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Deimmunization tool
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Deimmunization tool: Background

• Native and engineered proteins are widely used to treat 
a variety of  ailments.

• Non-self nature of engineered proteins may cause
immunogenicity

• Self protein (e.g. EPO) can also be 
immunogenic, when  administrated in high dose

• Immunogenicity of therapeutic proteins may be 
associated with safety issues.

• These therapeutic proteins can be de-immunized by 
removal of T cell epitopes (King et al. 2014)
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Deimmunization tool

• To remove the epitope based on binding affinities to a 
set of reference MHC II alleles.

• The tool is optimized on EPO data (Tangri et. al. 2005). 
• The concept of deimmunization was experimentally 

tested on ‘Vatreptacog alpha’: a drug discontinued in 
clinical trial phase III due to immunogenicity issues.  

• Steps
– Predict the immunogenic regions in given sequence
– Suggest amino acid substitution.

• Published in Immunology (Dhanda et al. 2018)
4



Predicting immunogenic regions
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http://tools.iedb.org/deimmunization/

http://tools.iedb.org/deimmunization/


Predicting immunogenic regions
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APPRLICDSRVLERY
ICDSRVLERYLLEAK

VLERYLLEAKEAENI
LLEAKEAENITTGCA

APPRLICDSRVLERYLLEAKEAENITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQG
LALLSEAVLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPDAASAAPLRT
ITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR

Allele : A set of 26 reference MHC class II alleles (Greenbaum et al. 2011) covering 95% of populations.

Generating overlapping peptides from given protein sequence. 
All 15mer, overlapping 10 amino acids.

38.89
60.39
23.46
21.76

Default threshold of median percentile rank is <=20
User can change the threshold

Non-immunogenic

Non-immunogenic
Non-immunogenic
Non-Immunogenic

------------------------------------------------------------------
DTFRKLFRVYSNFLR

1-15
6-20
11-25
16-30

136-150 6.08 Immunogenic

Method : IEDB Recommended, which is a consensus of three methods for predicting MHC class II binding.
Median Percentile Rank: Take the median value of consensus percentile rank from 26 alleles. 
Lower Rank corresponds to MHC binding. 



Deimmunization tool – Intermediate page



Suggest amino acid substitutions
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DTFRKLFRVYSNFLR Immunogenic6.08

Threshold is based on the difference of median percentile rank
Default  is >=8.5 (in this case 6.08 + 8.5 = 14.51)
Any peptide analog with median percentile rank of >=14.51 will be suggested
User can change the threshold

136-150
Generate all possible possible analogs in the selected 15mer (19*15) = 285

Predict immunogenicity with the same approach (as in step 1)
These substitutions may have affected 
the neighboring peptides.  
In a 15mer (overlapping 10mer), two 
neighbors can get affected. 

DTFRKLDRVYSNFLR
RTITADTFRKLDRVY

LDRVYSNFLRGKLKL
136-150
131-145

141-155



Suggest amino acid substitutions
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Possible scenarios 
1. Neighboring peptides absent (for terminal residues or small peptides)
2. Immunogenicity is reduced for peptides
3. Immunogenicity remain the same (No effect)
4. Increased immunogenicity



Deimmunization score
Immunogenicity for 
Neighboring peptide (1)

Immunogenicity for 
Neighboring peptide (2)

Score

Absent Absent 1

Absent Reduced 2

Reduced Reduced 3

Absent Neutral 4

Reduced Neutral 5

Neutral Neutral 6

Absent Increased 7

Reduced Increased 8

Neutral Increased 9

Increased Increased 10 10



CD4EpiScore tool

Prediction of CD4 T cell epitope
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T cell epitopes: Current approaches

• MHC binding prediction
– Need allele information
– Several methods available at IEDB
– Individual based approach

• Promiscuous binders
– Binding to several alleles
– 27 Reference alleles (Greenbaum et al. 2011)
– Population based approach

• Immunodominant epitopes
– Immunogenic in broader population
– Based on 7-allele method (Paul et al. 2015)
– Population based approach

12



CD4 T cell epitopes
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MHC class II binding and 
immunogenicity



CD4EpiScore

• To predict epitope score for CD4 T cells or class II immunogenicity. 
• Based on  Neural network model trained on 

– In house dataset for different antigens tested on different population 
cohorts

– Tetramer dataset- derived from IEDB

• Validated on 57 independent studies from different groups across 
the world

• Implemented three approaches
– 7-allele method (Paul et. al. 2015)
– Immunogenicity predictions
– Hybrid approach 
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Immunogenicity predictions
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Dhanda et. al. 2018, Frontiers in Immunology, 9, 1369

HLA Binding Immunogenicity

Immunogenicity Score: Derived 
from the neural network model 
trained on Immunogenicity data

HLA Score: Derived from HLA 
binding affinity using 7-allele 
method (Paul et. al. 2015). 



CD4EpiScore: Input page
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http://tools.iedb.org/CD4EpiScore

http://tools.iedb.org/CD4EpiScore


CD4EpiScore: Results page
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MHCII-NP

Prediction of class II naturally 
processed peptides
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CD4 T cell epitopes
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MHCII-NP

• Predicting the naturally processed peptides for 
MHC class II

• Based on
– cleavage motif analysis at C and N terminal of 

peptides
– Ligand elution data derived from IEDB
– Ligand predictions is improved by combining the 

binding and cleavage motifs. 

• T cell epitope prediction is not improved
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Paul et. al. 2018, Frontiers in Immunology, 9, 1795

Ligand predictions

Binding Score

Cleavage Score

Cleavage Score: Derived from 
the cleavage motif analysis in 
ligand elution data

Binding Score: Derived from 
HLA binding affinity using 7-
allele method (Paul et. al. 
2015). 



MHCII-NP
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MHCII-NP Results
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Thank you for attention !!
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