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Abstract
There are two major accomplishments in the present study. Firstly, the validation 
of multiplex proximity ligation assay (PLA) into a high throughput technology 
capable of profiling 74 putative biomarkers consuming only 1 µL total sample
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Results – Biomarker Discovery
After end screening using our four panels, statistical analysis revealed 
that 36 proteins showed discrimination between CRC patients and 
controls Here known markers as CEA CA242 CA 19 9 and TIMP 1 are

Results – evaluation of multiplex PLA
Four multiplex panels each containing 17-20 analytes, 3 internal control non-
human proteins, and 1 DNA sequence standard were constructed.  See all  74 
protein markers selected in Table B.capable of profiling 74 putative biomarkers consuming only 1 µL total sample. 

Secondly, the different proteins that demonstrated to be potential colorectal 
cancer (CRC) biomarkers. In the technology development we configured the 
assays into 4 panels containing each 17-20 analytes along with 4 controls which 
were evaluated for immunoassay performance. By successfully applying readily 
available affinity purified polyclonal antibodies as the target specific binding 
reagent and eliminating antibody cross reactivity through the unique dual nucleic 
acid reporter system of PLA, we show the technology’s potential for removing 
some of the major hurdles in high content immunoassay development. 

controls. Here known markers as CEA, CA242, CA 19.9 and TIMP-1 are 
some examples (Figure F), the rest are marked with dark green in Table B.

protein markers selected in Table B. 

Each protein marker was evaluated 
for immunoassay performance by 
preparing dilution series of buffer 
with spiked in antigens in 24-plex. 

• 45 out of 54 assays could detect 

Figure D
Figure F

Introduction – in solution PLA
In solution PLA employs two primary 
antibodies linked to DNA strands and 
upon simultaneous and proximal 
binding to a target protein the two 
strands can be connected by ligation 

y
levels down to 2 pM (Figure D).

• Estimated dynamic range of 3 
orders of magnitude.

Figure E

The specificity of the proximity probes was 

Figure G

Figure A

Validation of the assays were done using 
ELISA

(Figure A). The DNA strands now form 
a PCR amplicon detectable by real-time 
qPCR. The amplification ability of the 
DNA strands drive the sensitivity and 
lowers sample consumption.

Methods - PLA
PLA is a three step process that involves
1 binding of paired antibody oligonucleotide probes to a protein target in

confirmed using non-relevant antigens. 
Evaluation of IL-6 is illustrated in Figure E.

• 71 of 74 assays showed no cross-reactivity

• no cross-reactivity in chicken plasma.

Panel 1 2 3 4

Table B

• IL-8 detection in very few samples by 
ELISA.

• IL-8 detection in all samples by PLA.
Indicating that PLA is a well suited method 
to quantify low abundance plasma proteins 
(Figure G).

Introduction – CRC Biomarker Discovery
Today approximately 36% of CRC cases are diagnosed when the tumor is 
regional but spreading and 20% of CRC cases are diagnosed in the advanced 
stage when curative surgical treatment is not possible and chemotherapy 
remains the only option (1). To improve the 5 year survival rate early detection 
is therefore of high relevance.

1. binding of paired antibody-oligonucleotide probes to a protein target in 
plasma followed by enzymatic ligation

2. templated preamplification of the oligonucleotides in proximity
3. qPCR detection 

Figure B

Panel  1 2 3 4

Dilution  1:1 1:1 1:10 1:100

Sequence

1 Carbonic Anhydrase IX Survivin Spondin‐2/Midin Clusterin

2 MCP‐1 (CCL2)  Desmin EPCAM No assay

3 Mesothelin HGF R/cMET NSE (enolase 2) sP‐selectin

4 IL‐6 IL‐17 Transaldolase 1 MMP‐2
5 No assay IL‐23 No assay MMP‐9

6 oit1 / FAM3D FoxP3 Galectin‐3 Tenascin‐C

7 CEACAM 5 pAb CEACAM 5 pAb TIMP1 TIMP1

8 VEGF CEACAM1 EGFR CRP

9 No assay TGFb1 TFF3 PAI‐1 / Serpin

10 No assay TGFb3 u‐PA sVCAM/CD106

11 CEACAM 5 mAb KLK3 (PSA) CEACAM 5 mAb IGF‐I 

12 CA125 Cystatin SN Transferrin Receptor (CD71) Cathepsin B 

13 Her4 Prolactin CA 15.3 Angiogenin

14 HGF/SF DcR3 CA19‐9 IGF2

15 FABP2 IL8 Tropomyosin  (CH1) Tetranectin

16 Oligo PCR * Oligo PCR * Oligo PCR * Oligo PCR *
17 APC * APC * APC * APC *
32 GFP * GFP * GFP * GFP *
35 IL8 CTGF OPN Cystatin C
38 PE * PE * PE * PE *

The multiplex strategy is 
created by conjugating 40-mer 3’ 
and 5’ oligonucleotide sequences 

Figure C

Splint
A B

Charateristics Subjects, n (%)
Gender

Female 36 (49)
Male 38 (51)

Age group
40-49 3 (4)
50-59 10 (14)
60-69 17 (23)
70-79 24 (32)

We combined validation of multiplex 
PLA in biological material with a pilot 
study in CRC biomarker discovery. 

For this purpose a case control study was

Table A

Discussion/Conclusion
With the successful validation of the multiplexed PLA technology, we find 
that this technology possesses all the required qualities for a biomarker 
discovery tool. Knowing that far more samples should be included before 
conclusions regarding CRC detection markers can be drawn we are now

45 Her2 GDNF MIF IGFBP‐1

51 Her3 Fractalkine No assay GRP78/HSPA5/BiP

53 TNFa MIP‐1 SLPI Kallikrein 11

57 IL‐1a CA 242 S100A8 YKL‐40

*Internal control used for normalization  and reaction quality control

to specific antibodies, 
constructed of a central 20 bp

connector specific sequence 
denoted universal and a flanking 

20 bp sequence for primer 
targeting in PCR amplification 

and qPCR (Figure C).

Splint

Unique UniqueUniversal

Ab
Ab
Ab Ab

Ab
Ab

Unique UniqueUniversal 80-89 19 (26)
90-99 1 (1)

Cancer stage
AJCC classification
I 8 (11)
II 30 (40)
III 16 (22)
IV 15 (20)
Not specified 5 (7)

For this purpose a case-control study was 
designed by randomly selecting 74 
biobanked stage I-IV CRC patient 
plasma samples and 74 age and gender 
matched healthy individuals, see table A.
EDTA blood samples were collected at 
time of endoscopy. 

conclusions regarding CRC detection markers can be drawn, we are now 
initiating a larger study.
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