGCAACCGTGACGAGCAGATCGAGGAACTCAA
GAAGGGTGTCGACATCATCATCGCTACCCCCGGTCGTCTGAACGACCTGCAGATGTCCAACTTCGTCAACCTG
AAGAACATCACCTACCTGGTCCTGGACGAGGCTGACAAGATGCTGGACATGGGTTTCGAGCCCCAGATCATGA
AGATCCTGCTGGACGTGCGTCCCGACCGTCAGACCGTGATGACCTCCGCTACCTGGCCCCACTCCGTGCACC
GTCTGGCTCAGTCCTACCTGAAGGAACCCATGATCGTGTACGTGGGCACCCTGGACCTGGTGGCTGTGTCCTC
CGTGAAGCAGAACATCATCGTGACCACCGAGGAAGAGAAGTGGTCCCACATGCAGACTTTCTTGCAGTCCATG
TCCTCTACCGACAAGGTCATCGTGTTCGTGTCCCGCAAGGCTGTCGCTGACCACCTGTCCTCCGACCTGATCC
TGGGCAACATCTCCGTCGAGTCCCTGCACGGCGACCGCGAGCAGCGTGACCGCGAGAAGGCTCTCGAGAACT
TCAAGACCGGCAAGGTCCGCATCCTGATCGCTACCGACCTGGCTTCCCGCGGACTGGACGTGCACGACGTGA
CCCACGTGTACAACTTCGACTTCCCCCGTAACATCGAGGAATACGTGCACCGTATCGGTCGTACCGGTCGTGC
TGGTCGCACCGGTGTCTCCATCACCACCCTGACCCGTAACGACTGGCGTGTGGCTTCCGAGCTGATCAACATC
CTCGAGCGTGCTAACCAGTCCATCCCCGAGGAACTGGTGTCTATGGCTGAGCGTTTCAAGGCTCACCAGCAAA
AGCGCGAGATGGAACGCAAGATGGAACGTCCCCAGGGTCGTCCCAAGAAGTTCCAC

Protein Sequence (Seq ip No. 24):
MSHHGGAPKASTWVVASRRSSTV SRAPERRPAEELNRTGPEGY SVGRGGRWRGTSRPPEAVAAGHEEL PLCFAL
KSHFVGAVIGRGGSKIKNIQSTTNTTIQIQEQPESLVKIFGSKAMQTKAKAVIDNFVKKLEENYNSECGIDTAFQPSVG
KDGSTDNNVVAGDRPLIDWDQIREEGLKWQKTKWADLPPIKKNFYKESTATSAMSKVEADSWRKENFNITWDDLKD
GEKRPIPNPTCTFDDAFQCY PEVMENIKKAGFQKPTPIQSQAWPIVLQGIDLIGVAQTGTGKTLCYLMPGFIHLVLQPS
LKGQRNRPGMLVLTPTRELALQVEGECCKY SYKGLRSVCVY GGGNRDEQIEELKKGVDIIIATPGRLNDLQMSNFVN
LKNITYLVLDEADKMLDMGFEPQIMKILLDVRPDRQTVMTSATWPHSVHRLAQSYLKEPMIVYVGTLDLVAVSSVKQN
IIVTTEEEKWSHMQTFLQSMSSTDKVIVFVSRKAVADHLSSDLILGNISVESLHGDREQRDREKALENFKTGKVRILIAT
DLASRGLDVHDVTHVYNFDFPRNIEEY VHRIGRTGRAGRTGVSITTLTRNDWRVASELINILERANQSIPEELVSMAE
RFKAHOQOKREMERKMERPOGRPKKFH
GAGE1 Q13065 >P003036_Q21 1 Q211 tube GAGEL 2543 0_NM_001 040663.2 0 Q1 3068
_ 0 Insert sequence is gene optimized by GeneArt 0 0 0
Nucleotide Sequence (Seq 1D No. 6):
ATGTCCTGGCGTGGTCGTTCCACCTACTACTGGCCCCGTCCCCGTCGTTACGTGCAGCCCCCCGAGATGATCG
GTCCCATGCGTCCCGAGCAGTTCTCCGACGAGGTCGAGCCCGCTACCCCCGAGGAAGGCGAGCCTGCTACTC
AGCGTCAGGACCCCGCTGCTGCTCAAGAGGGCGAGGACGAGGGCGCTTCCGCTGGCCAGGGTCCTAAGCCC
GAGGCTGACTCCCAAGAGCAGGGTCACCCCCAGACCGGTTGCGAGTGCGAGGACGGTCCCGACGGTCAAGA
GATGGACCCCCCCAACCCTGAGGAAGTCAAGACCCCCGAAGAGGGCGAAGGCCAGTCCCAGTGC

Protein Sequence (Seq 1D No. 25):
MSWRGRSTY Y WPRPRRY VQPPEMIGPM RPEQFSDEV EPATPEEGEPATQRQDPAAAQEGEDEGA SAGQGPKPE
ADSQEQGHPQTGCECEDGPDGQEMDPPNPEEVKTPEEEMRSHYVAQTGILWLLMNNCFLNLSPRKP
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MAGEA10 P43363 >P003053 Q21 1 Q211 tube MAGEA10_4109_0_NM_001 011543.1_0_P433
63 0 Insert sequence is gene optimized by GeneArt 0 0 0
Nucleotide Sequence (Seq 1D No. 7):
ATGCCCCGTGCTCCCAAGCGTCAGCGTTGCATGCCCGAAGAGGACCTGCAGTCCCAGTCCGAGACTCAGGGC
CTCGAGGGTGCTCAGGCTCCCCTGGCTGTGGAAGAGGACGCTTCCAGCTCTACCTCTACCTCCTCCAGCTTCC
CCAGCAGCTTCCCATCCTCCAGCTCCTCTAGCTCCTCCTCCTGCTACCCCCTGATCCCCTCCACCCCCGAGGA
AGTGTCCGCTGACGACGAGACTCCCAACCCCCCCCAGTCCGCTCAGATCGCTTGCTCCTCCCCCTCCGTGGTG
GCTTCCCTGCCTCTGGACCAGTCCGACGAGGGTTCCAGCTCCCAGAAGGAAGAGTCCCCCAGCACCCTGCAG
GTCCTGCCCGACTCCGAGTCCCTGCCCCGTTCCGAGATCGACGAGAAGGTTACAGACCTGGTGCAGTTCCTGC
TGTTCAAGTACCAGATGAAGGAACCCATCACCAAGGCTGAGATCCTCGAGTCCGTGATCAAGAACTACGAGGA
CCACTTCCCCCTGCTGTTCTCCGAGGCTTCCGAGTGCATGCTGCTGGTGTTCGGTATCGACGTGAAGGAAGTG
GACCCTACCGGTCACTCCTTCGTGCTGGTCACCTCCCTGGGCCTGACCTACGACGGCATGCTGTCCGACGTGC
AGTCCATGCCCAAGACCGGTATCCTGATCCTCATCCTGTCCATCATCTTCATCGAGGGCTACTGCACTCCTGAG
GAAGTGATCTGGGAGGCTCTGAACATGATGGGCCTGTACGACGGAATGGAACACCTGATCTACGGCGAGCCC
CGCAAGCTGCTGACCCAGGACTGGGTGCAAGAGAACTACCTCGAGTACCGTCAGGTGCCCGGTTCCGACCCC
GCTCGTTACGAGTTCCTGTGGGGTCCCCGTGCTCACGCTGAGATCCGCAAGATGTCCCTGCTGAAGTTCCTGG
CTAAGGTCAACGGCTCCGACCCCCGTTCCTTCCCACTGTGGTACGAGGAAGCTCTGAAGGACGAGGAAGAGA
GGGCTCAGGACCGTATCGCTACCACCGACGACACCACCGCTATGGCTTCCGCTTCCTCTAGCGCTACCGGTTC
CTTCAGCTACCCCGAG

Protein Sequence (Seq Ip No. 26):

MPRAPKRQRCMPEEDL QSQSETQGLEGAQAPLAVEEDA SSST STSSSFPSSFPSSSSSSSSSCY PLIPSTPEEV SA
DDETPNPPQSAQIACSSPSVVASLPLDQSDEGSSSQKEESPSTLQVLPDSESLPRSEIDEKVTDLVQFLLFKY QMKE
PITKAEILESVIRNY EDHFPLLFSEASECMLLVFGIDVKEVDPTGHSFVLVTSLGLTYDGMLSDVQSMPKTGILILILSIVF
IEGY CTPEEVIWEALNMMGLYDGMEHLIY GEPRKLLTQDWVQENY LEYRQVPGSDPARY EFLWGPRAHAEIRKMSL
LKFLAKVNGSDPRSFPLWY EEALKDEEERAQDRIANDDNAMASASSSATGSFESY PE

ZNRD1 Q9P1uoO >P000875_TRN_TRNp2_ZNRD1_30834 Homo sapiens zinc ribbon domain
containing 1 transcript variant
b_BC010898.1_AAH10898.1 _Q9P1 U0_0_0_381 _0_378
Nucleotide Sequence (Seq 1D No. 8):
ATGTCTGTCATGGACCTCGCCAATACTTGCTCCAGCTTTCAGTCGGACCTGGATTTCTGTTCAGATTGCGGCTC
GGTCCTGCCTCTGCCCGGGGCTCAGGATACGGTCACCTGTATTCGCTGTGGCTTCAACATCAACGTTCGGGAC
TTTGAGGGGAAGGTTGTGAAGACTTCGGTTGTGTTCCACCAACTGGGGACAGCCATGCCTATGTCGGTGGAGG
AAGGGCCTGAGTGCCAGGGACCTGTGGTTGACAGGCGCTGCCCTCGATGTGGTCATGAAGGAATGGCATACC
ACACCAGACAGATGCGTTCAGCCGATGAAGGGCAAACTGTCTTCTACACCTGTACCAACTGCAAGTTCCAGGA
GAAGGAAGACTCT

Protein Sequence (Seq 1D No. 27):
MSVMDLANTCSSFQSDLDFCSDCGSVLPLPGAQDTVTCIRCGFNINVRDFEGKVVKTSVVFHQLGTAMPMSVEEGP
ECQGPVVDRRCPRCGHEGMAYHTROQMRSADEGQTVFYTCTNCKFQEKEDS
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MAP2K5 Q13163 >P000081_KIN96_KIN_MAP2K5 5607 Homo sapiens mitogen-activated

protein kinase kinase 5, transcript variant

A_BC008838.2_AAH08838. 1 Q13163 4111679 0 1347 0 1344
Nucleotide Sequence (Seq 1D No. 9):
ATGCTGTGGCTAGCCCTTGGCCCCTTTCCTGCCATGGAGAACCAGGTGCTGGTAATTCGCATCAAGATCCCAAA
TAGTGGCGCGGTGGACTGGACAGTGCACTCCGGGCCGCAGTTACTCTTCAGGGATGTGCTGGATGTGATAGG
CCAGGTTCTGCCTGAAGCAACAACTACAGCATTTGAATATGAAGATGAAGATGGTGATCGAATTACAGTGAGAA
GTGATGAGGAAATGAAGGCAATGCTGTCATATTATTATTCCACAGTAATGGAACAGCAAGTAAATGGACAGTTAA
TAGAGCCTCTGCAGATATTTCCAAGAGCCTGCAAGCCTCCTGGGGAACGGAACATACATGGCCTGAAGGTGAA
TACTCGGGCCGGACCCTCTCAACACAGCAGCCCAGCAGTCTCAGATTCACTTCCAAGCAATAGCTTAAAGAAGT
CTTCTGCTGAACTGAAAAAAATACTAGCCAATGGCCAGATGAATGAACAAGACATACGATATCGGGACACTCTT
GGTCATGGCAACGGAGGCACAGTCTACAAAGCATATCATGTCCCGAGTGGGAAAATATTAGCTGTAAAGGTCAT
ACTACTAGATATTACACTGGAACTTCAGAAGCAAATTATGTCTGAATTGGAAATTCTTTATAAGTGCGATTCATCA
TATATCATTGGATTTTATGGAGCATTTTTTGTAGAAAACAGGATTTCAATATGTACAGAATTCATGGATGGGGGAT
CTTTGGATGTATATAGGAAAATGCCAGAACATGTCCTTGGAAGAATTGCAGTAGCAGTTGTTAAAGGCCTTACTT
ATTTGTGGAGTTTAAAGATTTTACATAGAGACGTGAAGCCCTCCAATATGCTAGTAAACACAAGAGGACAGGTTA
AGCTGTGTGATTTTGGAGTTAGCACTCAGCTGGTGAATTCTATAGCCAAGACGTATGTTGGAACAAATGCTTATA
TGGCGCCTGAAAGGATTTCAGGGGAGCAGTATGGAATTCATTCTGATGTCTGGAGCTTAGGAATCTCTTTTATG
GAGCTTGCTCTTGGGAGGTTTCCATATCCTCAGATTCAGAAAAACCAGGGATCTTTAATGCCTCTCCAGCTTCTG
CAGTGCATTGTTGATGAGGATTCGCCCGTCCTTCCAGTTGGAGAGTTCTCGGAGCCATTTGTACATTTCATCAC
TCAGTGTATGCGAAAACAGCCAAAAGAAAGGCCAGCACCTGAAGAATTGATGGGCCACCCGTTCATCGTGCAG
TTCAATGATGGAAATGCCGCCGTGGTGTCCATGTGGGTGTGCCGGGCGCTGGAGGAGAGGCGGAGCCAGCAG
GGGCCCCCG

Protein Sequence (Seq ip No. 28):
MLWLALGPFPAMENQVLVIRIKIPNSGAVDWTVHSGPQLLFRDVLDVIGQVLPEATTTAFEY EDEDGDRITVRSDEEM
KAMLSYYY STVMEQQVNGQLIEPLQIFPRACKPPGERNIHGLKVNTRAGPSQHSSPAV SDSL PSNSLKK SSAELKKIL
ANGQMNEQDIRYRDTLGHGNGGTVYKAYHVPSGKILAVKVILLDITLELQKQIMSELEILYKCDSSY IIGFY GAFFVENR
ISICTEFMDGGSLDVY RKMPEHVLGRIAVAVVKGLTYLWSLKILHRDVKPSNMLVYNTRGQVKLCDFGVSTQLVNSIAK
TYVGTNAYMAPERISGEQY GIHSDVWSL GISFMEL AL GRFPY PQIQKNQGSLMPLQLLQCIVDEDSPVLPVGEFSEPF
VHFITQCMRKQPKERPAPEEL MGHPFIVQFNDGNAAVY SMWV CRAL EERRSQQGPP
MAGEA4 P43358 >P001216 CAG_CAGpl_MAGEA4 4103 Homo sapiens melanoma antigen
family A4 BCO017723.1_AAH17723.1_P43358 0_0 954 0 951
Nucleotide Sequence (Seq 1D No. 10):
ATGTCTTCTGAGCAGAAGAGTCAGCACTGCAAGCCTGAGGAAGGCGTTGAGGCCCAAGAAGAGGCCCTGGGC
CTGGTGGGTGCACAGGCTCCTACTACTGAGGAGCAGGAGGCTGCTGTCTCCTCCTCCTCTCCTCTGGTCCCTG
GCACCCTGGAGGAAGTGCCTGCTGCTGAGTCAGCAGGTCCTCCCCAGAGTCCTCAGGGAGCCTCTGCCTTAC
CCACTACCATCAGCTTCACTTGCTGGAGGCAACCCAATGAGGGTTCCAGCAGCCAAGAAGAGGAGGGGCCAA
GCACCTCGCCTGACGCAGAGTCCTTGTTCCGAGAAGCACTCAGTAACAAGGTGGATGAGTTGGCTCATTTTCTG
CTCCGCAAGTATCGAGCCAAGGAGCTGGTCACAAAGGCAGAAATGCTGGAGAGAGTCATCAAAAATTACAAGC
GCTGCTTTCCTGTGATCTTCGGCAAAGCCTCCGAGTCCCTGAAGATGATCTTTGGCATTGACGTGAAGGAAGTG
GACCCCACCAGCAACACCTACACCCTTGTCACCTGCCTGGGCCTTTCCTATGATGGCCTGCTGGGTAATAATCA
GATCTTTCCCAAGACAGGCCTTCTGATAATCGTCCTGGGCACAATTGCAATGGAGGGCGACAGCGCCTCTGAG
GAGGAAATCTGGGAGGAGCTGGGTGTGATGGGGGTGTATGATGGGAGGGAGCACACTGTCTATGGGGAGCCC
AGGAAACTGCTCACCCAAGATTGGGTGCAGGAAAACTACCTGGAGTACCGGCAGGTACCCGGCAGTAATCCTG
CGCGCTATGAGTTCCTGTGGGGTCCAAGGGCTCTGGCTGAAACCAGCTATGTGAAAGTCCTGGAGCATGTGGT
CAGGGTCAATGCAAGAGTTCGCATTGCCTACCCATCCCTGCGTGAAGCAGCTTTGTTAGAGGAGGAAGAGGGA
GTC

Protein Sequence (Seq 1D No. 29):

MSSEQK SQHCKPEEGVEAQEEALGLVGAQAPTTEEQEAAV SSSSPLV PGTLEEVPAAESAGPPQSPQGASALPTTI
SFTCWRQPNEGSSSQEEEGPSTSPDAESL FREALSNKVDELAHFLLRKYRAKELVTKAEMLERVIKNYKRCFPVIFG
KASESLKMIFGIDVKEVDPASNTYTLVTCLGLSYDGLLGNNQIFPKTGLLIIVLGTIAMEGDSASEEEIWEELGVMGVYD
GREHTVY GEPRKLLTQDWVQENYLEYRQVPGSNPARY EFLWGPRALAETSYVKVLEHVVRVNARVRIAYPSLREAA
LLEEEEGV
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STAT1 P42224 >P000068_KIN96_KIN_STAT1 6772 Homo sapiens signal transducer and
activator of transcription 1 9 1kDa transcript
varian_BC002704.2_AAH02704.1_P42224 93992.1 5 0 2139 0 2136

Nucleotide Sequence (Seq 1D No. 11):

ATGTCTCAGTGGTACGAACTTCAGCAGCTTGACTCAAAATTCCTGGAGCAGGTTCACCAGCTTTATGATGACAG

TTTTCCCATGGAAATCAGACAGTACCTGGCACAGTGGTTAGAAAAGCAAGACTGGGAGCACGCTGCCAATGAT

GTTTCATTTGCCACCATCCGTTTTCATGACCTCCTGTCACAGCTGGATGATCAATATAGTCGCTTTTCTTTGGAG

AATAACTTCTTGCTACAGCATAACATAAGGAAAAGCAAGCGTAATCTTCAGGATAATTTTCAGGAAGACCCAATC

CAGATGTCTATGATCATTTACAGCTGTCTGAAGGAAGAAAGGAAAATTCTGGAAAACGCCCAGAGATTTAATCAG

GCTCAGTCGGGGAATATTCAGAGCACAGTGATGTTAGACAAACAGAAAGAGCTTGACAGTAAAGTCAGAAATGT

GAAGGACAAGGTTATGTGTATAGAGCATGAAATCAAGAGCCTGGAAGATTTACAAGATGAATATGACTTCAAATG

CAAAACCTTGCAGAACAGAGAACACGAGACCAATGGTGTGGCAAAGAGTGATCAGAAACAAGAACAGCTGTTA

CTCAAGAAGATGTATTTAATGCTTGACAATAAGAGAAAGGAAGTAGTTCACAAAATAATAGAGTTGCTGAATGTC

ACTGAACTTACCCAGAATGCCCTGATTAATGATGAACTAGTGGAGTGGAAGCGGAGACAGCAGAGCGCCTGTA

TTGGGGGGCCGCCCAATGCTTGCTTGGATCAGCTGCAGAACTGGTTCACTATAGTTGCGGAGAGTCTGCAGCA

AGTTCGGCAGCAGCTTAAAAAGTTGGAGGAATTGGAACAGAAATACACCTACGAACATGACCCTATCACAAAAA

ACAAACAAGTGTTATGGGACCGCACCTTCAGTCTTTTCCAGCAGCTCATTCAGAGCTCGTTTGTGGTGGAAAGA

CAGCCCTGCATGCCAACGCACCCTCAGAGGCCGCTGGTCTTGAAGACAGGGGTCCAGTTCACTGTGAAGTTGA

GACTGTTGGTGAAATTGCAAGAGCTGAATTATAATTTGAAAGTCAAAGTCTTATTTGATAAAGATGTGAATGAGA

GAAATACAGTAAAAGGATTTAGGAAGTTCAACATTTTGGGCACGCACACAAAAGTGATGAACATGGAGGAGTCC

ACCAATGGCAGTCTGGCGGCTGAATTTCGGCACCTGCAATTGAAAGAACAGAAAAATGCTGGCACCAGAACGA

ATGAGGGTCCTCTCATCGTTACTGAAGAGCTTCACTCCCTTAGTTTTGAAACCCAATTGTGCCAGCCTGGTTTG

GTAATTGACCTCGAGACGACCTCTCTGCCCGTTGTGGTGATCTCCAACGTCAGCCAGCTCCCGAGCGGTTGGG

CCTCCATCCTTTGGTACAACATGCTGGTGGCGGAACCCAGGAATCTGTCCTTCTTCCTGACTCCACCATGTGCA

CGATGGGCTCAGCTTTCAGAAGTGCTGAGTTGGCAGTTTTCTTCTGTCACCAAAAGAGGTCTCAATGTGGACCA

GCTGAACATGTTGGGAGAGAAGCTTCTTGGTCCTAACGCCAGCCCCGATGGTCTCATTCCGTGGACGAGGTTT

TGTAAGGAAAATATAAATGATAAAAATTTTCCCTTCTGGCTTTGGATTGAAAGCATCCTAGAACTCATTAAAAAAC

ACCTGCTCCCTCTCTGGAATGATGGGTGCATCATGGGCTTCATCAGCAAGGAGCGAGAGCGTGCCCTGTTGAA

GGACCAGCAGCCGGGGACCTTCCTGCTGCGGTTCAGTGAGAGCTCCCGGGAAGGGGCCATCACATTCACATG

GGTGGAGCGGTCCCAGAACGGAGGCGAACCTGACTTCCATGCGGTTGAACCCTACACGAAGAAAGAACTTTCT

GCTGTTACTTTCCCTGACATCATTCGCAATTACAAAGTCATGGCTGCTGAGAATATTCCTGAGAATCCCCTGAAG

TATCTGTATCCAAATATTGACAAAGACCATGCCTTTGGAAAGTATTACTCCAGGCCAAAGGAAGCACCAGAGCC

AATGGAACTTGATGGCCCTAAAGGAACTGGATATATCAAGACTGAGTTGATTTCTGTGTCTGAAGTG

Protein Sequence (Seq 1D No. 30):

MSQWY ELQQLDSKFLEQVHQLY DDSFPMEIRQY LAQWLEKQDWEHAANDV SFATIRFHDLLSQLDDQY SRFSLEN

NFLLQHNIRKSKRNLQDNFQEDPIQMSMITY SCLKEERKILENAQRFNQAQSGNIQSTVMLDKQKELDSKVRNVKDKV
MCIEHEIKSLEDLQDEY DFKCKTLQNREHETNGVAKSDQKQEQLLLKKMYLMLDNKRKEVVHKIIELLNVTELTQNALI
NDELVEWKRRQQSACIGGPPNACLDQLQNWFTIVAESLQQVRQQLKKLEELEQKY TYEHDPITKNKQVLWDRTFSL
FQQLIQSSFVVERQPCMPTHPQRPLVLKTGVQFTVKLRLLVKLQELNYNLKVKVLFDKDVNERNTVKGFRKFNILGTH
TKVMNMEESTNGSLAAEFRHLQLKEQKNAGTRTNEGPLIVTEELHSLSFETQLCQPGLVIDLETTSLPVVVISNVSQL

PSGWASILWYNMLVAEPRNLSFFLTPPCARWAQLSEVLSWQFSSVTKRGLNVDQLNMLGEKLLGPNASPDGLIPWT
RFCKENINDKNFPFWLWIESILELIKKHLLPLWNDGCIMGFISKERERALLKDQQPGTFLLRFSESSREGAITFTWVER

SQNGGEPDFHAVEPY TKKELSAVTFPDIIRNYKVMAAENIPENPLKYLYPNIDKDHAFGKY Y SRPKEAPEPMELDGPK
GTGYIKTELISVSEV
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CT47A1 Q5JQC4 >P003099_Q21 1 Q211 tube CT47A1_728096_0 NM_001 080146.1_0 Q5J
QC4_0 Insert sequence is gene optimized by GeneArt 0 0 0
Nucleotide Sequence (Seq 1D No. 12):
ATGTCCGCTACCGGCGACCGTCACCCTACCCAGGGCGACCAAGAGGCTCCCGTGTCCCAAGAGGGTGCTCAG
GCTGAGGCTGCTGGTGCTGGCAACCAGGAAGGTGGCGACTCCGGTCCCGACTCCTCCGACGTGGTGCCTGCT
GCTGAGGTCGTGGGTGTCGCTGGTCCTGTCGAGGGCCTGGGAGAGGAAGAGGGCGAGCAGGCTGCTGGCCT
GGCTGCTGTGCCTCGTGGTGGTTCCGCTGAAGAGGACTCCGACATCGGTCCCGCTACCGAGGAAGAGGAAGA
AGAAGAGGGCAACGAGGCTGCTAACTTCGACCTGGCTGTGGTGGCTCGTCGTTACCCCGCTTCCGGTATCCAC
TTCGTGCTGCTGGACATGGTGCACTCCCTGCTGCACCGTCTGTCCCACAACGACCACATCCTGATCGAGAACC
GTCAGCTGTCCCGTCTGATGGTCGGACCCCACGCTGCTGCTCGTAACCTGTGGGGCAACCTGCCCCCCCTGC
TGCTGCCTCAACGTCTGGGAGCTGGTGCTGCTGCTAGGGCTGGCGAGGGACTGGGCCTGATCCAAGAGGCTG
CTTCCGTGCCCGAGCCCGCTGTGCCTGCTGACTTGGCTGAGATGGCCCGCGAGCCTGCTGAGGAAGCTGCTG
AAGAGAAGCTGTCCGAGGAAGCCACCGAGGAACCCGACGCTGAGGAACCAGCTACTGAGGAACCCACCGCTC
AAGAGGCTACCGCTCCTGAGGAAGTGACCAAGTCCCAGCCCGAGAAGTGGGACGAGGAAGCTCAGGACGCTG
CTGGCGAGGAAGAGAAGGAACAAGAAAAGGAAAAGGACGCCGAGAACAAGGTCAAGAACTCCAAGGGCACC

Protein Sequence (Seq 1D No. 31):
MSATGDRHPTQGDQEAPV SQEGAQAEAAGAGNQEGGDSGPDSSDVVPAAEVVGVAGPVEGLGEEEGEQAAGLA
AVPRGGSAEEDSDIGPATEEEEEEEGNEAANFDLAVVARRYPASGIHFVLLDMVHSLLHRLSHNDHILIENRQLSRLM
VGPHAAARNLWGNLPPLLLPQRLGAGAAARAGEGLGLIQEAASVYPEPAVPADLAEMAREPAEEAAEEKLSEEATEE
PDAEEPATEEPTAQEATAPEEV TKSQPEKWDEEAQDAAGEEEKEQEKEKDAENKVKNSKGT
IGF2BP3 000425 >P003224_Q31 1 Q311 tube IGF2BP3_1 0643_0_NM_006547.2_0_000425_
0_Insert sequence is gene optimized by GeneArt 0 0 0
Nucleotide Sequence (Seq 1D No. 13):
ATGAACAAGCTGTACATCGGCAACCTGTCCGAGAACGCTGCTCCCTCCGACCTCGAGTCCATCTTCAAGGACG
CTAAGATCCCCGTGTCCGGACCCTTCCTGGTCAAGACCGGTTACGCTTTCGTGGACTGCCCCGACGAGTCCTG
GGCTCTGAAGGCTATCGAGGCTCTGTCCGGCAAGATCGAGCTGCACGGCAAGCCCATCGAGGTCGAGCACTC
CGTGCCCAAGCGTCAGCGTATCCGCAAGCTGCAGATCCGTAACATCCCCCCACACCTCCAGTGGGAGGTGCT
GGACTCCCTGCTGGTGCAGTACGGTGTCGTCGAGTCCTGCGAGCAAGTGAACACCGACTCCGAGACTGCTGT
GGTCAACGTGACCTACTCCTCCAAGGACCAGGCTCGTCAGGCTCTGGACAAGCTGAACGGTTTCCAGCTCGAG
AACTTCACCCTGAAGGTGGCCTACATCCCCGACGAGATGGCTGCTCAGCAGAACCCCCTGCAGCAGCCCCGT
GGTCGTCGTGGACTGGGACAGCGTGGTAGCTCCCGTCAGGGTTCCCCCGGTTCCGTGTCCAAGCAGAAGCCC
TGCGACCTGCCCCTGCGTCTGCTGGTGCCTACCCAGTTCGTGGGTGCTATCATCGGCAAGGAAGGTGCTACCA
TCCGCAACATCACCAAGCAGACCCAGTCCAAGATCGACGTCCACCGCAAGGAAAACGCTGGCGCTGCTGAGAA
GTCCATCACCATCCTGTCCACCCCCGAGGGCACCTCCGCTGCTTGCAAGTCCATCCTCGAGATCATGCACAAG
GAAGCCCAGGACATCAAGTTCACCGAGGAAATCCCCCTGAAGATCCTGGCTCACAACAACTTCGTGGGTCGTC
TGATCGGAAAGGAAGGCCGTAACCTGAAGAAGATCGAGCAGGACACCGACACCAAGATCACCATCTCCCCACT
GCAAGAGCTGACCCTGTACAACCCCGAGCGTACCATCACCGTGAAGGGCAACGTGGAAACCTGCGCTAAGGC
TGAAGAGGAAATCATGAAGAAGATCCGCGAGTCCTACGAGAACGATATCGCTTCCATGAACCTGCAGGCTCAC
CTGATCCCCGGCCTGAACCTGAACGCTCTGGGCCTGTTCCCCCCTACCTCCGGCATGCCTCCTCCCACCTCTG
GTCCCCCCTCCGCTATGACCCCCCCATACCCCCAGTTCGAGCAGTCCGAGACTGAGACTGTGCACCTGTTCAT
CCCCGCTCTGTCCGTCGGTGCCATCATCGGAAAGCAGGGCCAGCACATCAAGCAGCTGTCCCGTTTCGCTGGT
GCTTCCATCAAGATCGCTCCCGCTGAGGCTCCCGACGCTAAGGTCCGCATGGTCATCATCACCGGTCCCCCCG
AGGCTCAGTTCAAGGCTCAGGGTCGTATCTACGGCAAGATCAAGGAAGAGAACTTCGTCAGCCCCAAGGAAGA
AGTGAAGCTCGAGGCTCACATCCGTGTGCCATCCTTCGCTGCTGGTCGTGTTATCGGCAAGGGTGGCAAGACC
GTGAACGAGCTGCAGAACCTGTCCTCCGCTGAGGTGGTGGTGCCCCGTGACCAGACCCCTGACGAGAACGAC
CAGGTGGTGGTCAAGATCACCGGTCACTTCTACGCTTGCCAGGTGGCCCAGCGCAAGATCCAAGAGATCCTGA
CCCAAGTGAAGCAGCACCAGCAGCAGAAGGCTCTGCAGTCCGGTCCCCCTCAGTCCCGTCGCAAG

Protein Sequence (Seq ip No. 32):

MNKLY IGNLSENAAPSDLESIFKDAKIPVSGPFLVKTGY AFVDCPDESWALKAIEALSGKIELHGKPIEVEHSVPKRQRI
RKLQIRNIPPHLQWEVLDSLLVQYGVVESCEQVNTDSETAVVNVTY SSKDQARQALDKLNGFQLENFTLKVAYIPDE
MAAQONPLQQPRGRRGLGQRGSSRQGSPGSV SKQKPCDLPLRLLVPTQFVGAIIGKEGATIRNITKQTQSKIDVHRK
ENAGAAEKSITILSTPEGTSAACKSILEIMHKEAQDIKFTEEIPLKILAHNNFVGRLIGKEGRNLKKIEQDTDTKITISPLQE
LTLYNPERTITVKGNVETCAKAEEEIMKKIRESY ENDIASMNLQAHLIPGLNLNALGLFPPTSGMPPPTSGPPSAMTPP
Y PQFEQSETETVHLFIPALSVGAIIGKQGQHIKQLSRFAGASIKIAPAEAPDAKVRMVIITGPPEAQFKAQGRIY GKIKEE
NFVSPKEEVKLEAHIRVPSFAAGRVIGKGGKTVNELQNLSSAEVVVPRDQTPDENDQVVVKITGHFY ACQVAQRKIQ
EILTQVKQHQQQKALQSGPPQSRRK




WO 2020/122817 PCT/SG2019/050611

37

CTAG2 075638 >P001440 CAG_CAGp2_CTAG2 30848 Homo sapiens cancer/testis antigen
2 transcript variant 2_BC002833.2_AAH02833.1_075638_0_0_633_0_630
Nucleotide Sequence (Seq 1D No. 14):
ATGCAGGCCGAAGGCCGGGGCACAGGGGGTTCGACGGGCGATGCTGATGGCCCAGGAGGCCCTGGCATTCC
TGATGGCCCAGGGGGCAATGCTGGCGGCCCAGGAGAGGCGGGTGCCACGGGCGGCAGAGGTCCCCGGGGC
GCAGGGGCAGCAAGGGCCTCGGGGCCGAGAGGAGGCGCCCCGCGGGGTCCGCATGGCGGTGCCGCTTCTG
CGCAGGATGGAAGGTGCCCCTGCGGGGCCAGGAGGCCGGACAGCCGCCTGCTTGAGTTGCACATCACGATG
CCTTTCTCGTCGCCCATGGAAGCGGAGCTGGTCCGCAGGATCCTGTCCCGGGATGCCGCACCGCTCCCCCGA
CCAGGGGCGGTTCTGAAGGACTTCACCGTGTCCGGCAACCTACTGTTTATGTCAGTTCGGGACCAGGACAGGG
AAGGCGCTGGGCGGATGAGGGTGGTGGGTTGGGGGCTGGGATCCGCCTCCCCGGAGGGGCAGAAAGCTAGA
GATCTCAGAACACCCAAACACAAGGTCTCAGAACAGAGACCTGGTACACCAGGCCCGCCGCCACCCGAGGGA
GCCCAGGGAGATGGGTGCAGAGGTGTCGCCTTTAATGTGATGTTCTCTGCCCCTCACATT

Protein Sequence (Seg 1D No. 33):
MQAEGQGTGGSTGDADGPGGPGIPDGPGGNAGGPGEAGATGGRGPRGA GAARASGPRGGAPRGPHGGAASAQ
DGRCPCGARRPDSRLLQLHITMPFSSPMEAELVRRILSRDAAPLPRPGAVLKDFTVSGNLLFMSVRDQDREGAGRM
RVVGWGL GSASPEGQKARDL RTPKHKY SEQRPGTPGPPPPEGAQGDGCRGVAFNVMESAPHI
RAD23B P54727 >P000309_SIG_SIG1 -1 RAD23B_5887 Homo sapiens RAD23 homolog B (S.
cerevisiae) BC020973.2_ AAH20973.1_P54727 541 730 1230 0 1227
Nucleotide Sequence (Seq 1D No. 15):
ATGCAGGTCACCCTGAAGACCCTCCAGCAGCAGACCTTCAAGATAGACATTGACCCCGAGGAGACGGTGAAAG
CACTGAAAGAGAAGATTGAATCTGAAAAGGGGAAAGATGCCTTTCCAGTAGCAGGTCAAAAATTAATTTATGCA
GGCAAAATCCTCAATGATGATACTGCTCTCAAAGAATATAAAATTGATGAGAAAAACTTTGTGGTGGTTATGGTG
ACCAAACCCAAAGCAGTGTCCACACCAGCACCAGCTACAACTCAGCAGTCAGCTCCTGCCAGCACTACAGCAG
TTACTTCCTCCACCACCACAACTGTGGCTCAGGCTCCAACCCCTGTCCCTGCCTTGGCCCCCACTTCCACACCT
GCATCCATCACTCCAGCATCAGCGACAGCATCTTCTGAACCTGCACCTGCTAGTGCAGCTAAACAAGAGAAGCC
TGCAGAAAAGCCAGCAGAGACACCAGTGGCTACTAGCCCAACAGCAACTGACAGTACATCGGGTGATTCTTCT
CGGTCAAACCTTTTTGAAGATGCAACGAGTGCACTTGTGACGGGTCAGTCTTACGAGAATATGGTAACTGAGAT
CATGTCAATGGGCTATGAACGAGAGCAAGTAATTGCAGCCCTGAGAGCCAGTTTCAACAACCCTGACAGAGCA
GTGGAGTATCTTTTAATGGGAATCCCTGGAGATAGAGAAAGTCAGGCTGTGGTTGACCCCCCTCAAGCAGCTA
GTACTGGGGTTCCTCAGTCTTCAGCAGTGGCTGCAGCTGCAGCAACTACGACAGCAACAACTACAACAACAAG
TTCTGGAGGACATCCCCTTGAATTTTTACGGAATCAGCCTCAGTTTCAACAGATGAGACAAATTATTCAGCAGAA
TCCTTCCTTGCTTCCAGCGTTACTACAGCAGATAGGTCGAGAGAATCCTCAATTACTTCAGCAAATTAGCCAACA
CCAGGAGCATTTTATTCAGATGTTAAATGAACCAGTTCAAGAAGCTGGTGGTCAAGGAGGAGGAGGTGGAGGT
GGCAGTGGAGGAATTGCAGAAGCTGGAAGTGGTCATATGAACTACATTCAAGTAACACCTCAGGAAAAAGAAG
CTATAGAAAGGTTAAAGGCATTAGGATTTCCTGAAGGACTTGTGATACAAGCGTATTTTGCTTGTGAGAAGAATG
AGAATTTGGCTGCCAATTTTCTTCTACAGCAGAACTTTGATGAAGAT

Protein Sequence (Seq ip No. 34):
MQVTLKTLQQQTFKIDIDPEETVKALKEKIESEKGKDAFPVAGQKLIYAGKILNDDTALKEYKIDEKNFVVVMVTKPKAV
STPAPATTQQSAPASTTAVTSSTTTTVAQAPTPVPALAPTSTPASITPASATASSEPAPASAAKQEKPAEKPAETPVA
TSPTATDSTSGDSSRSNLFEDATSALVTGQSY ENMVTEIMSMGY EREQVIAALRASFNNPDRAVEY LLMGIPGDRES
QAVVDPPQAASTGAPQSSAVAAAAATTTATTTTTSSGGHPL EFL RNQPQFQQMRQIIQQNPSLLPALLQQIGRENPQ
LLQQISQHQEHFIQMLNEPY QEAGGQGGGGGGGSGGIAEAGSGHMNY IQV TPQEK EAIERLKALGFPEGLVIQAYFA
CEKNENLAANFLLQQNFDED
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FADD Q13158 >P00041 7_SIG_SIG1-2_FADD_8772 Homo sapiens Fas (TNFRSF6)-

associated via death

domain_BC000334.2_ AAH00334.1_Q131 58 34265.45 0_627_0 624
Nucleotide Sequence (Seq 1D No. 16):
ATGGACCCGTTCCTGGTGCTGCTGCACTCGGTGTCGTCCAGCCTGTCGAGCAGCGAGCTGACCGAGCTCAAG
TTCCTATGCCTCGGGCGCGTGGGCAAGCGCAAGCTGGAGCGCGTGCAGAGCGGCCTAGACCTCTTCTCCATG
CTGCTGGAGCAGAACGACCTGGAGCCCGGGCACACCGAGCTCCTGCGCGAGCTGCTCGCCTCCCTGCGGCG
CCACGACCTGCTGCGGCGCGTCGACGACTTCGAGGCGGGGGCGGCGGCCGGGGCCGCGCCTGGGGAAGAA
GACCTGTGTGCAGCATTTAACGTCATATGTGATAATGTGGGGAAAGATTGGAGAAGGCTGGCTCGTCAGCTCAA
AGTCTCAGACACCAAGATCGACAGCATCGAGGACAGATACCCCCGCAACCTGACAGAGCGTGTGCGGGAGTC
ACTGAGAATCTGGAAGAACACAGAGAAGGAGAACGCAACAGTGGCCCACCTGGTGGGGGCTCTCAGGTCCTG
CCAGATGAACCTGGTGGCTGACCTGGTACAAGAGGTTCAGCAGGCCCGTGACCTCCAGAACAGGAGTGGGGC
CATGTCCCCGATGTCATGGAACTCAGACGCATCTACCTCCGAAGCGTCC

Protein Sequence (Seq 1D No. 35):
MDPFLVLLHSVSSSLSSSEL TELKFLCLGRVGKRKLERVQSGLDLFSMLLEQNDLEPGHTELLRELLASLRRHDLLRR
VDDFEAGAAAGAAPGEEDLCAAFNVICDNVGKDWRRLARQLKVSDTKIDSIEDRY PRNLTERVRESLRIWKNTEKEN
ATVAHLVGALRSCOMNLVADLVQEVQQARDLQNRSGAMSPMSWNSDASTSEAS
PTPN20A Q4JDL3 >P003090_Q21 1 Q211 tube PTPN20A_6531 29_0_NM_001 042387.1 0 Q4
JDL3 0 _Insert sequence is gene optimized by GeneArt_ 0 0 0
Nucleotide Sequence (Seq 1D No. 17):
ATGTCCTCCCCCCGTGACTTCCGTGCTGAGCCCGTGAACGACTACGAGGGCAACGACTCCGAGGCTGAGGAC
CTGAACTTCCGTGAAACCCTGCCCTCCAGCTCCCAAGAGAACACCCCCCGTTCCAAGGTGTTCGAGAACAAGG
TCAACTCCGAGAAGGTCAAGCTGTCCCTGCGCAACTTCCCCCACAACGATTACGAGGACGTGTTCGAGGAACC
CTCCGAGTCCGGTTCCGACCCCTCCATGTGGACCGCTCGTGGTCCCTTCCGTCGTGACCGTTGGTCCTCCGAG
GACGAGGAAGCTGCTGGACCCTCCCAGGCTCTGTCCCCCCTGCTGTCCGACACCCGCAAGATCGTGTCCGAG
GGCGAGCTGGACCAGCTGGCTCAGATCCGTCCCCTGATCTTCAACTTCCACGAGCAGACCGCTATCAAGGACT
GCCTGAAGATCCTCGAGGAAAAGACCGCTGCTTACGACATCATGCAAGAGTTCATGGCTCTCGAGCTGAAGAA
CCTGCCCGGCGAGTTCAACTCCGGCAACCAGCCCTCCAACCGCGAGAAGAACCGTTACCGTGACATCCTGCCT
TTCCAGCACCACGGTTACTCCGGTCCCAACGAGCGTACCACCTTCTGGCACGGTTCCAACGAGGGTGCTGTGT
CCCTGCTGCTGCGCTACTGCGCT

Protein Sequence (Seq 1D No. 36):

MSSPRDFRAEPVNDY EGNDSEAEDLNFRETLPSSSQENTPRSKVFENKVNSEKVKLSLRNFPHNDY EDVFEEPSES
GSDPSMWTARGPFRRDRWSSEDEEAAGPSQALSPLLSDTRKIVSEGELDQLAQIRPLIFNFHEQTAIKDCLKILEEKT
AAYDIMQEFMALELKNLPGEFNSGNQPSNREKNRYRDILPYDSTRVPLGKSKDYINASYIRIVNCGEEY FYIATQGPLL
STIDDFWQMVLENNSNVIAMITREIEGGIIKCYHYWPISLKKPLELKHFRVFLENY QILQY FIIRMFQVVEKSTGTSHSVK
QLQFTKWPDHGTPASADSFIKYIRYARKSHLTGPMVVHCSAGIGRTGVFLCVDVVFCAIVKNCSFNIMDIVAQMREQ
RSGMVQTKEQYHFCYDIVLEVLRKLLTLD
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TPM1 P09493 >P001454 CAG_CAGp2_TPM1 71 68 Homo sapiens tropomyosin 1
(alpha)_BC007433.2_AAH07433. 1 P09493 0_0_855 0 852
Nucleotide Sequence (Seq 1D No. 18):
ATGGACGCCATCAAGAAGAAGATGCAGATGCTGAAGCTCGACAAGGAGAACGCCTTGGATCGAGCTGAGCAG
GCGGAGGCCGACAAGAAGGCGGCGGAAGACAGGAGCAAGCAGCTGGAAGATGAGCTGGTGTCACTGCAAAA
GAAACTCAAGGGCACCGAAGATGAACTGGACAAATATTCTGAGGCTCTCAAAGATGCCCAGGAGAAGCTGGAG
CTGGCAGAGAAAAAGGCCACCGATGCTGAAGCCGACGTAGCTTCTCTGAACAGACGCATCCAGCTGGTTGAGG
AAGAGTTGGATCGTGCCCAGGAGCGTCTGGCAACAGCTTTGCAGAAGCTGGAGGAAGCTGAGAAGGCAGCAG
ATGAGAGTGAGAGAGGCATGAAAGTCATTGAGAGTCGAGCCCAAAAAGATGAAGAAAAAATGGAAATTCAGGA
GATCCAACTGAAAGAGGCAAAGCACATTGCTGAAGATGCCGACCGCAAATATGAAGAGGTGGCCCGTAAGCTG
GTCATCATTGAGAGCGACCTGGAACGTGCAGAGGAGCGGGCTGAGCTCTCAGAAGGCCAAGTCCGACAGCTG
GAAGAACAATTAAGAATAATGGATCAGACCTTGAAAGCATTAATGGCTGCAGAGGATAAGTACTCGCAGAAGGA
AGACAGATATGAGGAAGAGATCAAGGTCCTTTCCGACAAGCTGAAGGAGGCTGAGACTCGGGCTGAGTTTGCG
GAGAGGTCAGTAACTAAATTGGAGAAAAGCATTGATGACTTAGAAGACGAGCTGTACGCTCAGAAACTGAAGTA
CAAAGCCATCAGCGAGGAGCTGGACCACGCTCTCAACGATATGACTTCCATG

Protein Sequence (Seq 1D No. 37):
MDAIKKKMQMLKLDKENALDRAEQAEADKKAAEDRSKQLEDELVSLQKKLKGTEDELDKY SEALKDAQEKLELAEKK
ATDAEADVASLNRRIQLVEEELDRAQERLATALQKLEEAEKAADESERGMKVIESRAQKDEEKMEIQEIQLKEAKHIA
EDADRKYEEVARKLVIIESDLERAEERAEL SEGKCAELEEELKTVTNNLKSLEAQAEKY SQKEDRY EEEIKVLSDKLKE
AETRAEFAERSVTKLEKSIDDLEDELYAQKLKYKAISEELDHALNDMTSI
CTAGIA P78358 >P003024 Q21 1 Q211 tube CTAGLA_246100 0 NM_139250.1 0 P78358
_0 Insert sequence is gene optimized by GeneArt_ 0 0 0
Nucleotide Sequence (Seq 1D No. 19):
ATGCAGGCTGAGGGTCGTGGCACCGGTGGTTCCACTGGCGACGCTGACGGTCCCGGTGGTCCTGGTATCCCC
GACGGTCCTGGTGGCAACGCTGGTGGTCCAGGCGAGGCTGGTGCTACCGGTGGTCGTGGTCCTCGTGGTGCT
GGTGCTGCTCGTGCTTCCGGTCCAGGTGGTGGTGCTCCCCGTGGTCCTCACGGTGGTGCTGCTTCCGGCCTG
AACGGTTGCTGCCGTTGCGGTGCTCGCGGTCCCGAGTCCCGTCTGCTCGAGTTCTACCTGGCTATGCCCTTCG
CTACCCCTATGGAAGCTGAGCTGGCTCGTCGTTCCCTGGCTCAGGACGCTCCTCCTCTGCCCGTGCCCGGTGT
CCTGCTGAAGGAGTTCACTGTCTCCGGCAACATCCTGACCATCCGTCTGACCGCTGCTGACCACCGTCAGCTC
CAGCTGTCCATCTCCTCATGCCTGCAGCAGCTGTCCCTGCTGATGTGGATCACCCAGTGTTTCTTGCCCGTGTT
CCTGGCTCAGCCCCCCTCCGGTCAACGTCGT

Protein Sequence (Seq 1D No. 38):

MQAEGRGTGGSTGDADGPGGPGIPDGPGGNAGGPGEA GATGGRGPRGAGAARA SGPGGGAPRGPHGGAASGL
NGCCRCGARGPESRLLEFYLAMPFATPMEAELARRSLAQDAPPLPVPGVLLKEFTVSGNILTIRLTAADHRQLQLSIS
SCLQQLSLLMWITQCFLPVFLAQPPSGQRR
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Claims

1

A method for diagnosing Non-Small Cell Lung Cancer from a sample extracted

from a subject, comprising the steps of:

0] testing the sample for the presence of biomarkers specific for Non-Small
Cell Lung Cancer;

(i) determining whether the subject has Non-Small Cell Lung Cancer based on
the detection of said biomarkers;

characterised in that the biomarkers are autoantibodies to antigens comprising

XAGEI1D, LRRFIP2 and GAGE2C.

The method according to claim 1wherein the antigens further comprise one or more
of DDX53, DDX43, GAGE1, MAGEA10, ZNRDI, MAP2K5, MAGEA4, STAT],

CT47A1, IGF2BP3, CTAG2, RAD23B, FADD, PTPN20A, TPM1, CTAGIA.

The method according to clam 1 or 2 wherein the antigens are biotinylated

proteins.

The method according to claim 3 wherein each biotinylated protein isformed from
a Biotin Carboxyl Carrier Protein folding marker which is fused in-frame with a

protein.

The method according to claim 3 or 4 wherein the biotinylated proteins are bound

to a streptavidin-coated substrate.
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The method according to clam 5 wherein the substrate comprises a hydrogel-

forming polymer base layer.

The method according to any preceding claim wherein the antigens are exposed to
a sample extracted from a person, such that autoantibody biomarkers from the

sample may bind to the antigens.

The method according to claim 7 wherein the antigens are subsequently exposed to
a fluorescently-tagged secondary antibody to alow the amount of any

autoantibodies from the sample bound to the antigens to be determined.

The method according to clam 8 wherein the presence of non-small cell lung
cancer corresponds to the relative or absolute amount of autoantibodies from the

sample specifically binding to the antigens.

The method according to any preceding claim wherein the sample comprises any
or any combination of exosomes, blood, serum, plasma, urine, saliva, amniotic

fluid, cerebrospinal fluid, breast milk, semen or bile.

The method according to any preceding claim wherein the steps are performed in

vitro.
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The method according to any preceding claim wherein the method comprises

detecting upregulation/downregulation of one or more of said biomarkers.

A method for manufacturing a kit for diagnosing Non-Small Cell Lung Cancer
from a sample extracted from a subject, comprising the steps of:

for each antigen in a panel, cloning a biotin carboxy! carrier protein folding
marker in-frame with a gene encoding the antigen and expressing the resulting
biotinylated antigen;

binding the biotinylated proteins to addressable locations on one or more
streptavidin-coated substrates, thereby forming an antigen array ;

such that the amount of autoantibodies from the sample binding to the
antigens on the panel can be determined by exposing the substrate to the sample
and measuring the response;

characterised in that the antigens comprise XAGEL1D, LRRFIP2 and

GAGE2C.

The method according to claim 13 wherein the antigens further comprise one or
more of DDX53, DDX43, GAGE1, MAGEA 10, ZNRD1, MAP2K5, MAGEAA4,
STAT1, CT47A1, IGF2BP3, CTAG2, RAD23B, FADD, PTPN20A, TPM1,

CTAGIA.

A composition comprising a panel of antigens for detecting non-small cell lung
cancer, characterised in that the antigens comprise XAGE1D, LRRFIP2 and

GAGE2C.
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A composition according to claim 15 wherein the antigens further comprise one or
more of DDX53, DDX43, GAGE1, MAGEA 10, ZNRD1, MAP2K5, MAGEAA4,
STAT1, CT47A1, IGF2BP3, CTAG2, RAD23B, FADD, PTPN20A, TPM1,

CTAGIA.

A composition according to claim 15 or 16 wherein the antigens are biotinylated

proteins.

A composition according to any of claims 15-17 wherein the amount of one or more
exosomal autoantibody biomarkers binding in vitrotothe antigensin a sample from

apatient can be measured to determine the presence of non-small cell lung cancer.

A composition comprising a panel of exosoma autoantibody biomarkers for
detecting non-small cell lung cancer:

wherein the levels of exosoma autoantibody biomarkers are measured in a
sample from aNSCLC patient;

characterised in that the exosomal autoantibody biomarkers are selected from
autoantibodies specific for at least X Antigen Family Member 1D (XAGELD), LRR

Binding FLU Interacting Protein 2 (LRRFIP2) and G Antigen 2C (GAGE2C).
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Figure 3 (continued)
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Figure 5 (continued)
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Figure 6 (continued)
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Figure 8
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Figure 9
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