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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 

5 (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 

10 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: 

15 

1) 

2) 

3) 

Low sensitivity and specificity of diagnosis of cancerous diseases 

Low prognostic/predictive value 

Not important for clinical decision making 

4) Original claims fail validation (false discoveries) 

For Non-small cell Lung Cancer (NSCLC), although many individual proteins have 

20 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. 

25 An aim of the invention therefore is to provide an improved panel of autoantibody 

biomarkers for the detection of Non-Small Cell Lung Cancer. 

Summary of Invention 

In one aspect of the invention, there is provided a method for diagnosing Non-Small 

30 Cell Lung Cancer from a sample extracted from a subject, comprising the steps of: 

(i) testing the sample for the presence of autoantibody biomarkers specific for 

Non-Small Cell Lung Cancer; 
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(ii) 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 GAGE2C. 

Advantageously the autoantibody biomarkers can be used in the diagnosis of non-small 

cell lung cancer. 

In one embodiment the sample is tested using a panel of antigens that correspond to the 

10 autoantibody biomarkers. Typically the antigens are biotinylated proteins. 

Advantageously the biotinylation ensures that the antigens are folded in their correct 

form to ensure accuracy of detection by the autoantibody biomarkers. 

In one embodiment the antigens further comprise one or more of DDX53, DDX43, 

15 GAGEl, MAGEA10, ZNRD1, MAP2K5, MAGEA4, STAT1, CT47A1, IGF2BP3, 

CTAG2, RAD23B, FADD, PTPN20A, TPM1, CTAG1A. 

It should be noted that not all antigens generate an autoantibody response and it is not 

possible to predict a priori which antigens will do so in a given cancer patient cohort -

20 of more than 1600 antigens tested, only autoantibodies against the 19 antigens described 

above are suitable as biomarkers in NSCLC. Advantageously some of the 19 antigens 

are recognised by autoantibody biomarkers even when the well-known EGFR test for 

NSCLC is negative. 

25 In one embodiment each biotinylated protein is formed from a Biotin Carboxyl Carrier 

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

30 

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

substrate. 

Advantageously full-length proteins are expressed as fusions 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' 
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(i.e. non-biotinylated) form such that it cannot attach to a streptavidin substrate. Thus 

only correctly folded fusion proteins become attached to the streptavidin substrate via 

the biotin moiety appended to the Beep tag. 

5 In one embodiment the substrate comprises a glass slide, biochip, strip, slide, bead, 

microtitre plate well, surface plasmon resonance support, micro fluidic device, thin film 

polymer base layer, hydrogel-forming polymer base layer, or any other device or 

technology suitable for detection of antibody-antigen binding. 

10 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. 

15 

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 in the 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 

20 prognostic markers. The exosomal autoantibody biomarkers detected using the Beep 
folding marker technology are therefore potentially superior compared to the majority 

of serological biomarkers identified using conventional approaches. 

In one embodiment following exposure to the sample, the substrate is exposed to a 

25 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-IgG2, anti-IgG3, anti-IgG4 

or anti-IgA. 

30 

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. 
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Claims 

 

1. A method for diagnosing Non-Small Cell Lung Cancer from a sample comprising 

serum and/or plasma extracted from a subject, comprising the steps of: 

(i) testing the sample for the presence of biomarkers specific for Non-Small 5 

Cell Lung Cancer; 

(ii) 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 

XAGE1D, LRRFIP2 and GAGE2C. 10 

 

2. The method according to claim 1 wherein the antigens further comprise one or more 

of DDX53, DDX43, GAGE1, MAGEA10, ZNRD1, MAP2K5, MAGEA4, STAT1, 

CT47A1, IGF2BP3, CTAG2, RAD23B, FADD, PTPN20A, TPM1, CTAG1A. 

 15 

3. The method according to claim 1 or 2 wherein the antigens are biotinylated 

proteins. 

 

4. The method according to claim 3 wherein each biotinylated protein is formed from 

a Biotin Carboxyl Carrier Protein folding marker which is fused in-frame with a 20 

protein. 

 

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

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

forming polymer base layer. 

 

7. The method according to any preceding claim wherein the antigens are exposed to 5 

a sample extracted from a person, such that autoantibody biomarkers from the 

sample may bind to the antigens. 

 

8. The method according to claim 7 wherein the antigens are subsequently exposed to 

a fluorescently-tagged secondary antibody to allow the amount of any 10 

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

 

9. The method according to claim 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. 15 

 

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

vitro. 

 

11. The method according to any preceding claim wherein the method comprises 20 

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

 

12. A method for manufacturing a kit for diagnosing Non-Small Cell Lung Cancer 

from a sample extracted from a subject, comprising the steps of: 

MCSGLLP
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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 proteins to addressable locations on one or more 

streptavidin-coated substrates, thereby forming an antigen array ; 5 

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. 10 

 

13. The method according to claim 12 wherein the antigens further comprise one or 

more of DDX53, DDX43, GAGE1, MAGEA10, ZNRD1, MAP2K5, MAGEA4, 

STAT1, CT47A1, IGF2BP3, CTAG2, RAD23B, FADD, PTPN20A, TPM1, 

CTAG1A. 15 

 

14. A composition comprising a panel of antigens for detecting non-small cell lung 

cancer, characterised in that the antigens comprise XAGE1D, LRRFIP2 and 

GAGE2C. 

 20 

15. A composition according to claim 14 wherein the antigens further comprise one or 

more of DDX53, DDX43, GAGE1, MAGEA10, ZNRD1, MAP2K5, MAGEA4, 

STAT1, CT47A1, IGF2BP3, CTAG2, RAD23B, FADD, PTPN20A, TPM1, 

CTAG1A. 
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16. A composition according to claim 14 or 15 wherein the antigens are biotinylated 

proteins. 

 

17. A composition according to any of claims 14-16 wherein the amount of one or more 5 

exosomal 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. 

 

18. A composition comprising a panel of exosomal autoantibody biomarkers for 

detecting non-small cell lung cancer: 10 

wherein the levels of exosomal autoantibody biomarkers are measured in a 

sample from a NSCLC patient; 

characterised in that the exosomal autoantibody biomarkers are selected from 

autoantibodies specific for at least X Antigen Family Member 1D (XAGE1D), LRR 

Binding FLII Interacting Protein 2 (LRRFIP2) and G Antigen 2C (GAGE2C). 15 
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