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CD4+ T cells Recognize MHC-lI-bound Epitopes

® MHC-Il 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 Il Molecules

®* Two MHC encoded polymorphic chains (a,
B), which both impact the binding motif 4\ / 3
* Both a and B chains are variable for DP & o Sl 31
DQ loci
® ‘HLA-DPA1*01:03/DPB1*02:01’ C
®* ‘HLA-DQA1*01:01/DQB1*05:01’ p2
® Only 3 chain is variable for DR locus . T
® HLA-DRB1*01:01 ;é 'C A
® DRB3/4/5 locus is in tight linkage with
Figure Source
D R B 1 Cellular & Molecular Immunology, 5th Ed by Abbas ar?d Lichtman

- Often not typed, but just as important
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MHC Class Il Peptide Binding

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

accommodate

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

Binding Core

¥
HLEFWEGVFTGL

THI

KRAHLEFWEGVFTGL

YTSFWEGVFTGLKPRYWP

® Challenge: Correct identification of the binding
core is not trivial; dissimilar-looking peptides can

bind with identical affinity
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T Cell = MHC Class Il Binding Prediction

IEDB Analysis Resource

Overview T Cell Tools || B Cell Tools H Analysis Tools || Tools-APl || Usage || Download || Datasets || Contribute Tools || References

T Cell Epitope Prediction Tools

T Cell Epitopes - MHC Binding Prediction

These tools predict IC50 values for peptides binding to specific MHC molecules. Note that binding to MHC is necessary but not sufficient for recognition
by T cells.

Peptide binding to MHC class | molecules

This tool will take in an amino acid sequence, or set of sequences and determine each subsequence’s ability to bind to a specific
MHC class I molecule.

Peptide binding to MHC class |l molecules

This tool employs different methods to predict MHC Class II epitopes, including a consensus approach which combines NN-align,
SMM-align and Combinatorial library methods.

lepilool.

The Tepitool provides prediction of peptides binding to MHC class I and class II molecules. Tool is designed as a wizard with 6 steps
as described below. Each field (except sequences and alleles) is filled with default recommended settings for prediction and
selection of optimum peptides. The input parameters can be adjusted as per your specific needs. You can go back to Frevious
steps to change your selection before submission of the job. Once you submit the job (at the end of step-6), you will not be able
to make any more changes and will have to start the prediction all over again with updated input parameters.

T Cell Epitopes - Processing Prediction
These tools predict epitope candidates based upon the processing of peptides in the cell.
Proteasomal cleavage/TAP transport/MHC class | combined predictor

This tool combines predictors of proteasomal processing, TAP transport, and MHC binding to produce an overall score for each
peptide’s intrinsic potential of being a T cell epitope.

Neural network based prediction of proteasomal cleavage sites (NetChop) and T cell epitopes (NetCTL and NetCTLpan)

NetChop is a predictor of proteasomal Frocessing based upon a neural network. NetCTL and NetCTLpan are predictors of T cell
epitopes along a protein sequence. It also employs a neural network architecture.

MHC-NP: Prediction of peptides naturally processed by the MHC

MHC-NP employs data obtained from MHC elution experiments in order to assess the probability that a given peptide is naturally
processed and binds to a given MHC molecule. This tool was the winner of the 2nd Machine Learning Competition in Immunclogy.

& MHCII-NP:
This tool utilizes MHC 1I ligand elution data to predict naturally processed MHC 1I ligands by scanning the given peptide sequences.

T Cell Epitopes - Immunogenicity Prediction
This tool predicts the relative ability of a peptide/MHC complex to elicit an immune response.
T cell class | pMHC immunogenicity predictor

This tool uses amino acid properties as well as their position within the peptide to predict the immunogenicity of a class 1 peptide
MHC (pMHC) complex.

& Deimmunization:

The deimmunization tool is attempt to identify immunodominant regions in a given therapeutically important protein, and suggest
amino-acid substitutions that create non-immunogenic versions of the proteins. So we have opted a two steps process; 1) In the
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MHC-II Binding Prediction Interface

e Tool entry point layout similar to class |

J Home || Help || Example || Reference || Download || Contact |

MHC-Il Binding Predictions

Specify Sequence(s)

Enter protein sequence(s) in FASTA format

Or select file containing sequence(s) Choose File | No file chosen

Choose a Prediction Method

Prediction Method (&)

MethMHCII 41EL ded epit dictor-2023.08 Help on prediction method selections
Show all the method versions: [ & pan (recommended epitope predictor ) » | Help on prediction method selections

Specify what to make binding predictions for

Select species/locus Human, HLA-DR v

Select MHC allele(s) ~

Select o & B chains separately if applicable: O 53] Allele

Select full HLA reference set: [] (2) w | Upload sliefe file (2)

Select 7-allele HLA reference set: ] 6]

default| 12-18 asis

1]12]13]14 16]17]18]19]20
21]22[23]24]25[26]27] 28] 2930

Select length(s)
@

Sort peptides by FPercentile Rank w
Output format KHTML table w
Email address (optional) 2
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MHC-II Binding Prediction Interface

e Tool entry point layout similar to class |

J Home || Help || Example || Reference || Download || Contact |

MHC-II Binding Predictions

Specify Sequence(s)

Enter protein sequence(s) in FASTA format

Or select file containing sequence(s) Choose File | No file chosen
Choose a Prediction Method
Prediction Method (2)

NetMHCIIpan 4.1 EL (recommended epitope predictor-2023.09) + JHelp on prediction method selections

Show all the method versions: E]

NetMHClipan 4.1 EL (recommended epitope predictor-2023.09)
NetlHClIpan 4.1 BA (recommended binding predictor-2023.09)
Consensus 2.22

-1 Select prediction method

NN-align 2.3 (NetMHCII 2.3)
ShiM-align (NetMHCII 1.1)
Select MHC allele(s) | Combinatorial library
Select a & B chains separately it applicable: D (2) Isturniolo

Select full HLA reference set: [ ] (2) ~ | Upload allele file (2)

Select 7-allele HLA reference set: 0 6

Select species/locus

default| 12-18 asis
1[12]13]14 16]17]18]19] 20]
21|22\23|24 25 26|2?|28|29|30|

Select length(s)
@

Sort peptides by Percentile Rank v
Output format XHTML table v
Email address (optional) @
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MHC Il Binding Prediction Methods -
Benchmarking

MHC Il Automated Server Benchmarks

http://tools.iedb.org/auto bench/mhcii/weekly/

This is a live ranking of MHC |l servers based on performance, which continues to be reevaluated over time. The weekly IEDE releases are automatically checked for datasets large enough to add to the
benchmarks. The benchmark metrics in the table below will only be updated on releases where such new data is becoming available.

Accumulated overall ranking scores

Ranking scores based on data sets submitted to the IEDB for the last at least 5 references.

Server 2023- | 2023- | 2023- | 2023- | 2023- | 2022- | 2022- | 2022- | 2022- | 2022- | 2022- | 2022- | 2021- | 2021- | 2021- | 2021- | 2021- | 2021- | 2021- | 2021- | 2020- | 2020- | 2020- | 2020- | 2020- | 2020-  2020- | 2020- | 2020- | 2019- | 2019- | 2019- | 2018-
09-01 | 07-28 | 04-21 | 03-03 | 01-27 | 10-28 | 09-16 | 09-02 | 06-17 | 06-10 | 04-08 | 0401 | 1210 | 11-05 | 10-29 | 07-23 | 04-25 | 0416 | 0219 | 01-22 1218 | 10-30 | 10-23 | 08-07 | 06-26 | 05-01  03-27 | 0316 | 01-03 | 07-02 | 05-24 | 03-22 | 11-23
MetMHCllpan- | 85 82 70 71 T0 70 76 65 65 65 65 65 - - - - - - - - - - - - - - - - - -
4.1BA
NetMHCllpan- | 76 78 (i3] T0 G8 TO 65 G6 6 63 63 - - - - - - - - - - - - -
4.0 BA
NEIMEI%II% 67 a7 o4 65 63 52 51 51 50 61 63 - - - - - - - - - - - - - - - - - -
NM-align 2.3 56 59 a1 49 49 43 45 63 G4 &7 67 a7 - - - - - - - - - - - - - - - - - -
NelMEI(_}]II;& 53 54 66 56 54 55 41 47 47 41 45 45 43 50 54 58 57 58 55 58 45 49 &0 61 60 G4 55 G4 G5 B85 7 a4 79
Consensus 50 58 58 59 59 §1 57 66 G6 it G5 G6 63 62 63 GG 66 1 73 69 T3 TG 62 60 60 58 58 61 G4 68 54 G4 54
IEDE method
MNetMHCllpan- | 45 39 51 54 57 57 54 32 32 33 36 38 - - - - - - - - - - - - - - - - - -
41EL
SMM-align 43 42 50 50 47 43 42 55 56 52 50 47 50 51 53 49 51 43 43 43 57 61 57 57 54 56 38 41 43 39 43 49 35
MNN-align 38 42 44 43 43 42 43 58 58 57 57 59 B5 56 57 68 64 T3 73 75 59 60 73 74 T8 7% 28 75 7 71 66 54 63
MettHCllpan- | 27 24 47 47 50 51 43 A 3 29 34 33 - - - - - - - - - - - - - - - - - -
4.0EL
{%m;%} 26 30 398 34 41 41 7 k)| 27 41 36 7 41 38 29 2 24 17 18 14 21 28 27 25 27 28 33 28 28 26 29 21 47
(Sturniolg’
Comblib 20 14 7 4 4 4 13 17 17 15 18 16 16 16 17 10 " ki 8 7 30 38 25 25 21 10 0 0 5 5 5 10 4
mairices
Andreatta et al, Bioinformatics, 2017
e Similar to the MHC Class | benchmark set-up
* Binding affinity are best predicted with BA output; epitope selection is better using the EL output
8
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http://tools.iedb.org/auto_bench/mhcii/weekly/

MHC-II Binding Prediction — Example

J Home | Help || Example || Reference | Download | Contact |

MHC-Il Binding Predictions

Enter protein sequence(s) in FASTA format

Or select file containing sequence(s)

Prediction Method ()
Show all the method versions: D

Sort peptides by
Cutput format

Email address (optional)

>West Nile virus envelope glycoprotein
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYCYLATVSDLST
KAACPTMGEAHNDKRADPAFVCRQGVVDRGWGNGCGLFGKGSIDTCAKFACSTKAIGRTILKENIKYEVA
IFVHGPTTVESHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGTKT
FLVHREWFMDLNLPWSSAGSTVWRNRETLMEFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNTVK
LTSGHLKCRVKMEKLQLKGTTYGVCSKAFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDLT
PVGRLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHKSGSSIGKAFTTTLKGAQRLAA
LGDTAWDFGSVGGVFTSVGKAVHQVFGGAFRSLFGGMSWITQGLLGALLLWMGINARDRSIALTFLAVG
GVLLFLSVNVHA

Choose File | No file chosen

NethMHClIpan 4.1 EL (recommended epitope predictor-2023.09) v  Help on prediction method selections

Specify what to make binding predictions for

~

Choose a Prediction Method

Select SDE'CiES”OCI.IS Human, HLA-DR A
Human, HLA-DP -
Select MHC allele(s) . - e
i i i - ?
Select a &  chains separately |fap_p||cable_ O ) Human, HLA-DR _
Select full HLA reference set: [[] (2) mouse, H-2-1 ipload aliele file (2)
Select T-allele HLA reference set: D L’)
default| 12-18 asis
Select length(s)
2) 1] 12]13]14 16]17[ 18] 19] 20]
21]22]23]24] 25] 26| 27] 28] 29[ 30|

Percentile Rank h

XHTML table «

1 Choose species & locus
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Allele Selection - a and B Chains

J Home || Help || Example || Reference || Download | | Contact |

MHC-Il Binding Predictions

Specify Sequence(s)

I“

DQAT*01:01/DQB1*02:01
Enter protein sequence(s) in FASTA format DQA1"01:01/DQB1*02:02
DQAT*01:01/DQB1*02:03
DQAT*01:01/DQB1*02:04
DQAT*01:01/DQB1*02:05
DQAT*01:01/DQB1*02:06 | #
DQAT*01:01/DQB1*03:01
Or select file containing sequence(s) DQAT*01:01/DQB1*03:02
DQAT*01:01/DQB1*03:03
DQAT*01:01/DQB1*03:04
. 5 - .
Prediction Method () Bgi:xg: ;Sljgggl*ggggg Ended epitope predictor-2023.09) v | Help on prediction method selections
DQAT*01:01/DQB1*03:07
DQA1T"01:01/DAQB1*03:08 RNl =il bRy
DQAT*01:01/DQB1*03:09

Show all the method versions: D

Select speciesflocus DQA101:01/DQB1*03:10
DQA1*01:01/DQB1*03:11

Select MHC allele(s) _ _ | DQA1701:01/DQB1*03:12

Select a & B chains separately if applicable: | 2 | baa101-01/DQB170313 ~

Select full HLA reference set: [ ] (2) v || Unload aliele file (2)

Select 7-allele HLA reference set: E] @

default| 1218 asis

11[12[13]14 16]17] 18] 19]20]
21|22 23]24]25| 26| 27] 282930

Select length(s)
@

Sort peptides by Percentile Rank v
Output format XHTML table ~
Email address (optional) @

2023 IEDB User Workshop
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Allele Selection - a and B Chains

DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01
DQAT*01

| DOAT*01

IEDB Analysis Resoul

J Home || Help i| Example || Reference || Download

MHC-II Binding Predic

Enter protein sequence(s) in FASTA format

Or select file containing sequence(s)

Prediction Method @
Show all the method versions: O

Select species/locus

Select MHC allele(s)
Select a & B chains separately if applicable: [

Select full HLA reference set: [] (@)
Select T-allele HLA reference set: O (2)

Select length(s)
@)

:01/DQB1*02:01
:01/DQB1*02:02
:01/DQB1*02:03
:01/DQB1*02:04
:01/DQB1*02:05
:01/DQB1*02:06
:01/DQB1*03:01
:01/DQB1*03:02
:01/DQB1*03:03
:01/DQB1*03:04
:01/DQB1*03:05
:01/DQB1*03:06
:01/DQB1*03:07
:01/DQB1*03:08
:01/DQB1*03:09
:01/DQB1*03:10
:01/DQB1*03:11
:01/DQB1*03:12
N1MMOR1*03-13

VTIMSKDKPTIDVKMMNMEAANLAEVRSYC
PWGNGCGLFGKGSIDTCAKFACSTKAIGRTI
MPSYTLKLGEYGEVTVDCEPRSGIDTNAYY

EFEEPHATKQSVIALGSQEGALHQALAGAI

GTPADTGHGTVVLELQYTGTDGPCKVPIS|
FASTA format detected.

ion method selections

2023 IEDB User Workshop
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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)

e 15 or 16-mer peptide sets with 10 AA residues overlapping

Dataset Purpose N?’ of Tot.al No-of S
Antigens peptides donors

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

MHC-Il Binding Predictions

Specify Sequence(s)

>West Nile virus envelope glycoprotein
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYCYLATVSDL
STKAACPTMGEAHNDKRADPAFVCRQGVVDRGWGNGCGLFGKGSIDTCAKFACSTKAIGRTILKENIKY
EVAIFVHGPTTVESHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGT
Enter protein sequence(s) in FASTA format KTFLVHREWFMDLNLPWSSAGSTVWRNRETLMEFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSN
TVKLTSGHLKCRVKMEKLQLKGTTYGVCSKAFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLND
LTPVGRLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHKSGSSIGKAFTTTLKGAQRLA
ALGDTAWDFGSVGGVFTSVGKAVHQVFGGAFRSLFGGMSWITQGLLGALLLWMGINARDRSIALTFLA
VGGVLLFLSVNVHA #~

Or select file containing sequence(s) Choose File | No file chosen

Choose a Prediction Method

Prediction Method ()

. NetMHClIpan 4.1 EL (recommended epitope predictor-2023.09) v pon prediction method selections
Show all the method versions: () s ( PEOPEP ) ~ |6

Specify what to make binding predictions for

Select species/locus Human, HLA-DQ
Allele

HLA-DRB1*03:01 e

HLA-DRB1*07:01 o
Select MHC allele(s) ) HLA-DRB1*15:01 )
Select a & j chains separately if applicable: ) Q) HLA-DRB3°01-01 )
Select full HLA reference set [ g?? HLA-DRB3%02-02 Q
Select 7-allele HLA reference set: 2) HLA-DRB4*01:01 o

HLA-DRB5*01:01 o

v Upload alisle fite (2)

default| 1218 asis

11[12]13]14 16]17]18]19]20]
21]22]23]24]25]26] 27 [ 28 [29]30]

Select length(s)
Q@

Sort peptides by Percentile Rank
Output format XHTML table v
Email address (optional) 2
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MHC-II Binding Prediction — Example

J Home || Help || Example || Reference || Download || Contact |

MHC-II Binding Predictions

Specify Sequence(s)

>West Nile virus envelope glycoprotein
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYCYLATVSDLS
TKAACPTMGEAHNDKRADPAFVCRQGVVDRGWGNGCGLFGKGSIDTCAKFACSTKAIGRTILKENIKYEV
AIFVHGPTTVESHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGTKTF
Enter protein sequence(s) in FASTA format LVHREWFMDLNLPWSSAGSTVWRNRETLMEFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNTVKL
TSGHLKCRVKMEKLQLKGTTYGVCSKAFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDLTPVG
RLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHKSGSSIGKAFTTTLKGAQRLAALGDTA
WDFGSVGGVFTSVGKAVHQVFGGAFRSLFGGMSWITQGLLGALLLWMGINARDRSIALTFLAVGGVLLF

LSVNVHA %~
Or select file containing sequence(s) Choose File | No file chosen
Choose a Prediction Method
Prediction Method () NetMHClIpan 4.1 EL (recommended epitope predictor-2023.09) v | Help on prediction method
Show all the method versions: [ e

Specify what to make binding predictions for

Select species/locus Human, HLA-DQ ~

Select MHC allele(s)

Select a & B chains separately if applicable: Allele

) @ DQA1*01:01/DQB1*02.01 &

Select full HLA reference set: [ ) (2)
Select 7-allele HLA reference set: 0O ®

default | 12-18

Select length(s)
@

11
21

12
22

13
23

14
24

Sort peptides by
Output format

Email address (optional) spaul@lji.org 6]

[#3]
(=
[=r
=
7
&

2023 IEDB User Workshop
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MHC-II Binding Prediction — Example

MHC-Il Binding Prediction Results

Input Sequences
# Name Sequence
1| West Nile virus envelope glycoprotein | FNCLGMSNRDF LEGVSGATHVDLVLEGDSCYT IMSKDKPTIDVKMMNMEA

ANLAEVRSYCYLATVSDLSTKAACPTMGEAHNDKRADPAFVCRQGVWDRG T

WGNGCGLFGKGS IDTCAKFACSTKAIGRTILKENIKYEVAIFVHGPTTVE

SHGNYSTQVGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNA

YYVMTVGTKTF LVHREWFMDLNLPLSSAGSTVWRNRET LMEF EEPHATKQ

SVIALGSQEGALHQALAGAIPVEFSSNTVKLTSGHLKCRVKMEKLQLKGT

TYGVCSKAFKF LGTPADTGHGTWLELQYTGTDGPCKVPISSVASLNDLT

PVGRLVTVNPFVSVATANAKVLIE L EPPFGDSYIVVGRGEQQINHHWHKS

GSSIGKAFTTTLKGAQRLAALGDTAWDFGSVGGEVF TSVGKAVHQVFGGAF

RSLFGGMSWITQGLLGAL LLWMGINARDRSIALTF LAVGGVLLFLSVNVH — | |nput sequence

A
Prediction method: netmhciipan_el 4.1 | High score = good binders
Download result (€]
Citations I

Core Sequence Peptide Sequence % Percentile Rank
HLA-DQA1*01:01/DOB1°02:01 | 1 | 306 | 320 15 | FKFLGTPAD SKAFKFLGTPADTGH | 0.0383 1.30
HLA-DOA1"01:01/DQB1°02:01| 1 | 132 | 146 15 | IKYEVAIFV KENIKYEVAIFVHGP | 0.0369 1.40 ~
HLA-DOA1*01:01/DQB1°02:01 | 1 | 236 | 250 | 15 | LMEFEEPHA | RETLMEFEEPHATKQ | 0.0305 | 2.30
HLA-DQA1*01:01/DQB1702:01 1 305 319 15 FKFLGTPAD CSKAFKFLGTPADTG 0.0297 2.50
HLA-DQA1"01:01/DQB1"0201 | 1 | 357 | 371 15 | FVSVATANA TVNPFVSVATANAKY | 0.0240 3.90
HLA-DOA1"01:01/DQB1"02:01| 1 | 235 | 249 15 | LMEFEEPHA NRETLMEFEEPHATK | 0.0235 4.10
HLA-DQA101:01/DQB1"0201 | 1 | 131 | 145 | 15 | IKYEVAIEV | LKENIKYEVAIFVHG | 0.0233 | 4.20
HLA-DQA1*01:01/DQB1702:01 1 237 251 15 LMEFEEPHA ETLMEFEEPHATKQS 0.0182 T
HLA-DOA1*01:01/DOB1°02:01 | 1 | 234 | 248 15 | LMEFEEPHA RNRETLMEFEEPHAT | 0.0181 7.10
HLA-DQA1'01:01/DQB1702:01 | 1 | 307 | 321 15 FKFLGTPAD KAFKFLGTPADTGHG | 0.0176 7.60 Output
HLA-DQA1*01:01/DQB1°02:01 | 1 | 356 | 370 | 15 | FVSVATANA | VTVNPFVSVATANAK | 00174 | 7.60 .
|| Tl | | . . —~ | (sorted high-to-low by
HLA-DQA1*01:01/DQB1702:01 1 133 147 15 IKYEVAIFV ENIKYEVAIFVHGPT 0.0156 9.40
HLA-DOA1*01:01/DOB1°02:01 | 1 | 304 | 318 15 | FKFLGTPAD VCSKAFKFLGTPADT | 0.0156 9.50 score)
HLA-DOA1*01:01/DOB1°02:01 | 1 | 233 | 247 15 | RETLMEFEE WRNRETLMEFEEPHA | 0.0154 9.70
HLA-DQA1*01:01/DQB1°02:01 | 1 | 358 | 372 | 15 | FVSVATANA | NPFVSVATANAKVL | 00147 | 11
HLA-DOA1"01:01/DQB1°02:01| 1 | 224 | 238 15 | SAGSTVWRN PUSSAGSTVWRNRET | 0.0142 12
HLA-DQA1*01:01/DQB1°02:01 | 1 | 130 | 144 15 | IKYEVAIFV TLKENIKYEVAIFVH | 0.0141 12
HLA-DOA1*01:01/DOB1°02:01 | 1 | 223 | 237 15 | SAGSTVWRN LPWSSAGSTVWRNRE | 0.0138 12
HLA-DQA1*01:01/DQB1°02:01 | 1 | 337 | 351 | 15 | ISSVASLND | KVPISSVASLNDLTP | 0.0135 | 13
HLA-DOA1"01:01/DQB1°02:01 | 1 | 43 57 15 | MNMEAANLA VKMMNMEAANLAEVR | 0.0135 13
d
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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:

e Percentile rank < 10.0 (Percentile rank on linear scale (0-100),
lower value = better binder)

e MHC binding affinity IC50 £ 1000nM

e Given the increased prediction performance, threshold
can probably be made more stringent — evaluation
outstanding

2023 IEDB User Workshop 16



Issue of Overlapping Peptides

* The tool breaks the sequence into all possible 15-mers -

Peptides overlapping by 14 amino acid residues

A B C|D E F G H | J K L M N 0
1 allele seq_nustart end peptide method percent comblib_core comblibcomblibsmm_align_core smm_al smm_al nn_align_core nn_a
2 |HLA-DPA1*01/DPB1*0401 1 527 541|DHLEFWEGVETGLTH |Consensus|com  2.52 FWEGVFTGL 6.9 19.59 FWEGVFTGL 310 0.62 EFWEGVFTG 3
3 |HLA-DPA1*01/DPB1*0401 1 528 542[HLEFWEGVFTGLTHI |Consensus|com  2.57 FWEGVFTGL 6.9 19.59 FWEGVFTGL 302 0.58 FWEGVFTGL 4
4 HLA-DPA1%01/DPB1*0401 1 526 540JQDHLEFWEGVFTGLT |Consensus|com  2.62 FWEGVFTGL 6.9 19.59 FWEGVFTGL 310 0.62 EFWEGVFTG 4
5 HLA-DPA1*01/DPB1*0401 1 529 543|LEFWEGVFTGLTHID |Consensus(com  3.13 FWEGVFTGL 6.9 19.39 FWEGVFTGL 308 0.61 FWEGVFTGL 3
6 HLA-DPA1*01/DPB1*0401 1 525 539|CODHLEFWEGVFTGL |Consensus|com  3.26 FWEGVFTGL 6.9 19.59 EFWEGVFTG 320 0.66 FWEGVFTGL 5
7 |HLA-DPA1*01/DPB1*0401 1 39 53 ARAQTFLATCINGVCW Consensus|com 3.8 QTFLATCIN 728,23 45.84 FLATCINGY 742 3.36 FLATCINGV b
8 HLA-DPA1*01/DPB1*0401 1 262 276 GSPITYSTYGEFLAD Consensus{com  4.07 TYSTYGKFL 238 15.24 ITYSTYGKF 827  4.07 ITYSTYGKF
9 'HLA-DPA1*01/DPB1*0401 1 40 54 AQTFLATCINGVCHT Consensus|com  4.08 QTFLATCIN 728.23  45.84 FLATCINGY 746 3.39 FLATCINGV 7
10 HLA-DPA1*01/DPB1*0401 1 263 277 SPITYSTYGKFLADG Consensus(com  4.08 TYSTYGKFL 2,38 15,24 ITYSTYGKF 828 4,08 ITYSTYGKF 3
11 HLA-DPA1*01/DPB1*0401 1 38 52 TAAQTFLATCINGVC Consensus{com  4.13 TAAQTFLAT 5252 29.77 FLATCINGY 478 149 FLATCINGY 7
12 HLA-DPA1*01/DPB1*0401 1 37 51 STRAQTFLATCINGV Consensus(com  4.56 TAAQTFLAT 5252 29,77 TAAQTFLAT 464 1.41 FLATCINGV 8
13 HLA-DPA1*01/DPB1*0401 1 261 275 TGSPITYSTYGRFLA Consensus{com  4.78 TYSTYGKFL 238 15.24 ITYSTYGKF 908  4.78 ITYSTYGKF
14 HLA-DPA1*01/DPB1*0401 1 530 544 EFWEGVFTGLTHIDA Consensus|com 5 FWEGVFTGL 6.9 19.59 FWEGVFTGL 664  2.75 FWEGVFTGL 9
15 HLA-DPA1*01/DPB1*0401 1 102 116 SDLYLVTRHADVIEV Consensus(com  7.45 LVTRHADVI 23.49 2543 YLVTRHADV 1194 7.45 YLVTRHADV 14
16 HLA-DPA1*01/DPB1*0401 1 41 55 QTFLATCINGVCWTY Consensus{com  7.57 QTFLATCIN 728.23  45.84 FLATCINGY 829 4.09 FLATCINGY 16
17 HLA-DPA1*01/DPB1*0401 1 101 115 SSDLYLVTRHADVIP Consensus(com  7.57 LVTRHADVI 2349 2543 YLVTRHADV 1206 7.57 YLVTRHADV 16
18 HLA-DPA1*01/DPB1*0401 1 260 274 TTGSPITYSTYGKFL Consensus{com  7.71 TYSTYGKFL 238 15.24 ITYSTYGKF 1221 771 ITYSTYGKF 10
19 HLA-DPA1*01/DPB1*0401 1 100 114 G3SDLYLVTRHADVI Consensus|com  7.85 GSSDLYLVT 0.74  11.33 YLVTRHADV 1183 7.34 YLVTRHADV 17
20 HLA-DPA1*01/DPB1*0401 1 531 545 FWEGVFTGLTHIDAH Consensus(com  7.97 FWEGVFTGL 6.9 19.59 FWEGVFTGL 728 3.24 FWEGVFTGL 17
21 HLA-DPA1*01/DPB1*0401 1 103 117 DLYLVTRHADVIEVR Consensus(com  8.57 LVTRHADVI 2349 2543 YLVTRHADV 1307 8.57 YLVTRHADV 16

2023 IEDB User Workshop
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Issue of Overlapping Peptides: Solution

* Post-processing:
 Remove largely overlapping peptides after prediction (based

on same binding core or position)

allele

HLA-DPA1*01/DPB1%0401
HLA-DPA1*01/DPB1*0401
HLA-DPA1*01/DPB1%0401
HLA-DPA1*01/DPB1*0401
HLA-DPA1*01/DPB1*0401
HLA-DPA1*01/DPB1*0401
HLA-DPA1*01/DPB1*0401
HLA-DPA1*01/DPB1*0401
10 HLA-DPA1*01/DPB1*0401

LT -~ T~ T, T Y S T FICTI N )

2023 IEDB User Workshop
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C D E

seq_nistart end peptide

1525530 CoBHEEFRESYFRIcT—3-26-FWEGYHE—

1
1

G H I

527 541 DHLEFWEGVFTGLTH

2.32 FWEGVFTGL

39 53 AAQTFLATCINGVCH

3.8 QTFLATCIN

262 276 GSPITYSTYGKFLAD

4.07 TYSTYGKFL

1—4— 2GR FRATCINGTENT—408- G ATaN— T28.23

1 APy ST ORF IR —— 400 TYSTYOHFt—

J K L M N 0
percent comblib_core comblibcomblibsmm_align_core smm_al smm_al nn_align_core nn_a
6.9 19.59 FWEGVFTGL 310  0.62 EFWEGVFTG 3
6.9 19.59 FWEGVFIGL 302 0.58 FWEGVFTGL 4
6.9 19.59 FWEGVFTGL 310  0.62 EFWEGVFTG 4
6.9 19.59 FWEGVFIGL 308 0.61 FWEGVFTGL 3
6.9 19.59 EFWEGVFTG 320 0.66 FWEGVFTGL 5
728.23  45.84 FLATCINGV 742 3.36 FLATCINGV 6
238 15.24 ITYSTYGKF 827  4.07 ITYSTYGKF
45.84 FLATCINGV 746 3.39 FLATCINGV 7
238 15.24 ITYSTYGKF 828  4.08 ITYSTYGKF 5
18



T Cell = MHC Class Il Binding Prediction

IEDB Analysis Resource

Overview T Cell Tools || B Cell Tools H Analysis Tools || Tools-APl || Usage || Download || Datasets || Contribute Tools || References

T Cell Epitope Prediction Tools

T Cell Epitopes - MHC Binding Prediction

These tools predict IC50 values for peptides binding to specific MHC molecules. Note that binding to MHC is necessary but not sufficient for recognition
by T cells.

Peptide binding to MHC class | molecules

This tool will take in an amino acid sequence, or set of sequences and determine each subsequence’s ability to bind to a specific
MHC class I molecule.

Peptide binding to MHC class |l molecules

This tool employs different methods to predict MHC Class II epitopes, including a consensus approach which combines NN-align,
SMM-align and Combinatorial library methods.

TepiTool:

The Tepitool provides prediction of peptides binding to MHC class I and class II molecules. Tool is designed as a wizard with 6 steps
as described below. Each field (except sequences and alleles) is filled with default recommended settings for prediction and
selection of optimum peptides. The input parameters can be adjusted as per your specific needs. You can go back to Frevious
steps to change your selection before submission of the job. Once you submit the job (at the end of step-6), you will not be able
to make any more changes and will have to start the prediction all over again with updated input parameters.

T Cell Epitopes - Processing Prediction
These tools predict epitope candidates based upon the processing of peptides in the cell.
Proteasomal cleavage/TAP transport/MHC class | combined predictor

This tool combines predictors of proteasomal processing, TAP transport, and MHC binding to produce an overall score for each
peptide’s intrinsic potential of being a T cell epitope.

Neural network based prediction of proteasomal cleavage sites (NetChop) and T cell epitopes (NetCTL and NetCTLpan)

NetChop is a predictor of proteasomal Frocessing based upon a neural network. NetCTL and NetCTLpan are predictors of T cell
epitopes along a protein sequence. It also employs a neural network architecture.

MHC-NP: Prediction of peptides naturally processed by the MHC

MHC-NP employs data obtained from MHC elution experiments in order to assess the probability that a given peptide is naturally
processed and binds to a given MHC molecule. This tool was the winner of the 2nd Machine Learning Competition in Immunclogy.

& MHCII-NP:
This tool utilizes MHC 1I ligand elution data to predict naturally processed MHC 1I ligands by scanning the given peptide sequences.

T Cell Epitopes - Immunogenicity Prediction
This tool predicts the relative ability of a peptide/MHC complex to elicit an immune response.
T cell class | pMHC immunogenicity predictor

This tool uses amino acid properties as well as their position within the peptide to predict the immunogenicity of a class 1 peptide
MHC (pMHC) complex.

& Deimmunization:

The deimmunization tool is attempt to identify immunodominant regions in a given therapeutically important protein, and suggest
amino-acid substitutions that create non-immunogenic versions of the proteins. So we have opted a two steps process; 1) In the

2023 IEDB User Workshop
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Step 1: Sequence Data

IEDB Analysis Resource

J Home || Help | Reference | Download || Contact

TepiTool

S‘[epsn2 345686

Enter seguence(s) in FASTA or
PLAIN format.

Or upload file containing
sequence(s)

Next

SEQUENCE - Provide sequence data:

>Seq_1
MKALIVLGLYLLSVYTVQGKVFCELARTLKRLGMDGYRGIS LANWMCLAKK
>Seq_2

MLLALVCLLSCLANSDF

>Seq_3

MKALIVLGLVLLSVTVQGKVFERCEL&H

°®

Choose File | No file chosen

FASTA format detected.

2023 IEDB User Workshop
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Step 2: Species & Allele Class

IEDB Analysis Resource

JHome Help || Reference || Download || Contact

TepiTool

Steps 1ES 4 5 6

SPECIES & ALLELE CLASS - Select the host species and MHC allele class:

Host species

Human -
Chimpanzee Current selections:

Cow

No. of sequences 3

2023 IEDB User Workshop



Step 2: Species & Allele Class

IEDB Analysis Resource

J Home Help Reference Download Contact

TepiTool

Sleps 1 E 3 456

SPECIES & ALLELE CLASS - Select the host species and MHC allele clazs: \
Host species | Human v |

Current selections:

Mo. of sequences 3
Allele class

Class |

"Start Over ] Back J[C1255 1

2023 IEDB User Workshop



Step 3

: Allele Selection

|IEDB Analysis Resource

|

Home || Help || Reference || Download || Contact |

TepiTool

Steps 1 24 5 B

ALLELES - Specify alleles:

Human - Class |

®) gelect from list of frequently occuring alleles (Frequency = 1%)

) Select from list of all available alleles

() select from list of representative alleles from different HLA superiypes
) Use panel of 27 most frequent A & B alleles

O Upload allele file

Alleles

Current selections:

Mo. of sequences 3

Host species Human
Allele class Class |
1.A%02:01

Selected alleles

Reset alleles 3 A*03-01

2023 IEDB User Workshop
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Step 4: Peptides - Class |

IEDB Analysis Resource

J Home || Help || Reference | Download | Contact |

TepiTool

Steps 1 2 3=5 6

PEPTIDES - Select peptides to be included in prediction:

—_— @ Apply default settings for low number of peplides
O Apply default settings for moderate number of peptides
) Apply default settings for high number of peptides
() Custom selection - Select your own settings

Peptides to be included in prediction ~ Handling of duplicate peptides: -

- Duplicate peptides will be removed.

S—
Peptide lengths to be considered in prediction:
- Only peptide length 9 will be included
Qmers = 58
—

Conservancy analysis ® No
(Uses only peptides conserved in
specified % of sequences) ) Yes

Current selections:

Mo. of sequences 3

Host species Human

Allele class Class |
1.A%02:01

Selected alleles 2 AT02-06
3 AT03:01

2023 IEDB User Workshop
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Step 4: Peptides - Class |

2023 IEDB User Workshop

IEDB Analysis Resource

J Home || Help || Reference || Download || Contact |

TepiTool

Steps 1 2 3“5 3]

PEPTIDES - Select peptides to be included in prediction:

O Apply default settings for low number of peplides

) Apply default settings for moderate number of peptides
O Apply default settings for high number of peptides

@ Custom selection - Select your own settings

Handling of duplicate peptides:

® Remove duplicate peptides

) Keep duplicate peptides
Peptides to be included in prediction

Current selections:

Peptide lengths to be considerad in prediction: Mo. of sequences 3
s 60 Host species Human
mers =

amers = 58 Allele class Class |
10mers =56 Selected allel ;'i:ggfgé
[ 11mers = 54 slected aleles ’ y

3AT03M
] 12mers =52
(] 13mers = 50
[ 14mers = 48

1 sequence

) Ng 10% sequences

Conservancy analysis
(Uses only peptides conserved in

specified % of sequences)
Use peptides conserved in| 50% sequences V| e—]

EEmEmEn

20% sequences
30% sequences
40% sequences
50% sequences
60% sequences
70% sequences
80% sequences
90% sequences
100% sequences

25



Step 5: Method - Class |

IEDB Analysis Resource

J Home || Help || Reference || Download || Contact |

IEDE recommendead
Consensus
MetMHCpan

ANN

SMMPMBEC

ShM
CombLib_Sidney 2008

METHOD - Select prediction & peptide selection methods and cutoif values:

TepiTool

Steps 1 2 3 4E6

Prediction method to use | IEDE recommended V|

| Select peptides based on predicted percentile rank V|

Selection of predicted peptides
P pep Select peptides with predicted consensus percentile rank = \:'

Current selections:

Mo. of sequences
Host species

Allele class

Selected alleles

Duplicate peptides
Peptide lengths selected

Mo. of peptides included
(Mot considering conservancy analysis)

Conservancy analysis

3
Human
Class |

1.A%02:01
2.A*02:06
3.A03:01

Removed

Gmers
10mers

114

FPeptides conserved in at least 50% sequences

2023 IEDB User Workshop
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Step 5: Method - Class |

IEDB Analysis Resource

J Home || Help || Reference || Download || Contact |

TepiTool

Steps 1 2 2 4E6

METHOD - Select prediction & peptide selection methods and cutoff values:

Prediction method to use |IEDB recommended v |

| Select peptides based on predicted percentile rank V|

Selection of predicted peptides
P pep Select peptides with predicted congensus percenfile rank = D

Current selections:

Mo. of sequences
Host species

Allele class

Selected alleles

Duplicate peptides
Peptide lengths selected

Mo. of peptides included
(Mot considering conservancy analysis)

Conservancy analysis

3
Human
Class |

1.A%02:01
2 A*02:06
3.A%03:0

Removed

Smers
10mers

14

Peptides conserved in at least 50% sequences

v

Select peptides based on predicted percentile rank
Select peptides based on predicted 1C50

Select top x% of predicted peptides™
Select top x number of predicted peptides™

Select peptides based on MHC specific predicted binding threshold”

2023 IEDB User Workshop

27



g? IEDB

IEDB Selutions Center » General » Prediction & Analysis Tools

Articles in this section

Population coverage issue:
genotypic frequency is
currently not working as
expected

HLA nomenclature
Introduction and tutorials

MHC class | binding
prediction - Internal Server
Error

MHC Il Epitope Prediction -
"Internal Server Error”

When can | consider an
epitope as non-binder using
MHC class | and Il binding
predictions tools?

HLA allele frequencies and
reference sets with maximal
population coverage

Selecting thresholds (cut-
offs) for MHC class | and 1l
binding predictions

T Cell Epitopes - MHC Class Il
Binding Prediction Tools
Description

T Cell Epitopes - MHC Class |
Binding Prediction Tools
Description

Submit a request

Sign in

-
' O\ Search
e

Selecting thresholds (cut-offs) for MHC class |
and Il binding predictions

Permanently deleted user

10 months ago - Updated

The predicted binding affinities and ranks that result from the IEDE prediction tools should be treated as
ranking metrics as a way to prioritize peptides for experimental testing. There are many ways to rank the
peptides. Here, we list only the latest recommendations.

MHC class |

For MHC class | T cell epitope predictions, the latest research from our group' shows that setting a
common threshold for eluted ligand (EL) rank of ~1.1 in NetMHCPan 4.0 across all alleles results in 80%
sensitivity for capturing immunogenic peptides. Allele-specific thresholds have also been established and
are contained within thf the paper. However, the increase in sensitivity and
specificity is marginal unless there are relatively few alleles being considered with very divergent
thresholds.

MHC class Il

For MHC class Il T cell epitope predictions, selection of predicted binders can be done based on the
percentile rank or MHC binding affinity. The [EDBE currently recommends making selections based on a
consensus percentile rank of the top 20%2, which captures 50% of the immune response, Alternatively,
selecting peptides predicted to bind at 1,000nM is also supported by experimental data®.

1. Reardon et al., 2021 Mol. Cell. Proteomics (PMID 34303001)
2. Paul eg al., 2015 J. Imm. Methods (PMID 25862607)
3. Southwood et al.,, 1998, J. Immunology (PMID 9531296)

https://help.iedb.org/hc/en-us/articles/114094151811-Selecting-thresholds-cut-offs-for-MHC-class-1-and-11-binding-predictions
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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

Step 5: Method - Class |

Steps:234aa

METHOD - Select prediction & peptide selection methods and cutoff values:

Prediction method fo use |IEDB recommended v |

I| Select peptides based on MHC specific predicted binding t v |I

(*Each MHC allele has its own IC50 threshoid.
Predicted peptides will correspond to 75% of immune response.
Prediction method is SMIM)

As of now, only the following alleles are covered by this method
A*01:01
AM02:0
AM02:03
A*02:06
A*03:01
AM1:01

o
::ggg: No. of sequences 3
A-zsfuz Host species Human
A01 Alele class Class
A*31:01 1.A%02:01
A*32:01 Selected alleles 2 A*02:06
A33:01 JA*03:01
Selection of predicted peptides :‘g;g; Duplicate peptides Removed
*07: i
il Peptide lengths selected il
B*14:02 :
B*15.01 No. of peptlides inciuded 114
B*18:01 (Not considering conservancy analysis)

E:g;g? Conservancy analysis Peptides conserved in at least 50% sequences
B*35:03
B*38:01
B*39:01
B*40:01
B*40:02
B44:02
B*44:03
B*46:01
B*48:01
B*51:01
B*53:01
B*57:01
B*58:01

Please refer this paper for more details: Paul et al. (2013) J of
Immunol, 191(12): 5831-5839.

=

2023 IEDB User Workshop
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Step 5: Review & Submit

2023 IEDB User Workshop

TepiTool

31&[.'!5123-1'5“

REVIEW: Review selections, enter job details & submit data:

MNo. of sequences 3
Host species Human
Allele class Class |
1.AT02:01
Alleles 2.A*02:06
JA00
Duplicate peptides Removed
Peptide lengths Omers
selected 10mers
Approx no. of 114
peptides included
Peptide overiap MN/A (all possible nmers are included in class 1)
Conservancy analysis Peptlides conserved in at least 50% sequences
Prediction method |IEDE recommended
Peptide selection

ciilerion Based on predicted consensus percentile rank (Cutoff selected = 1)

Job details:

Job name (optional) | |

Email (optional - wil
notify when job is |bpeters@lji.org |
finished)

(Please note that you will not be able to make any more changes once submitted. You will have to
start again if you want to do s0.)
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Step 4: Peptides - Class Il

Repeat the prediction for class Il alleles

IEDB Analysis Resource

TepiTool

Peptides to be included in prediction

Conservancy analysis
(Uses only peptides conserved in
specified % of sequences)

J Home || Help || Reference || Download || Contact |

settings

PEPTIDES - Select peptides to be included in prediction:

() Apply default settings for low number of peplides
(O] Apply default settings for moderate number of peptides

() Apply default settings for high number of peptides
) custom selection - Select your own settings

Handling of duplicate peplides
- Duplicate peptides will be removed.

Desired no. of overlapping residues for 15mers

- Mo. of overlapping residues fixed at 10.

Approximate no. of peptides to be considered for prediction =
12

) No

® Yes
Use peptides conserved in| 50% sequencas

EEmEmm

summary

. not user
» Duplicates removed removed
removed selects
Overlapping user
residues 8 10 10 selects
Approx. # 10 12 14 12
peptides

Moderate Custom

Current selections:

Mo. of sequences 3

Host species
Allele class

Selected alleles

Human
Class Il

1.DPA1*01:03/DPB1*02:01
2 DQA1*03:01/DQB1*03:02
3.DRB1*01:01

4 DRE1*01:02
5DRE1701:03

2023 IEDB User Workshop
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Step 5: Method - Class Il

IEDB Analysis Resource

J Home || Help || Reference || Download || Contact |

TepiTool

Steps 1 2 3 4 E 6
Prediction method to use

Selection of predicted peptides

METHOD - Select prediction & peptide selection methods & nd cutoff values:

|IEDB recommended v|

\ 4

IEDB recommended
Consensus
MetMHCIlpan

MM _align
SMM_align
Combinatorial library
Sturniolo

| Select peptides based on predicted percentile rank V|

Select peptides with predicted consenus percentile rank =

e

Current selections:

Mo. of sequences 3
Host species Human
| Atlete ciass Class Il

Alleles selected

Duplicate peptides
Peptide overlap

Approx no. of peptides included
(Mot considering conservancy analysis)

Conservancy analysis

1.DPA1*01:03/DPB1*02:01
2.DQA1*03:01/DQB1703:02
3.DRB1*01:01
4.DRB1*01:02
5.DRB1*01:03

Removed
10 AA residues

12

Peptides conserved in at least 50% sequences

2023 IEDB User Workshop
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Step 5: Method - Class Il

IEDB Analysis Resource

J Home || Help || Reference || Download || Contact |

TepiTool

Steps 1 2 3 456

METHOD - Select prediction & peptide selection methods and cutoff values:

Prediction method to use |IEDB recommended v|

| Select peptides based on predicted percentile rank V|

Selection of predicted peptides

Select peptides with predicted consenus percentile rank =

I Start Over I Back I Next

Current selections:

Mo. of sequences 3
Host species Human
| Atlete ciass Class Il |

Alleles selected

Duplicate peptides
Peptide overlap

Approx no. of peptides included
(Mot considering conservancy analysis)

Conservancy analysis

1.DPA1*01:03/DPB1*02:01
2.DQA1*03:01/DQB1703:02
3.DRB1*01:01
4.DRB1*01:02
5.DRB1*01:03

Removed
10 AA residues

12

Peptides conserved in at least 50% sequences

2023 IEDB User Workshop
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Step 6: Review & Submit

2023 IEDB User Workshop

TepiTool

No. of sequences 3
Host species Human
Allele class Class |l

1.DPA1*01:03/DPB1*02:01
2.DQA1*03:01/DQB1*03:02
Alleles 3.DRB1*01:01
4.DRB1*01:02
5.DRB1*01:03

Duplicate peptides Removed

Peptide lengths 15mers (Only one length for class II)

selected

Approx no. of 12

peptides included

Peptide overlap 10 AA residues

Conservancy analysis Peptides conserved in at least 50% sequences
Prediction method |IEDB recommended

Peptide selection
criterion

Job details:

Job name (optional) | |

Based on predicted consensus percentile rank (Cutoff selected = 10)

Email (optional - will
notify when job is |bpeter5@|ji_0rg |
finished)

(Please note that you will not be able to make any more changes once submitted. You will have to
start again if you want to do so.)
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Step 5: Method - Class Il

Alternative Methods

IEDB Analysis Resource

J Home || Help || Reference || Download || Contact |

TepiTool

Steps 1 2 3 4 E B Current selections:

Mo. of sequences 3
METHOD - Select prediction & peptide selection methods and cutoff values: _

Host species Human

Allele cl Class Il
Prediction method to use IEDB recommended ¥ ele class ass

1.DPA1*01:03/DPB1*02:01
2.DOAT*03:01/DQB1703:02

- - . Alleles selected 3.DRB1*01:01
Select peptides based on predicted percentile rank v 4.DRB1*01:02
Selection of predicted peptides 5DRB1*01:03
Sklect peptides with predicted consenus percentile rank = 10 Duplicate peptides e
Peptide overlap 10 AA residues

I Start Over I Back I Next

Approx no. of peptides included 12
(Mot considering conservancy analysis)
Conservancy analysis Peptides conserved in at least 50% sequences

v
L
Select pePt!dES based on prEd!ﬂEd percentile rank [Select peptides based on predicted no. of alleles binding V]
Select peptides based on predicted 1C50 .
. . . exclusive
Select peptides based on predicted no. of alleles binding ; ¥ | Select peptides that bind to at least % alleles
Select top x% of peptides® o
Select top x number of predicted peptides” class If {binding determined by IEDB consensus percentile rank = 20.0)
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Step 3-5: Class Il — 7 Allele Method

Steps 1 2H4 5 6

ALLELES - Specify alleles:

Human - Class Il

O Predict for custom allele set

O Predict for pre-selected panel of alleles

=) @ Predict using pre-selected allele sets & methods No. of sequences 3
Host species Human
Ot Allele class Class Il
ions:

Alleles P 1. DRB1%03:01
=P @ Use the '7-allele method"” g BES} r{;gg}
O Use panel of 26 most frequent alleles for promiscuous binding 38Iectteﬁ ?IIEIES 4 DRB3*01:01
meselaleles 5. DRB3702:02
6. DRB4*01:01
7. DRB5*01:01

- Selection criterion is median of percentile ranks from the 7 alleles involved.

Steps 1 2 3“5 6

Start Over PEPTIDES - Select peptides to be included in prediction:

Handling of duplicate peptides Duplicate peptides will be removed

No. of overlapping residues for 15mer peptides to be generated

(Peptide length is fixed at 15 for class I1) 10

Approximate no. of peptides to be considered for prediction 12

METHOD - Select prediction & peptide selection methods and cutoff values:

Prediction method to use |EDB recommended

Promiscuity based on "7-allele method"*
- Peptides considered as binders if median consensus percentile <

EEDEmERm

Selection of predicted peptides
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T Cell Summary

IEDB Analysis Resource

QOverview || T Cell Tools || B Cell Tools H Analysis Tools || Tools-API || Usage || Download || Datasets || Contribute Tools || References

T Cell Epitope Prediction Tools

T Cell Epitopes - MHC Binding Prediction

These tools predict IC50 values for peptides binding to specific MHC molecules. Note that binding to MHC is necessary but not sufficient for recognition
by T cells.

Peptide binding to MHC class | molecules I

This tool will take in an amino acid sequence, or set of sequences and determine each subsequence’s ability to bind to a specific
MHC class I molecule.

Peptide binding to MHC class || molecules

This tool employs different methods to predict MHC Class II epitopes, including a consensus approach which combines NN-align,
SMM-align and Combinatorial library methods.

TepiTool:
The Tepitool provides prediction of peptides binding to MHC class I and class II molecules. Tool is designed as a wizard with 6 steps
as described below. Each field (except sequences and alleles) is filled with default recommended settings for prediction and
selection of optimum peptides. The input parameters can be adjusted as per your specific needs. You can go back to Frevious
steps to change your selection before submission of the job. Once you submit the job (at the end of step-6), you will not be able
to make any more changes and will have to start the prediction all over again with updated input parameters.

T Cell Epitopes - Processing Prediction
These tools predict epitope candidates based upon the processing of peptides in the cell.

Proteasomal cleavage/TAP transport/MHC class | combined predictor

This tool combines predictors of proteasomal processing, TAP transport, and MHC binding to produce an overall score for each
peptide's intrinsic potential of being a T cell epitope.

Neural network based prediction of proteasomal cleavage sites (NetChop) and T cell epitopes (NetCTL and NetCTLpan)

NetChop is a predictor of proteasomal Frocessing based upon a neural network. NetCTL and NetCTLpan are predictors of T cell
epitopes along a protein sequence. It also employs a neural network architecture.

MHC-NP: Prediction of peptides naturally processed by the MHC

MHC-NP employs data obtained from MHC elution experiments in order to assess the probability that a given peptide is naturally
processed and binds to a given MHC molecule. This tool was the winner of the 2nd Machine Learning Competition in Immunology.

& MHCII-NP:
This tool utilizes MHC 1I ligand elution data to predict naturally processed MHC II ligands by scanning the given peptide sequences.

T Cell Epitopes - Immunogenicity Prediction
This tool predicts the relative ability of a peptide/MHC complex to elicit an immune response.
T cell class | pMHC immunogenicity predictor

This tool uses amino acid properties as well as their position within the peptide to predict the immunogenicity of a class I peptide
MHC (pMHC) complex.

& Deimmunization:
The deimmunization tool is attempt to identify immunodominant regions in a given therapeutically important protein, and suggest

amino-acid substitutions that create non-immunogenic versions of the proteins. So we have opted a two steps process; 1) In the
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T Cell = MHC Class Il Processing Prediction

IEDB Analysis Resource

Overview T Cell Tools || B Cell Tools H Analysis Tools || Tools-APl || Usage || Download || Datasets || Contribute Tools || References

T Cell Epitope Prediction Tools

T Cell Epitopes - MHC Binding Prediction

These tools predict IC50 values for peptides binding to specific MHC molecules. Note that binding to MHC is necessary but not sufficient for recognition
by T cells.

Peptide binding to MHC class | molecules

This tool will take in an amino acid sequence, or set of sequences and determine each subsequence’s ability to bind to a specific
MHC class I molecule.

Peptide binding to MHC class || molecules

This tool employs different methods to predict MHC Class II epitopes, including a consensus approach which combines NN-align,
SMM-align and Combinatorial library methods.

TepiTool:
The Tepitool provides prediction of peptides binding to MHC class I and class II molecules. Tool is designed as a wizard with 6 steps
as described below. Each field (except sequences and alleles) is filled with default recommended settings for prediction and
selection of optimum peptides. The input parameters can be adjusted as per your specific needs. You can go back to Frevious
steps to change your selection before submission of the job. Once you submit the job (at the end of step-6), you will not be able
to make any more changes and will have to start the prediction all over again with updated input parameters.

T Cell Epitopes - Processing Prediction
These tools predict epitope candidates based upon the processing of peptides in the cell.
Proteasomal cleavage/TAP transport/MHC class | combined predictor

This tool combines predictors of proteasomal processing, TAP transport, and MHC binding to produce an overall score for each
peptide’s intrinsic potential of being a T cell epitope.

Neural network based prediction of proteasomal cleavage sites (NetChop) and T cell epitopes (NetCTL and NetCTL pan)

NetChop is a predictor of proteasomal Frocessmg based upon a neural network. NetCTL and NetCTLpan are predictors of T cell
epitopes along a protein sequence. It also employs a neural network architecture.

MHC-NP: Prediction of peptides naturally processed by the MHC

MHC-NP employs data obtained from MHC elutlon expenments |n order to assess the prcnbabmt\,-r that a gwen_peptlde is naturally

& MHCII-NP:
This tool utilizes MHC 1I ligand elution data to predict naturally processed MHC 1I ligands by scanning the given peptide sequences.

T Cell Epitopes - Immunogenicity Prediction
This tool predicts the relative ability of a peptide/MHC complex to elicit an immune response.
T cell class | pMHC immunogenicity predictor

This tool uses amino acid properties as well as their position within the peptide to predict the immunogenicity of a class I peptide
MHC (pMHC) complex.

& Deimmunization:

The deimmunization tool is attempt to identify immunodominant regions in a given therapeutically important protein, and suggest
amino-acid substitutions that create non-immunoaenic versions of the proteins. So we have opted a two steps process: 1) In the
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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

Binding Core

\
* HLEFWEGVFTGLTHI

—————

Peptide flanking residues
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MHCII-NP

* Predicting the naturally processed peptides for MHC
class Il

e Based on
e Cleavage motif analysis at C and N terminal of peptides
e Ligand elution data derived from IEDB

e Ligand predictions is improved markedly when
combining the binding and cleavage motifs

e T cell epitope prediction is not significantly improved
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MHCII-NP — Example

IEDB Analysis Resource - Labs

|| Home | Help | Example | Reference | Download || Contact |

MHCII-NP: Prediction of naturally processed MHC Il ligands

>sp|P15848 | ARSE_HUMAN Arylsulfatase B 0S=Homo sapiens 0X=9606
GN=ARSB PE=1 SV=1
MGPRGAASLPRGPGPRRLLLPVVLPLLLLLLLAPPGSGAGASRPPHLVFLLADDLGWHNDY
GFHGSRIRTPHLDALAAGGVLLDNYYTQPLCTPSRSQLLTGRYQIRTGLQHQIIWPCQPS
CVPLDEKLLPQLLKEAGYTTHMVGKWHLGMYRKECLPTRRGFDTYFGYLLGSEDYYSHER
CTLIDALMVTRCALDFRDGEEVATGYKNMYSTMIFTKRAIALITNHPPEKPLFLYLALQS
VHEPLQVPEEYLKPYDF IQDKMNRHHYAGMVS LMDEAVGNVTAALKSSGLWNNTVFIFSTD
NGGQTLAGGNNWPLRGRKWS LWEGGYRGVGFVASPLLKQKGYVKNRELIHISDWLPTLVKL
Enter sequences in FASTA or plain format ARGHTNGTKPLDGFDVWKTISEGSPSPRIELLHNIDPNFVDSSPCPRNSMARPAKDDSSLP
EYSAFNTSVHAATIRHGNWKL LTGYPGCGYWFPPPSQYNVSEIPSSDPPTKTLWLFDIDRD
PEERHDLSREYPHIVTKLLSRLQFYHKHSVPVYFPAQDPRCDPKATGVWGPWM

Or upload sequences as a text file| Choose File | No file chosen
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MHCII-NP — Example

IEDB Analysis Resource -

Labs

| Home || Help | Example || Reference | Download || Contact

MHCII-NP results

Top 5 peptides per input sequence:

Peptide | Peptide | Peptide
start end
SP|P15848|ARSE_HUMAN
524

ARYLSULFATASE B 510
0O5=HOMO S...

SP|P15848]ARSB_HUMAN
ARYLSULFATASE B 2 16 15
0S5=HOMO S...

SP|P15848|ARSB_HUMAN
ARYLSULFATASE B 247 261 15
OS=HOMO 5_..

SP|P15848|ARSEB_HUMAN
ARYLSULFATASE B 384 398 15
OS=HOMO 5_..

SP|P15848|ARSB_HUMAN
ARYLSULFATASE B 12 26 15
05=HOMO 5_..

15

complete results (TSVY)

ﬁ

VPVYFPAQDPRCDPK

GPRGAASLFRGFPGFR

VPEEYLKFYDFIQDK

SPSPRIELLHNIDPN

GPGPRRLLLPVVLPL

S5VP

MGP

QvP

GSF

RGP

PKA

PRR

DKN

PNF

PLL

Cleavage
motif | probability
score

1.75814

173735

1.48540

1.40420

1.33714

Cleavage
probability
percentile

0.00

0.02

0.04

0.05

0.07

rank
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MHCII-NP Scores

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

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

Bama er ol Ganome M e (2018} 10:84
hitps.idolorg10.1186/513073-018-0594-6

Genome Medicine

@‘ reaMark

Footprints of antigen processing boost
MHC class Il natural ligand predictions

Carolina Barra""@, Bruno Alvarez'", Sinu Paul’, Alessandro Sette’ Bjoem Peters”, Massimo Andreatta’
Saren Buus® and Morten Nielsen'#

2023 IEDB User Workshop

Combined score = a X cleavage probability score + (1 — a) X binding score

0.73

0.72

0.71

o
~

Cleavage Score

o
fe)
o

Average AUC
o
(o)}
(o]

0.67
0.66
0.65
0.64 . .
Binding Score
0.63
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Alpha

Front Immunal. 2018 Aug 6;9:1795. dei: 10.3389/fimmu.2018.01795. eCollection 2018.

Determination of a Predictive Cleavage Motif for Eluted Major
Histocompatibility Complex Class Il Ligands.

PMID: 30127785 PMCID: EMC6027742 DOl 10.3389/fimmu 2013 01795
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T Cell = MHC Class Il Immunogenicity Prediction

T Cell Epitopes - MHC Binding Prediction

These tools predict IC50 values for peptides binding to specific MHC molecules. Note that binding to MHC is necessary but not sufficient for
recognition by T cells.

Peptide binding to MHC class | molecules

This tool will take in an amino acid sequence, or set of sequences and determine each subsequence's ability to bind to a specific
MHC class I molecule.

Peptide binding to MHC class |l malecules

This tool employs different methods to predict MHC Class II epitopes, including a consensus approach which combines NN-align,
SMM-align and Combinatorial library methods.

TepiTool:
The Tepitool provides prediction of peptides binding to MHC class I and class II molecules. Tool is designed as a wizard with 6 steps
as described below. Each field (except sequences and alleles) is filled with default recommended settings for prediction and
selection of optimum peptides. The input parameters can be adjusted as ﬁer your specific needs. You can go back to previous steps
to change your selection before submission of the job. Once you submit the job (at the end of step-6), you will not be able to
make any more changes and will have to start the prediction all over again with updated input parameters.

T Cell Epitopes - Processing Prediction

These tools predict epitope candidates based upon the processing of peptides in the cell.

Proteasomal cleavage/TAP transport/MHC class | combined predictor
This tool combines predictors of proteasomal processing, TAP transport, and MHC binding to produce an overall score for each
peptide's intrinsic potential of being a T cell epitope.

Neural network based prediction of proteasomal_cleavage sites (NetChop) and T cell epitopes (NetCTL and NetCTLpan)

NetChop is a predictor of proteasomal processing based upon a neural network. NetCTL and NetCTLpan are predictors of T cell
epitopes along a protein sequence. It also employs a neural network architecture.

MHC-NP: Prediction of peplides naturally processed by the MHC
MHC-NP emplogs data obtained from MHC elution experiments in order to assess the probability that a given ?

eptide is naturally
processed and

inds to a given MHC molecule. This tool was the winner of the 2nd Machine Learning Competition in Immunology.

& MHCII-NP:
This tool utilizes MHC II ligand elution data to predict naturally processed MHC II ligands by scanning the given peptide sequences.

T Cell Epitopes - Immunogenicity Prediction
These tool make predictions about the relative ability of a peptide/MHC complex to elicit an immune response.
T cell class | pMHC immunogenicity predictor

This tool uses amino acid properties as well as their position within the peptide to predict the immunogenicity of a class I peptide
MHC (pMHC) complex.

& Deimmunization:

The deimmunization tool is attempt to identify immunodominant regions in a given therapeutically important protein, and suggest
amino-acid substitutions that create non-immunogenic versions of the proteins. So we have opted a two steps process; 1) In the
first step, the deimmunization tool will list all the immunogenic regions or peptides based on selected threshold. These peptides
will be generated from the protein with 15mer window size and 10mer overlap. 2) In the second step, the user can select one or
more peptides listed in the results and final result window will display the non-immunogenic substitution of each selected peptides.
The default threshold is 8.5 (which is difference in the median of percentile rank from 26 reference alleles set for MHC class II). In
the final result window, the tools will also take care of the fact that non-immunogenic substitution in the immunogenic peptides,

should not create new immunogenic site in the neighboring peptides. Therefore, the result window will also display the effect of
substitution on the neighboring peptides.

& CD4 T cell immunogenicity prediction:

The server is developed to predict the allele independent CD4 T cell immunogenicity at population level. User can predict the T cell
immunogenicity using 7-allele method ﬁPauI et. al. 2015), immunogenicity method and combined method (IEDB recommended).
The combined method predicts the final score that combines the predictions from 7-allele method and immunogenicity method.
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MHC-II Restricted Immunogenicity
Prediction

e Extracted datasets of proteins from the IEDB for which
overlapping peptides were tested for immunogenicity

e Utilized these datasets to train a Neural Network to
learn ‘motifs’ associated with immunogenicity
independent of specific MHC alleles expressed

e Resulting score can be combined with ‘7 allele method’
quantifying MHC binding across alleles to predict overall
Immunogenicity
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Class Il Immunogenicity Prediction

e Based on Neural network model trained on

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

e Tetramer dataset- derived from IEDB

 Validated on 57 independent studies from different
groups across the world

 Implemented three approaches
o 7-allele method (Paul et. al. 2015)
* Immunogenicity predictions
e Hybrid approach
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Class Il Immunogenicity Prediction — Example

IEDB Analysis Resource - Labs

| Home || Help | | Example || Reference | | Contact |

CD4 T cell immunogenicity prediction

>sp|P01588| EPO_HUMAN Erythropoietin 0S=Homo sapiens GN=EPO PE=1 Sv=1
MGVHECPAWLWLLLSLLSLPLGLPYLGAPPRLICDSRVLERYLLEAKEAENITTGCAEHC
SLNENITVPDTKVNFYAWKRMEVGQQAVEVIWQGLAL LSEAVLRGQALLVNSSQPWEPLQL
' HVDKAVSGLRSLTTLLRALGAQKEAISPPDAASAAPLRTITADTFRKLFRVYSNF LRGKL

Enter epitope sequence(s) in PLAIN or FASTA format KL YTSEACRIGER

Or upload epitope sequence(s) from a file Choose File | No file chosen
Choose a prediction method

Prediction method: IEDB recommended (combined) v |f———— ¥
IEDB recommended (combined) I

Specify Output

7-allele

Sort Peptides by: I Position in Protein v I_ > - * | Immunogencity
Score/Percentile Rank

Position in Protein

Select maximum combined score threshold: 50 v

Enter the Job Name (Optional)

Email address (optional) | |
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Class Il Immunogenicity Prediction — Example

IEDB Analysis Resource - Labs

| Home | Help | | Example | Reference |] Contact L

CD4 immunogenicity prediction resuits

Number of proteins: 1

Number of 15mer (overlapping 10mer): 37
Threshold : 50 0%

Method : combined

Download result [x]

Citations

Protein Protein Description Peptide ] Combined Immunogenicity Peptide core  Median Percentile HLA- HLA- HLA- HLA- HLA- HLA- HLA-

Number Score Score Rank (7-allele) DRB1:03:01 DRB1:07-:01 DRB1:15:01 DRB3:01:01 DRB3:02:02 DRB4:01:01 DRB5:01:01
y splP01588|EPO_HUMAN Erythropoietin

S s bariony GNAEPOPER N, | WLLLSLLSLPLGLPV | 11 | 25 | 4216452 95.0613 LLSLLSLPL 69 250 32 36 730 330 69 65
£ ggfﬁ;fn?ﬁ:gﬁ;‘gﬂjgpﬁowgﬁ%ﬁﬂ | TKVNFYAWKRMEVGQ | 71 | 85 | 4738488 674872 TKVNFYAWK 340 | s0 | 20 | 10 | 70 | 0 | 0 | 40
i S O HUNAN Erytropaletin | EPLOLMVDKAVSGLR | 116 | 130 | 3255636 38903 | LHVOKAVSG | 25.0 s4 | s0 | w0 | 20 | 70 %0 | 20
P S g R eletin, | VSGLRSLTTLLRALG | 126 | 140 | 4495964 868991 | LTTLLRALG | 170 | 120 | wo | s3 | mwo | 220 | 220 | 13
r | ggfﬁo';%sﬁggi?gﬁ‘_}gp% ",‘EL %‘%‘2", | SUTLLRALGAGKEA | 131 | 15| 4278744 694686 | LLRALGAGK 250 | a0 | wo | 210 | s0 | 20 | w0 | 1e
1 SR N g i opoletin, | PLRTITADTFRKLFR | 156 | 170 | 4618064 & 854516 LRTITADTF 200 | 61 | aro 400 80 w0 | w0 | 200
r | A U e e el | TADTFRKLERVYSNF | 161 | 175| 4666384 | 446746 | FRKLFRVYS | 480 | &0 | o | 230 | 480 | mo | smo | 240
v ggfg;ﬁ?'s‘;Egi:‘gﬂjgp%’vgjﬁ‘gﬁg | RKLFRVYSNFLRGKL | 166 | 180 | 138966 224415 | FRVYSNFLR | 82 | e300 | 82 | o2 | 20 | 48 | 20 | 15

Download result [x]

Citations

If you use CD4 T cell Immunogencity prediction tool in @ manuscript, please cite following article:
Dhanda et. al.: Predicting HLA CD4 immunogenicity in human populations; Frontiers in Immunology, 2018, 9,
1369 Click here to read full text
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Class Il Immunogenicity Prediction Scores

* Immunogenicity Score:

Derived from the
neural network model
trained on
Immunogenicity data

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

2023 IEDB User Workshop

Combined score = @ X Imm score + (1 — a) X HLA score.

0.730

—— Combined Score
== cut-off

0.725 A
0.720 A
o
2 0.715 A
0.710 A

0.705 A

0.700 T L T T
0.0 0.2 0.4 0.6 0.8 1.0

Alpha
Front Immuneol. 2018 Jun 14;9:1369. doi: 10.3389fimmu.2018.01369. eCollection 2018.
Predicting HLA CD4 Immunogenicity in Human Populations.

Dhanda SK', Karosiene E', Edwards L, Grifoni A", Paul 8", Andreatta M2, Weiskopf D', Sidney J',
Niglsen \.'12'3: Peters B1'4, Sette A4

FMID: 29963059 PMCID: PMC6010533 DQI: 10.3389/fimmu.2018.01369
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Class Il Summary

* Performance of MHC Il 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 | and class Il —and should be a
good starting point

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