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Immunogen Preparation

Plasma from 20 non small cell lung cancer and 20 clinically matched healthy 
controls were obtained from Proteogenex (USA). 
Plasma was first depleted of 12 abundant proteins (single depleted plasma) 
using the IgY-12 protein depletion kit (Beckman Coulter).

Depleted cancer plasma was further fractionated (double depleted plasma) by 
multi-lectin affinity chromatography to enrich for glycoproteins2.
Enriched glycoproteins were subject to a process of normalization (normalized 
MLAC material) via an anti-human pAb affinity chromatography procedure3.

Both double depleted plasma and normalized MLAC material were used to 
generate mAb library.
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Biomarker candidates

Qualification screen on a cohort of 271 subjects (250 cancer patients and 51 controls)

1 2 3 4 5

Gender M M M M M

Diagnosis Healthy Healthy Lung cancer Lung cancer Lung cancer

Smoking No 30 years, 1 pack/day No 45 years,1.5 pack/day 35 years, 1 pack/day

Hpt Conc. (mg/mL) 0.82 0.76 3.4 2.86 3.2

Sandwich ELISA Using anti-Hpt-� and anti-Hpt-� mAbs
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y = ( (A - D)/(1 + (x/C) B̂ ) ) + D: A B C D R̂ 2

STD#1 (Standards: Concentration vs Mean OD Value) 0.004 1.51 12.02 0.187 0.995
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(anti-Hpt-� )

Haptoglobin

Sandwich ELISA
BSI0033 recognized the Hpt-� chain while another 
mAB, BSI 0068 recognizes Hpt-� chain. These two 
antibodies were used to develop a sandwich ELISA.

Sandwich ELISA confirms initial screening data
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Cognate antigen ID and Characterization of BSI0033 mAB

mAb BSI0033   has strong affinity for native haptoglobin (Hpt) 
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Hpt is a (�� )2 tetramer and BSI0033 (anti-Hpt-� ) specifically 
targets the � chain. Surface plasmon resonance (SPR) was 
used to determine the affinity constant (KD) for non-reduced 
(native tetramer)

Conclusion
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1) A high throughput workflow to produce a library of hybridoma supernatants against a complex mixture of native and glycosylated proteins has 
been developed. A total of 1051 IgG producing hybridomas for screening studies were generated.

2) The hybridoma supernatants were screened using normal and lung cancer patient plasma. A total of 184 positive hits were shown to 
discriminate lung cancer from matched controls (pooled samples).

3)  Selected hybridomas were qualified by further testing of individual plasma samples from two additional cohorts. Pricipal compaonent analysis 
and non parametric statistical tests show that BSI’s antibodies are detecting stage I lung cancer, and the antibodies are specific for cancer type, 
e.g. they disciminate adenocarcinoma from squamous cell carcinoma. 

3) Candidate mAbs were produced and harvested from ascites fluid and subsequently used for antigen identification via MS (one example is 
shown here) or phage display methods (not show)

5) The interaction of anti-Hpt-� mAb with haptoglobin was further characterized using surface plasmon resonance. The antibody bound with 
tight affinity to the native Hpt tetramer, with a KD of < 10-9 M. 

6) No interaction was observed for the deglycosylated haptoglobin. This result was confirmed by Western blotting.

7) The high number of mAbs generated by this method increases the chances for finding an mAb pair suitable for sandwich ELISA. This was 
demonstrated by anti- Hpt-� and anti-Hpt-� mAbs used to develop a sandwich ELISA that measured the Hpt levels in crude plasma.                  
A novel method for generating and identifying cancer specific mAbs against the native forms of plasma proteins has been developed. 

Unlike other methods based on recombinant proteins or peptide conjugates, the current method can produce native-form specific 
immuno-reagents for biomarker studies.

Pooled Lung Cancer Patients Plasma
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Group N
Ctrl 12
AC 10
SCLC 5
Squamous 5

Groups where discrimination is observed number of hy bridoma
LC / Ctrl 2
SCLC / NSCLC 25
Ctrl / NSCLC 2
Ctrl / SCLC 26
Ctrl / AC 3
Ctrl / Squamous 10
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Pools (cancer vs. ctrl.)                            Individual samples

Characteristics �   % smokers  % females 
     
�  of patients 271 78 26 
     
Lung cancer 220 85 27 
SQC  105 88 20 
AC  85 75 38 
Other NSCLC 25 95 28 
SCLC  5 80 20 
     
Staging of NSCLC    
I  128   
II  39   
III  32   
IV  5   
     
Controls  51 48 19 
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271_cohort / 128 patients at stage I lung cancer  /         Raw screening data                   mAb multimarker panel can correctly classify 

squamous cell carcinoma     
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Principal component analysis and P values (all and Stage I !!!) A promising candidate, raw data (A) and ROC curve (B)

Pooled lung cancer plasma

Affinity chromatography

Reductive SDS-PAGE (a) 

Western blotting (b)

In-gel digestion / MALDI-TOF (or nanoLC-ESI-MS) (c)

Database search / Manual validation.

Antigen ID.
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mAb: BSI0033; Antigen: Hpt- � Chain
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Cognate antigen ID process            BSI-0033 recognizes Haptoglobin-� chain                               BSI-0033 is a glycosilation sensitive (A),  
natural epitope (B)  

Native

Reduced

Hpt (ng) 1000   200   40    8

A

B

BSI mABs work on multiplex assay platforms 

LUMINEX PLATFORM
(fluorescence)

Several mABs, including 
BSI0033 (arrow) were tested 
on a chemiluminescence
detection based microarray 
platfrom (Collaboration with 
Randox Ltd. Ireland) and on 
a micro- bead based Luminex
platform (Collaboration with 
BMD, France)  The results 
are similar to BSI’s  HTS 
ELISA test.

Principal component analysis identifies a patient who 

was diagnosed by brush smear initially as SCLC but 
postmortem histology confirmed BSI’s classification 

as squamous cell cancer (arrow). 

A B

There is overwhelming evidence that early and specific 
detection of primary lung cancer and cancer recurrence has 
a critical impact on the selection of therapy and ultimately on 
survival. Sensitive new plasma derived protein biomarkers 
will be vital for the development of diagnostic methods.  
Immunoassays are well established as valid diagnostic 
approaches; however, there is at present a lack of antibody 
reagents to protein markers in blood. We have described a 
three stage plasma depletion and normalization strategy to 
enrich for lower level potential protein markers.  The 
processed plasma containing the natural antigen is then 
used for immunization of mice to generate thousands of 
hybridomas with potential disease specific monoclonal 
antibodies. A high throughput ELISA assay has been 
developed to screen the mAb library to discover biomarker 
mAbs using plasma samples of diseased vs. matched 
controls. In this presentation, we demonstrate the power of 
this strategy in two areas:  

1. To discover and qualify  (cohort of 271 subjects) 
disease specific mABs as potential multivariate index 
assay based diagnostics for early stage lung cancer. 

2. To characterize  the antigen for cancer specific mAbs 
and reaction with reduced and deglycosylated antigen 
forms. We show a sandwich ELISA developped with 
two of our mABs to confirm HTS screening results 

 

All data and tworepresentative Hybridomas (A, B). 
Signal intensity: Y axis, individual samples: X axis. 
Control (blue), adeno cc (red), squamous cc (green) s
amples.

BSI 0033

BSI 0033 BSI 0033

BSI 0033


