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Overview

• Birkbeck and my research group

• Missense mutation haemophilia A 

• Proteome scanning: our strategy for identifying 
when self tolerance is likely to be broken

• Other applications, notably to organ 
transplantation



About Birkbeck

Founded in 1823

University of London’s only specialist 
provider of part-time higher education

Nobel Laureates Aaron Klug and Derek 
Barton worked in the School of 
Crystallography 

Biological Sciences is part of a joint 
research institute with UCL: ISMB 

Motto: In nocte consilium



Research overview
Immunoinformatics:
• Antibodies (repertoire analytics, MD simulation, 

deep learning)
• B-cell epitopes (predicting antigenic escape)
• T-cell epitopes (allo-immunity, heterologous 

immunity)

Antigens of interest:
• Protein therapeutics (e.g. tFVIII)
• Viruses (e.g. HCV, HIV, IAV)
• Bacteria (e.g. B. anthracis)
• Cancer (HCC)



The AIRR Community
Established in 2015 at first of 4 Community Meetings:

• Devising relevant standards + guidelines about good 
practice

• Obtaining, analyzing, curating and comparing/sharing 
NGS AIRR datasets

• Validating tools for AIRR data analysis
• Legal and ethical issues involving the use and 

sharing of AIRR data sets derived from humans

A chapter of the Antibody Society since 2018.



AIRR Community recommendations

Vander Heiden et al., Frontiers 
in Immunology, 2018

Rubelt et al., Nature 
Immunology, 2017



AIRR Community resources

OGRDB https://ogrdb.airr-community.org/
Lees et al., NAR, 2019

VDJbase https://www.vdjbase.org/
Omer et al., NAR, 2019

sumrep https://github.com/matsengrp/sumrep
Olson et al., Frontiers in Immunology, 2019



Germline reference set errors 

Of the 226 human IGHV genes in the IMGT database in 
2007, at least 104 were likely to contain sequencing
errors. Almost all of these genes are still there.



Haemophilia
and Inhibitors
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Haemophilia A

• X-linked disease affecting 1 in 
5000 men

• Caused by defect in clotting factor 
VIII (FVIII), part of the coagulation 
cascade

• Standard treatment is 
replacement FVIII (very expensive 
recombinant therapeutic)

B-domain-deleted FVIII, 
PDB 3CDZ



Haemophilia A gene therapy trial

BBC News, 
December 2017



F8 genotypes associated with HA

Adapted from Gouw et al., Blood, 2012

Intron 22 inversion 45%

Intron 1 inversion 2%

Small deletion/insertion
16%

Missense 15%

Splice site 
mutation 3%

Unknown 5%
Large deletion 3%

Nonsense
10%



FVIII missense mutations
• Total 977 missense mutations 

(March 2018) 

• Associated with mild, moderate 
and severe haemophilia

• ~10-15% develop inhibitors
(anti-replacement FVIII 
antibodies)

• Accurate risk stratification has 
potential benefits (e.g. can 
inform choices about 
alternative therapeutic options) 



At the self/non-self boundary
A single amino-acid substitution difference will be detected 
by the immune system provided it occurs within at least 
one spanning peptide that:

a) Binds to an MHC molecule long enough to be seen

b) Forms a novel peptide-MHC surface

c) There are T cells with TCRs capable of binding to that 
surface.

Note, however, that detection is not sufficient for the 
generation of inhibitors.



Example missense mutation: R593C

Source: Hart et al., Haematologica, 2019
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pMHC surface novelty with R593C

Source: Hart et al., Haematologica, 2019
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Heatmap of inhibitor risk (1)

Source: Hart et al., Haematologica, 2019

Percentage of risk-associated combinations = 49%



Proteome scanning

Complete human proteome from Ensembl contains 
over 100,000 proteins (including alternative isoforms) 
and 11,272,502 unique 9-mers

Source: Hart et al., Haematologica, 2019



Proteome scanning with R593C

Source: Hart et al., Haematologica, 2019

XQRXLXNPX :

Peptide IQRFLPNPA has the following TCR-facing pattern: 
XQRXLXNPX



Heatmap with proteome scanning

Source: Hart et al., Haematologica, 2019

Percentage of risk-associated combinations = 31%



Proteins with most cross-matches

Source: Hart et al., 
Haematologica, 2019

* all proteins with copper-binding sites

*



Taking SNPs into account

MRes student Jacob Househam

SNPs with >5% population frequency reduced predicted 
risk by only 0.1% 



Computational Challenges
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Antigen presentation and binding 
What can we predict? We have always used the 
“Denmark tools” from DTU (now part of the Department of 
Health Technology):

Class I:
NetMHCpan 4.0: predicts binding strength 
NetCTLpan 1.1: predicts cleavage, TAP transport + 
binding strength

Class II:
NetMHCIIpan 3.2: predicts binding strength + 
binding register



Antigen binding thresholds (class 1)

There is controversy about absolute vs. relative 
(percentile rank) thresholds. This is reflected in the 
recommendations of the IEDB website. MHC class I:

1) “Currently recommends” making selections based on 
percentile rank of <= 1% for each MHC allele/length 
combination (wrt to reference set of 1 million random natural 
sequences)

2) “Alternatively” use IC50 binding threshold of 500 nM

3) Recently, “a paper from our group showed that… 
MHC-specific thresholds should be used.”



Antigen binding thresholds (class 2)

These are the IEDB recommendations for MHC class II:

1) percentile rank of top 10%

2) IC50 threshold of 1,000 nM

Note the following advice for both class I and class II 
under Interpreting predicted results:

“As a rough guideline, peptides with IC50 values <50 nM
are considered high affinity, <500 nM intermediate 
affinity and <5000 nM low affinity.”



Peptide anchors

Which are the anchoring positions? 
“Canonical” MHC class I & II molecules have 
pockets at positions 2 + 9 and 1 + 4 + 6 + 9 
respectively. But some have additional/ 
alternative pockets.

HLA-B*08:01 using NetMHCpan v2 (Source: MHC Motif Viewer)

Evidence that mutations 
to anchoring residues 
may introduce novelty via 
main chain displacement 
(Kersh et al., JoI, 2001) 



Challenges: class I peptide lengths
Most people (including members of my group) focus on 
9-mers.

Length of naturally-
presented peptides 
for 5 HLAs

Trolle et al., JoI, 2016



Challenges: TCR binding orientation

Source: Khan & Ranganathan, PLoS ONE, 2011
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