
Measuring interaction complexity and time to 
equilibrium for biotherapeutics in whole cell 
assays  

 

Karl Andersson 

Uppsala University 

Sweden 

 



Who am I? 

• Affiliated with Uppsala University and 
Ridgeview Instruments AB 

• Have been working with protein interactions 
since 1996 

• Previously at Biacore R&D 

 

 Karl.Andersson@bms.uu.se 

 karl@ridgeview.eu 



Next challenge: complexity 

• Historic challenge for protein interactions: 

– How strong? 

 

• With the advent of SPR: 

– How fast? 

 

• Time-resolved cell-based binding assays: 

– How complex? 



Understanding the complexity 

• Protein interactions are often simplified to 1:1 interactions 

• A need for advanced…  

… measurement tools 

… analysis methods 

• Measurements on cells instead of purified proteins: More 
complex, closer to reality 

• Cell surfaces are heterogenous 



Cellular context matters 

• Affinity of the gefitinib – 
EGFR interaction: KD ~ 1 nM 

 

• Many cell lines require 
more than 100 nM gefitinib 
to prevent growth 

 

• IC50 of gefitinib growth 
inhibiton for 18 cell lines 
vary a factor 50. 

Fabian et al, Nat Biotechnol. 2005 Mar;23(3):329-36. 

Moasser et al, Cancer Res. 2001 Oct 1;61(19):7184-8.  



Target cells 
+ bound 

labeled ligand Cell medium 
containing 

labeled ligand 

• Protein-cell 
interactions in 
real-time 

• Provides kinetic 
information 

• Four instrument 
types available 

• Fluorescence 

• Radioactivity 

 

 

Our tools: 1. LigandTracer 

www.ligandtracer.com 



Our tools: 2. Interaction Map 

• Aids interpreting 
complex interaction 
data 

• Decomposes one 
measurement into a 
sum of underlying 
processes 

• Visualizes complex 
interactions as a 
topographic surface 

One single interaction 

Three parallel interactions 

www.ridgeviewdiagnostics.com 



When combined... 



Examples 

• Epidermal growth factor receptor (EGFR) 

– Follow interaction of ligand EGF under influence 
of diffrent tyrosine kinase inhibitors 

 

• CD44v6 

– Compare fab fragment binding on the antigenic 
peptide, recombinant CD44v6 and living cells 



Epidermal growth factor receptor 
(EGFR) 

• Involved in cell proliferation 

• Overexpression in some cancers 

• EGF one natural ligand 

• Part of the EGF receptor family 

– EGFR, HER2, HER3, HER4 

– Homo/heterodimerization 

 

 

 

 

• Previous reports: Low affinity (>90 %) and high affinity (<10 %) 
receptor populations 

EGF EGF 
EGFR- 

EGFR 

EGF 
EGFR- 

HER2 



• Tyrosine kinase inhibitors (gefitinib, erlotinib, lapatinib, AG1478) 

– Prevent cell growth on some cells 

– Binds to the intracellular domain 

• Four cell lines 

– A431, U343, SKOV3, SKBR3 

• Multiple treatments: 

– Control (complete medium) or starvation 

– Gefitinib, erlotinib, lapatinib, AG1478 

– Assay at +7°C, +25°C and +37°C 
 

EGF 

EGFR 

EGF 

EGFR’ 

TKI TKI 

This study 



Typical 125I-EGF - EGFR interaction data 

3 nM 9 nM 0 nM 

EGF Fresh medium 



Results 1: EGF – EGFR on A431 cells 



Results 2: Mechanisms vary 



Results 3: Monomer-dimer balance 

• EFG-EGFR on A431cells 

– A: Regular conditions 

 

 

– B: Lapatinib treated (known 
to induce monomers) 

 

 

– C: Erlotinib treated (known 
to induce dimers)  



What does this mean? 

• EGF-EGFR has one high affinity and one low affinity 
population. At least. 

 

• The ”average affinity” of EGF-EGFR varies and 
depends on HER2 expression. 

 

• Dimerization is a critical event for both extracellular 
and intracellular binding. 

 

• The tyrosin kinase inhibitor binding affects 
extracellular EGF binding. A lot. Sometimes. 



CD44v6 

• CD44v6 is a common cell-surface antigen in 
head and neck cancers 

 

• Forecasted as an imaging target and a drug-
delivery route for targeted therapeutics. 

 

• Lack of characterized binders 



Fab fragment generation 

• Human fab fragments were raised towards 
splice version 6 (i.e. CD44v6) 

• Binding was characterized using different 
formats of the target: 

– The antigen used for phage-display 

– The full-size recombinant CD44v6 protein 

– Living cells expressing CD44v6  

 



Comparing antigen and full size protein  

• Typical affinity for binding to antigen was 
one to two orders of magnitude lower than 
to full size protein. 

– Valid for 8 different Fabs 

– Main difference seen in association rate 

– Affinity range 1-10 nM to full size protein 

               0        240        (seconds)                 1300                0        240        (seconds)            1300 



On cells: Slow and strong 

• Six of eight Fabs did bind to cells 

• All six had complex interactions 

• Five had a high-affinity interaction 

• All strong interactions were slow 



Fab binding to antigen, protein & cells 

• Varying profiles leads to difficulties to 
transfer results from biophysics to cells 

       Antigen Full-size protein SCC25 Cells 

       Antigen Full-size protein SCC25 Cells 



Take-home message 

• Binding properties can change more than 
two orders of magnitude when going from 
antigenic fusion proteins to living cells. In 
any direction. 

 

• Experience so far: Strong binders in 
biophysics assays that do retain binding on 
cells often get slower. 



Conclusions 

• Is it possible to make any generalization 
about ligand-receptor interactions?  

 

• Protein interactions on cells can be really 
complex – new tools required 

 

• Different cell lines originate from different 
patients! 



Thank you for your attention! 

Karl.Andersson@bms.uu.se 
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Read more: 

Search PubMed for ” Bjorkelund Andersson ”  

and ” Nestor Nilvebrant ” 

Citations also available on www.ligandtracer.com 


