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1.The need for a novel Technology for 
Protein Conformational Analysis? 
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Novel Therapeutic Mab Development: The Market*. 

First approved therapeutic monoclonal antibody product in 1986 (Orthoclone, Kidney Disease) 

By November 10, 2014, 47 monoclonal antibody with EU/USA Clearance. 

At current approval rates by 2020 70 expected with a cap of $125bn  

 

 
* Ecker et al, The Theraputic Monoclonal Antibody Market. mAbs 7:1, 9--14; January/February 2015; 
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Big Pharma Example: Eli Lilly Pipeline https://www.lilly.com/discovery/pipeline 

 Of the 53 therapeutic targets at Phase 1 or better, 

 21 are therapeutic antibodies 

 2 Mabs cover 6 indications (Tanezumab, Mirkizumab) 
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• Most of these are novel Mabs.  

• However biosimilars are starting to 
be approved. 

• FDA approved 1st full length mAb 
biosimilar in 2016. 

• EMA approval was in 2013. 

 

Approved Therapeutic Mabs to 2015 
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Therapeutic Mab Work Flow  

MFG Cell Line*  

Structural Analytics Sample Analysis 

Manufacturing Upscale (Downstream) 

Cell Line Development 

Media Optimization Biosimilar 

Reference Standard 

Discovery-Non 
Stable Cell Line 

Nonclinical 

PK 

PD 

Clinical Safety 

Immunogenicity 

  

Protein Journey “Totality of Evidence” 

Finished Good 

Packaging 

Distribution 

This may be applied to ANY therapeutic protein 

• CD Spectrum  

• Size Exclusion Chromatography (SEC)  

• Analytical Ultracentrifugation (AUC)  

• Non-denaturing Electrophoresis 

• Hydrogen/deuterium exchange (HDX) 

• NMR  

Formulation 

Upscale  

Bulk Processing 

R=Protein Concentration R=Similarity to Reference 

R= 
Safety/Efficacy 

R=Similarity to Reference 

* Cell Line. 

• Work with a well established cell line (avoid 
Allotypic variation) 

• Optimize media to avoid changes in 
Glycosylation. 

Originator Mab 
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The Problem: 

 “The three dimensional conformation of a protein is an important factor in its biological 

function.  Protein generally exhibit complex three-dimensional conformations (tertiary 

structure and, in some cases, quaternary structure) due to their large size and the rotational 

characteristics of protein alpha carbons.  The resulting flexibility enables dynamic, but subtle, 

changes in protein conformation over time, some of which may be absolutely required for 

functional activity.”  “…… at the same time, a protein’s three-dimensional conformation can 

often be difficult to define precisely using current physiochemical analytical technology.” 

 

Quality Considerations in Demonstrating Biosimilarity of a Therapeutic Protein 

Product to a Reference Product. Guidance for Industry. FDA, April 2015. 



Current Technologies for Conformational Analysis 

HOS Technologies Principle Pros Cons 

CD Peptide bond and aromatic amino acid 

environment 

Easy to use, low cost Low sensitivity, average of the whole 

measured population. 

FTIR Peptide bonds Easy to use, low cost Low sensitivity, average of the whole 

measured population. 

PCA Epitope recognition by antibodies. Easy to use, cGMP friendly, systematic, 

high sensitivity and throughput. 

New to the market.  Intermediate cost 

level. 

HDX-MS Hydrogen-Deuterium exchange in the 

amide group of protein surface  

High resolution, well-established 

applications. 

High cost, needs special instrument and 

training, low throughput. 

HRF-MS Free radical labeling of protein surface 

hydroxyl groups 

High resolution. High cost, needs special instrument and 

training, low throughput. 

Bioassay Target recognition Well-established.  cGMP friendly. Low resolution 

X-Ray Atom diffraction High resolution. High cost, Low throughput, not suitable 

for routine testing. 

DLS Aggregate and multimer light scattering 

  

Low cost, well-established. Low sensitivity, average of the whole 

measured population. 

NMR Nuclei spin and charge High resolution, well-established. Low throughput, needs special instrument 

and training.  High cost. For small 

proteins. 

Fluorescence Aromatic amino acid environment Low cost, well-established. Low sensitivity, average of the whole 

measured population. 9 



2. Technology Development 
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PCA Technology Covers the Whole mAb   

Distribution of the 34 pAb: pAb 1-12 (variable region);  
pAb 13-34 (constant region)  
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• Polyclonal Antibodies (Pab) are raised against 
30 amino acid peptides from the amino acid 
sequence of target therapeutic Mab. 

• Selected Pab’s are used to create an array against 
the structure of the Mab. With a reference molecule 
providing a figerprint of the properly folded Mab. 



PCA ELISA’s 
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The initial product offering consist of Sandwich ELISA based arrays, allowing the generation of unique 
therapeutic Mab signatures. 

Variable Region Antibodies 
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The most significant difference in the variable region was seen at Ab6 suggesting a correlation 

between this site and the decrease in bioactivity ( the more unfolding the higher the signal) 

Ab6 is close to light chain 

CDR3 22% Bioassay Activity 

Decrease 

Case study: Correlation Between Conformation and Bioassay in  
Stability Testing (Novel mAb) 
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Ab15,16: LC Hinge Region; Ab17,18:HC, Fv-Fc domain  

Ab24: HC Hinge Region.; Ab25: HC Glycosylation Site. 

FcγRIIIa binding result: 64% Decrease  

Major Conformational Changes  
around the Glycosylation Site. 

15 

Case study: Correlation Between Conformation and Bioassay in Stability 
Testing (Novel mAb) continued. 



 Sensitivity: Spiking with 8M Urea-treated mAb     

   8M Urea-RTX   
ug/mL  % Spiked 
0 0 
0.02 0.05% 
0.04 0.10% 
0.08 0.20% 
0.20 0.50% 
0.40 1% 
0.80 2% 
1.60 4% 

As low as 0.05% epitope exposure can be detected and quantified  
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Currently 
available assays. 
 
InnoBridge is 
designed 
for novel mAb 
Development. 

17 
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CT-P13 Infliximab BioSimilar*: PCA used in an FDA Submission. 

 Notes differences between US & EU Remicade 
production and CT-P13.  

*CT-P13 (infliximab biosimilar) BRIEFING DOCUMENT FOR THE ARTHRITIS ADVISORY 
COMMITTEE, MEETING DATE: February 9, 2016.  
 
FDA Advisory Committee Briefing Document, February 9, 2016, Page 1 of 349 (pg179) 

 

HOS similarity between CT-P13 (Biosimilar) and its originator 
manufactured in the EU & USA.   



Potential Applications for PCA Technology 

 Biosimilar as well as Novel mAb 
Development 

 Cell Line Selection 

 Process Development 

 Formulation Development 

 Comparability Studies 

 Product Characterization 

 An Easy and Accurate ID Test 

 Antibody-Drug Conjugates (ADCs) 
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34-PCA Antibody Panel 

Fv                        LC-Constant                  HC-Constant 

Herceptin without Heat Treatment (55°C Overnight) 



Herceptin with Heat Treatment (55°C Overnight) 
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34-PCA Antibody Panel 



Herceptin with and without Heat Treatment 
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HOS Stability Profiles of 7 Marketed mAbs 
     Each mAb has a unique HOS profile 
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3. Developing PCA : from ELISA to xMAP. 
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RituBridge to RituPlex Example 

 Multiplex: a 34-plex = a 12-plex + a 22-plex     

• Multiplex can be formatted as either a 34-plex or a 12-plex + a 
22-plex   

• MFI (Median Fluorescence Intensity) data from background (no sample), control 
(not-treated rituximab), oxidized, 55C, pH3, pH9.5 -treated rituximab 

Variable Regions  Constant Regions 

25 



 ELISA vs. Multiplex: Control vs. Oxidized Rituximab 

Multiplex 

ELISA’s 

Multiplex 34-plex 
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Plate 1 Plate 2 Plate 3 



 ELISA vs. Multiplex: pAb 1-12 (Variable Regions)   

ELISA Plate-1 

Multiplex 
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ELISA to Multiplex a Comparison 2: Rituximab Reference vs. 
Biosimilar.   



 ELISA to Multiplex: pAb 13-23 (Constant Regions-1)   

ELISA Plate-2 

Multiplex 
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 ELISA to Multiplex: pAb 24-34 (Constant Regions-2) 

ELISA Plate-3 

Multiplex 
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INNOPLEX: Publication* 

*Monoclonal antibody higher order structure analysis by high throughput protein conformational array. Y.Song et al, MABS 
2018 Jan 9, 1-9. 

ABSTRACT 

The elucidation of antibody higher order structure (HOS) is critical in therapeutic antibody development. Since HOS determines the 

protein bioactivity and chemo-physical properties, this knowledge can help to ensure that the safety and efficacy attributes are not 

compromised. Protein conformational array (PCA) is a novel method for determining the HOS of monoclonal antibodies. Previously, we 

successfully utilized an enzymelinked immunosorbent assay (ELISA)-based PCA along with other bioanalytical tools to elucidate the 

structures of antibody aggregates. In this study, applying a new multiplex-based PCA with 48-fold higher throughput than the ELISA-

based one we revealed structural differences between different antibody molecules and antibody structure changes affected by 

various processing conditions. The PCA analysis of antibody molecules clearly demonstrated significant differences between IgG1 

and IgG4 subclasses in epitope exposure and folding status. Furthermore, we applied small angle X-ray scattering to decipher 

mechanistic insights of PCA technology and validate structural information obtained using PCA. These findings enhance our 

fundamental understanding of mAbs’ HOS in general. The PCA analysis of antibody samples from various processing conditions 

also revealed that antibody aggregation caused significantly higher exposure of antibody epitopes, which potentially led to a 

“foreign” molecule that could cause immunogenicity. The PCA data correlated well with protein stability results from 

traditional methods such as size-exclusion chromatography and protein thermal shift assay. Our study demonstrated that high 

throughput PCA is a suitable method for HOS analysis in the discovery and development of therapeutic antibodies. 
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Figure 14: (Fig 5)(A) PCA data of mAb5 samples from upstream process development. Samples were collected during the 
cell culture on Day H-6, H-4, H-2, and H as labeled (Day H is the harvest day). The error bar is the standard deviation from 
two repeats. (B) PCA data of mAb5 samples from downstream process. Samples collected include ProteinA Elution (PAE), 
Virus Inactivation (VI), Cation Exchange Elution (CEX), and Anion Exchange Flow-through (AEX). The error bar is the 
standard deviation from two repeats. 

“we revealed structural differences between different antibody molecules and antibody structure changes affected by 

various processing conditions” 

Cell culture 

Seems stable  

Process driven 
changes 

Process applications highlighted within MABS publication.  
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ELISA to xMAP: Summary 

The assays original ELISA format allows for a low barrier to the technologies utilization. 
Higher volumes of samples produced through the process development phases dictate a 
move to a higher throughput format is required for which we will use the Luminex® xMAP 
platform.  

40+Samples per Kit. 

Each well contains the full array. 

2-3 Samples per Kit. 

3 plates with in the 
product create the array 

• We developed a multiplex panel for HOS analysis of rituximab biosimilar.  All 34 pAb can be run 
simultaneously in a single well.   

• The multiplex vs. ELISA side-by-side studies demonstrated a similar data profile. 

• 8 M urea treated mAb (unfolded mAb so that linear epitopes become easily accessible) can be 

used to estimate the extent of epitope exposure in native samples.  

• The multiplex assay has the advantages over ELISA on very little sample, little hands-on time, 

very fast, high precision, and wider dynamic range. 



4. The Immunogenicity and Higher 
Order Structure Correlation Study 
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Studies Demonstrating the Importance of 3-D Structure and Its 
Stability for Immunogenicity 
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From Wim Jiskoot,  NBC, Seattle, 2009 
35 



Cytokine Release Experimental Design 
 

1. 3 antibodies  used:  IgGs from human plasma; Herceptin, Rituxan. 
 

2. 6 different conditions tested: no treatment; 8 M urea-induced unfolding; Heat treatment; 
Oxidation; Higher pH (pH 9.5); Lower pH (pH3). 
 

3. Three antibody levels tested: 100 µg/mL; 10 µg/mL; 1 µg/mL (mimic the levels in the 
human blood during actual treatment). 
 

4. Positive and negative controls: PBS will be used as the negative control to determine 
assay background and base-line cytokine levels, LPS stimulation will be used as a positive 
control for measuring cytokine release.  Urea (screen at 3 different concentrations) will be 
tested as the vehicle control for urea-induced unfolding. 
 

5. Plasma samples from the whole blood incubation are analyzed with HSTCMAG384-PX21 
High Sensitivity Human Cytokine Assay kit from MilliporeSigma (measuring 21 cytokines 
simultaneously) on a Luminex FlexMap3D Analyzer.  
 

6. Human Whole Blood Cytokine Release Test (n=5) (Preliminary analysis of 11 selective 
cytokines from the 21 cytokines measured)   
 
 36 
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HOS Changes from Serum-derived Human IgGs Under 
Different Stress Conditions 

The HOS of Human serum-derived IgGs are stable in high pH (pH9.5) and oxidation, 
Changes at different region with low pH (pH 3.0) and heat treatment (55°C, O/N).   
There is general unfolding in 8 M urea but refolding is fast. 
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Human Whole Blood Cytokine Release with IgGs Purified from 
Human Serum 

NB: Only 11 of the 21 cytokines measured was shown here. 

Urea 
unfolding 

Heat 
treatment 
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Donors 1, 2 and 3: 
 
Responses to human 
IgGs differently. 
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HOS Changes from Rituxan Under Different Stress Conditions 

The HOS Changes at different region with high and low pH (pH 9.5 and 3.0 
respectively), oxidation and heat treatment (55°C, O/N).  There is general 
unfolding in 8 M urea and refolding is slow.   

Untreated Rituxan 
Already has 
significant 
Epitope exposure. 
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Herceptin_G1_zu  EVQLVESGGGLVQPGGSLRLSCAASGFNIKD--TYIHWVRQAPGKGLEWVARIYPTNGY--TRYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWG-GDGFYA--MDYWGQG 

Rituxan___G1_xi  QAYLQQSGAELVRPGASVKMSCKASGYTFTS--YNMHWVKQTPRQGLEWIGAIYPGNGD--TSYNQKFKGKATLTVDKSSSTAYMQLSSLTSEDSAVYFCAR-VVYYSNSYWYFDVWGTG 

                                  20*                 40*                 60*                 80*                100*                120*                 

 

Herceptin_G1_zu  TLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPP--KSC--DKTHT 

Rituxan___G1_xi  TTVTVS-----GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKAEP---KSC--DKTHT 

                                 140*                160*                180*                200*                220*                240*                                                           

Herceptin_G1_zu CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE 

Rituxan___G1_xi CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE 

                                260*                280*                300*                320*                340*                360*     

                                                                          

Herceptin_G1_zu PQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 451 

Rituxan___G1_xi PQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 447 

Herceptin_zu DIQMTQSPSSLSASVGDRVTITCRASQDVNT-----AVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSV  

Rituxan___xi QIVLSQSPAILSASPGEKVTMTCRASSSVSY------MHWYQQKPGSSPKPWIYAPSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSFNPPTFGAGTKLELKRTVAAPSV  

                              20*                 40*                 60*                 80*                100*                120* 

 

Herceptin_zu FIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 214 

Rituxan___xi FIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR--- 210 

                             140*                160*                180*                200*                                                   

Herceptin and Rituxan Light Chain Comparison  
             Constant regions are identical.  

Herceptin and Rituxan Heavy Chain Comparison  
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Comparison of Herceptin and Rituxan HOS Stability (Different Scale) 
Herceptin seems more stable than Rituxan under stress conditions 

Variable 
Region 

LC-C + HC-
CH1 HC CH2-CH3 
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Human Whole Blood Cytokine Release with Rituxan Under 
Different Stress Conditions 

Only 11 of the 23 cytokines measured was shown here. 

Saturation 
Of cytokine 
Release.  ? 
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Donors 1, 2 and 3 
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• Antibody arrays were developed against 17 marketed Biologics and one for novel 
mAbs. 
 

• Each antibody array provides a unique HOS signature for the mAb, reflecting its 
surface exposure and extent of exposure. 
 

• The antibody array is sensitive, systematic and relatively high throughput. 
 

• It correlates well with stability and bioassay data. 
 

• It can detect changes that may not be detected with bioassays. 
 

• It can be applied to many stages of biologics development, from cell line selection 
to product release and also used as an easy and accurate ID test. 
 

• The xMAP format offers higher throughput and dynamic range, similar sensitivity 
and reduced cost as compared with the ELISA format and successfully applied in 
the bioprocess development.  

5. Conclusions 
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