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CD4+ T cells Recognize MHC-II-bound Epitopes

• MHC-II molecules are constitutively 
expressed on professional antigen-
presenting cells (APCs) 

• APCs take up antigens from the 
extracellular environment (bacteria, 
secreted proteins, debris from dead 
cells, …) and present them to CD4+ T 
cells

• CD4+ T cells provide ‘help’ to both 
CD8+ T cells and B cells, as well as 
having direct effector functions
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MHC Class II Molecules

• Two MHC encoded polymorphic chains (α, 
β), which both impact the binding motif

• Both α and β chains are variable for DP & 
DQ loci 
• ‘HLA-DPA1*01:03/DPB1*02:01’
• ‘HLA-DQA1*01:01/DQB1*05:01’

• Only β chain is variable for DR locus
• HLA-DRB1*01:01

• DRB3/4/5 locus is in tight linkage with 
DRB1
 Often not typed, but just as important

Figure Source
Cellular & Molecular Immunology, 5th Ed by Abbas and Lichtman
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MHC Class II Peptide Binding

• Binding groove is open and can accommodate 
peptides (13-25 AA)

• 9 AA binding core within the peptide interacts 
with the binding groove of the MHC molecule

HLEFWEGVFTGLTHI
KRAHLEFWEGVFTGL

YTSFWEGVFTGLKPRYWP

• Challenge: Correct identification of the binding 
core is not trivial; dissimilar-looking peptides can 
bind with identical affinity

Binding Core
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T Cell – MHC Class II Binding Prediction
tools.iedb.org/
main/tcell/



MHC-II Binding Prediction Interface

tools.iedb.org/mhcii/

• Tool entry point layout similar to class I
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tools.iedb.org/mhcii/

Select prediction method

• Tool entry point layout similar to class I
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MHC-II Binding Prediction Interface
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MHC II Binding Prediction Methods -
Benchmarking

• Similar to the MHC Class I benchmark set-up
• Binding affinity are best predicted with BA output; epitope selection is better using the EL output

http://tools.iedb.org/auto_bench/mhcii/weekly/

Andreatta et al, Bioinformatics, 2017
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MHC-II Binding Prediction – Example
tools.iedb.org/mhcii/

Choose species & locus

>West Nile virus envelope glycoprotein
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYCYLATVSDLST
KAACPTMGEAHNDKRADPAFVCRQGVVDRGWGNGCGLFGKGSIDTCAKFACSTKAIGRTILKENIKYEVA
IFVHGPTTVESHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGTKT
FLVHREWFMDLNLPWSSAGSTVWRNRETLMEFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNTVK
LTSGHLKCRVKMEKLQLKGTTYGVCSKAFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDLT
PVGRLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHKSGSSIGKAFTTTLKGAQRLAA
LGDTAWDFGSVGGVFTSVGKAVHQVFGGAFRSLFGGMSWITQGLLGALLLWMGINARDRSIALTFLAVG
GVLLFLSVNVHA
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Allele Selection - α and β Chains 
tools.iedb.org/mhcii/
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Allele Selection - α and β Chains 
tools.iedb.org/mhcii/
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“7-Allele” Method
• Aim was to capture maximum immune response with 

minimum no. of peptides
• 6 peptide datasets with measured immune responses 

(SFCs/106 PBMCs)
• 15 or 16-mer peptide sets with 10 AA residues overlapping

Dataset Purpose No. of 
Antigens

Total 
peptides

No. of 
donors Reference

Der p/f (House dust mite) Training data 4 156 20 Hinz et al., 2015, CEA

Phl p (Timothy grass) Training data 10 425 25 Oseroff et al., 2010, JI

TB-1 Training data 4 71 18 Arlehamn et al., 2012, JI

TB-2 Training data 11 499 32 Arlehamn et al., 2016, PLoS Path

Cockroach Validation data 6 463 19 Dillon et al., 2015, CEA

Pertussis Validation data 9 785 23 Bancroft et al., 2016, CEA

TOTAL 44 2399 137
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“7-Allele” Method

>West Nile virus envelope glycoprotein
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYCYLATVSDL
STKAACPTMGEAHNDKRADPAFVCRQGVVDRGWGNGCGLFGKGSIDTCAKFACSTKAIGRTILKENIKY
EVAIFVHGPTTVESHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGT
KTFLVHREWFMDLNLPWSSAGSTVWRNRETLMEFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSN
TVKLTSGHLKCRVKMEKLQLKGTTYGVCSKAFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLND
LTPVGRLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHKSGSSIGKAFTTTLKGAQRLA
ALGDTAWDFGSVGGVFTSVGKAVHQVFGGAFRSLFGGMSWITQGLLGALLLWMGINARDRSIALTFLA
VGGVLLFLSVNVHA



MHC-II Binding Prediction – Example
tools.iedb.org/mhcii/

Length selection

spaul@lji.org
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>West Nile virus envelope glycoprotein
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYCYLATVSDLS
TKAACPTMGEAHNDKRADPAFVCRQGVVDRGWGNGCGLFGKGSIDTCAKFACSTKAIGRTILKENIKYEV
AIFVHGPTTVESHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGTKTF
LVHREWFMDLNLPWSSAGSTVWRNRETLMEFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNTVKL
TSGHLKCRVKMEKLQLKGTTYGVCSKAFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDLTPVG
RLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHKSGSSIGKAFTTTLKGAQRLAALGDTA
WDFGSVGGVFTSVGKAVHQVFGGAFRSLFGGMSWITQGLLGALLLWMGINARDRSIALTFLAVGGVLLF
LSVNVHA



MHC-II Binding Prediction – Example
tools.iedb.org/mhcii/

Output
(sorted high-to-low by 

score)

Input sequence
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Guidelines: Selecting Binders

• Previously, the performance of MHC-II predictions was 
worse than MHC-I, but this difference has decreased 
significantly (based on AUC values in automated benchmark) 

• Previously established threshold guidelines:
• Percentile rank ≤ 10.0 (Percentile rank on linear scale (0-100), 

lower value = better binder)
• MHC binding affinity IC50 ≤ 1000nM

• Given the increased prediction performance, threshold 
can probably be made more stringent – evaluation 
outstanding
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Issue of Overlapping Peptides
• The tool breaks the sequence into all possible 15-mers -

Peptides overlapping by 14 amino acid residues
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Issue of Overlapping Peptides: Solution
• Post-processing: 

• Remove largely overlapping peptides after prediction (based 
on same binding core or position)
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T Cell – MHC Class II Binding Prediction
tools.iedb.org/
main/tcell/



Step 1: Sequence Data tools.iedb.org/tepitool/
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Step 2: Species & Allele Class tools.iedb.org/tepitool/
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Step 2: Species & Allele Class 
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tools.iedb.org/tepitool/



Step 3: Allele Selection 
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tools.iedb.org/tepitool/



Step 4: Peptides - Class I
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tools.iedb.org/tepitool/



Step 4: Peptides - Class I
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tools.iedb.org/tepitool/



Step 5: Method - Class I
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tools.iedb.org/tepitool/



Step 5: Method - Class I
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tools.iedb.org/tepitool/
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https://help.iedb.org/hc/en-us/articles/114094151811-Selecting-thresholds-cut-offs-for-MHC-class-I-and-II-binding-predictions

https://help.iedb.org/hc/en-us/articles/114094151811-Selecting-thresholds-cut-offs-for-MHC-class-I-and-II-binding-predictions


Step 5: Method - Class I
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tools.iedb.org/tepitool/



Step 5: Review & Submit
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tools.iedb.org/tepitool/



Step 4: Peptides - Class II

Low Moderate High Custom

Duplicates removed removed not 
removed

user 
selects

Overlapping 
residues 8 10 10 user 

selects

Approx. # 
peptides 10 12 14 12

settings
summary
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tools.iedb.org/tepitool/

Repeat the prediction for class II alleles 



Step 5: Method - Class II
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tools.iedb.org/tepitool/



Step 5: Method - Class II
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tools.iedb.org/tepitool/



Step 6: Review & Submit
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tools.iedb.org/tepitool/



Step 5: Method - Class II

exclusive 
to

class II
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tools.iedb.org/tepitool/

Alternative Methods



Step 3-5: Class II – 7 Allele Method
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tools.iedb.org/tepitool/
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T Cell Summary
MHC Class II Binding Prediction
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T Cell – MHC Class II Processing Prediction
tools.iedb.org/
main/tcell/



MHC-II peptide processing

MHC-II naturally processed peptides are generated by 
proteases, but the ends typically flank the binding core, and 
don’t contribute to binding
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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 markedly when 
combining the binding and cleavage motifs

• T cell epitope prediction is not significantly improved
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MHCII-NP – Example http://tools.iedb.org/mhciinp/
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http://tools.iedb.org/mhciinp/MHCII-NP – Example
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MHCII-NP Scores

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). 
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T Cell – MHC Class II Immunogenicity Prediction
tools.iedb.org/
main/tcell/
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MHC-II Restricted Immunogenicity 
Prediction
• Extracted datasets of proteins from the IEDB for which 

overlapping peptides were tested for immunogenicity
• Utilized these datasets to train a Neural Network to 

learn ‘motifs’ associated with immunogenicity 
independent of specific MHC alleles expressed

• Resulting score can be combined with ‘7 allele method’ 
quantifying MHC binding across alleles to predict overall 
immunogenicity
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Class II Immunogenicity Prediction
• 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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Class II Immunogenicity Prediction – Example
http://tools.iedb.org/CD4episcore/



Class II Immunogenicity Prediction – Example
http://tools.iedb.org/CD4episcore/
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Class II Immunogenicity Prediction Scores

• 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). 
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Class II Summary
• Performance of MHC II binding- and ligand elution predictions has 

massively improved in the last years; (thresholds have not yet 
been updated to reflect that) 

• NetMHCIIPan 4.1 BA scores should be used for binding affinity 
and EL scores for ligand elution and epitope predictions

• The promiscuous nature of MHC-II binding motifs and ability to 
bind in different registers of a peptide allows identifying broadly 
reactive epitopes ( 7 allele method)

• Tepitool implements pre-and post-processing steps for T cell 
epitope prediction for both class I and class II – and should be a 
good starting point

Both class I and II epitope predictions are constantly being re-
evaluated, and all of these recommendations are subject to change
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