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Abstract

- Non-IgE-mediated adverse immune reactions
- In vitro protein digestibility
- Endogenous allergenicity
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European Food Safety Authority

Why?

To consider new developments

To address MS/NGOs/EP/applicants
comments

To assist implementation of regulatory
requirements

Background information

Literature reviews from external
contractor and internally performed

Focus group involvement
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Immediate hypersensitivity
reactions

IgE-mediated {

Eosinophilic oesophagitis
4 Eosinophilic gastroenteritis
Eosinophilic gastroenterocolitis

Combined IgE-
and non-IgE-
mediated _

Food enteropathy
Celiac disease
Non-IgE- < Food protein induced
mediated | enterocolitis

Heiner syndrome

Adapted from: The University of Manchester, 2013. Literature review: EFSA supporting publication
2013:EN-527,40 pp
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Immediate hypersensitivity
reactions

IgE-mediated {

Combined IgE-
and non-IgE-
mediated

Celiac disease
Clear cause-effect

relationship
Non-IgE-
mediated
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RA of proteins: celiac disease

if concerns If concerns

Step 1 — are raised r— Step 2 B are raised — Step 3

! I
! l
Knowledge on the ' ' HLA-DQ
protein (exposure, ! ! binding assays
| HLA-DQ peptide ' T cell testing
! modelling I '
Search for sequence | I initea
identity ! ! ~ digestibility*

* for details, please see chapter on in vitro digestibility
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Celiac disease — Applicant’s safety assessment
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Main aspects to highlight

= Real harmonisation between applicants

= Overall approach proposed by applicants in
line with EFSA 2017 guidance document

m Stepwise approach:
- Knowledge on the source and the protein

with perfect match

with partial match with motif

without motif

- Searches
- HLA-DQ modelling

- In vitro testing
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 Possible assessment criteria
« EFSA described few assessment criteria

« Additional assessment criteria needed?

« Tool should be practical keeping the case-by-case
philosophy

- Development of a publicly available database

« Few databases used/inclusion criteria
- HLA-DQ-peptide modelling
« EFSA procurement

* In vitro testing



Applicant’s proposal — Assessment criteria

Degenerate
(4aa motif)
Search

N

Applicant’s slide from
October 2018 workshop
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¢ |
@ P4 or P6 (*) ‘ A
Check for PP(*¥)
Partial Match o )
Search Check for protease cleavage site
¥
Search or 9
e Check for mull motif ELPF (*)
s . or
‘:\“C‘l:‘;fﬁ“e() Y@ > | Checkforpositively charecd  (|= N | Modeling
r‘ﬂ“’ap q}' P residue at pl, p4, p6, p7, p9 (*)
b st or
5 ".‘; DQE Check for small residues (G/A)
POPUES) before the motif (*)
or
Check for Serine subsequent to
N the motif (¥) N
|
Y
(at least 1 condition)
No concern 8




Applicant’s proposal — Database

CD Peptide Sequences

Epitope Motif Reference

DQ2.3glaata PFPQPQLPY Areniz-Hansen & &, (2000}
DQR.5gla-alb PYPQPQLPY Areniz-Hansen & o, (2002)
DQ2.5qka-x2 PQPQLPYPQ Arentz-Hansen e &, (2000)

0Q2. 5gka-d FRPQQPYFQ Vader et al, (20020)

DQR. Sy PQQSFPQQQ Sfostrom et al. (1998)

DQ2.5qla-72 IQPQQPAQL Qiao & &, (2005), Vader et al. [20020)
0Q2.5gka73 QQFQQPYPQ Arertz-Hansen et &, (2062)
oQR.5glarh SQPQQQFPQ Areriz-Hansen ot . (2002}
0Q.5-gla-r4b PUPQQQFPQ Qiso & &, (2005)

DQ2.5gla-1% QQPQQPFPQ Areni2-Hansen et d, (2002}
DQR.5gha-4d FQPQQPFCQ Qo (unpubiishod)

DQL 5l QQPFPQQPQ Acentz-Hawen el al (002)
DQR.5-glia-ul PFPQPQQPF | Tye-Din e &, (2010)

DR 5-gia-n2 PQPQQPFPW | Tye-Din et &, (2010)

DQ2.2-giut-L1 PFSQQQQPY Vader ¢ 4_(2002)

DQR.5glut-L2 FSQQQQSPF Stepriak o o, (2005), Viader et al, (20020)
Q2 5-hor-1 PFPQPQQPF Tye-Tin e 3, (2010), Vader &t al (2003)
DR 5hoe PQPQQPFPQ Vader o . (2003)

DR S-sec-1 BFPQPQQPF Tye-Din et 2. (2010), Vader et al. (2003)
QR S-e0c2 PQPQQPFPQ Vader ¢ o, (2003)

DGR 5avet PYPEQQEPF Acentz:Hansen et al. (2004), Voder &t &, (2003)
E.S-mlb PYPEQQQPF m-mausm;‘waa‘wt
DQS restricted epitopes

Epitape Motf Reference

DQB-gha-al QGSFQPSQQ van de Vil ot al. (1950)

DE-gha-y1a QQPQQPFPQ Tobefgen ot al. (2006)

DQE-gle-y 1 QQPQQPYPQ Talefsen et al. (2006)

mt-m QGYYPTSPQ mdemdm

T Snghe tter CODE for amno S0G5 15 used. A Characersic QX1 P X2 mor & presert in U Bige magorty of HADQ2
epkopes (In told). This saquerce is » tamet sequence for TE2, which yiedds E-X1-P-XZ. Due to the ntroduction of the negatively
chorged aming acid ghusewe, the peptices becirse high afinity binders for HA-DQR, dia-x - »gliadin; gla-y - rgliadn,

hor -~ hordan; sec - secaing awe - gvenin; gLl - LWM-gitenin, glut-M - HMW-glutenin

Table adapted from: EFSA 2017 and Sollid et al., 2012
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1378 total peptides

/" Guidance document
/" Propepper

/- Allergenonline

Exact 9 amino acid match, a likelihood of hazard

CD Peptides found in proteins from wheat, barley, rye and oats

Applicant’s slide from
October 2018 workshop
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EFSA guidance statements

Recognition of gluten peptides by CD4+ T cells from one or more
CD patients has been a prerequisite for defining toxic CD peptides
(Sollid et al., 2012)

Several listings/databases of the known T-cell stimulatory
sequences identified in gluten, hordeins, secalins and avenins are
available including the https://propepper.net database and the
http://www.allergenonline.org/database.

An overview of the best characterised epitopes along with a unified
nomenclature is presented in Sollid et al. (2012)

Could these prerequisites be used as starting points to define what
inclusion criteria should be applied for the purpose of building up a
database?

10


https://propepper.net/
http://www.allergenonline.org/database

B i
Database development | “ efsam
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EFSA GD 2017/

Development of a comprehensive database that is
publicly available, curated regularly and
appropriately built and designed for risk

assessment purposes is an important aspect to be

further investigated

11
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* EFSA exploring possibilities to develop
a software tool for peptide modelling
« Applicability to safety assessments

involving proteins — not only useful for GM plants

« Tool publicly available
» International cooperation and recognition needed

EFSA procurement

12



efsan

European Food Safety Author

OC/EFSA/GM0O/2019/01

HLA-DQ peptide modelling software -
Developing a software tool for peptide
modelling regarding its capacity to bind
to HLA-DQ molecules and to activate T-
cells

1. Collecting info on tools available for
protein modelling related to celiac
disease

2. Developing a software tool for predicting
the capacity of a protein to cause celiac
disease based on peptide binding to
specific molecules and activation of
immune cells

3. Testing and adjusting the software tool

13



RA of proteins: celiac disease
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Step 1 —

if concerns
are raised

Knowledge on the

protein (exposure,
source, etc)

If
isufficient —

Search for sequence
identity

If concerns
are raised

HLA-DQ peptide

modelling

* for details, please see chapter onin vitro digestibility

—> Step 3

HLA-DQ
binding assays

T cell testing

in vitro
digestibility*

14
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Time in SGF
_seconds __ minutes

« Pepsin test questioned by: e L IER I EETREL.
- More recent scientific developments
- Member States
- EP / NGOs

ot!!.l'ﬂg

Astwoodet al 1996. Nat Biotechnol 14, 1269-1273

MANCHESTER

The University of Manchester EFSA supportin& publication 2013:EN-529

EXTERNAL SCIENTIFIC REPORT

Literature review: ‘in vitro digestibility tests for allergenicity assessment”'

E.N. Clare Mills', Justin T. Marsh', Phil E. Johnson', Robert Boyle’, Karin Hoffmann-
Sommergruber’, Didier DuPont’, Joan Bartra®, Serafim Bakalis®, John McLaughlin’, Peter R.
Shewry®

15



In vitro protein degradation: EFSA GD (2017)

Classical pepsin
resistance test

ﬁ

In vitro protein digestibility test
reflecting more physiological
conditions

Proposed gastric conditions:

Elderly/adults in fasted state
Elderly/adults in fed state

People with impaired gastric function
People taking antacids

Infants

Low [Pepsin]
(biosurfactant

actants)

Low pH /
High [Pepsin]

(biosurfactants)

o
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— Intestinal

Interim phase ongoing to evaluate the efficacy of the
proposed revisions

Finalisation: end 2019
Further discussion on the way forward needed

16
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Lower
concern

Oral exposure

to novel food | physiological in vitro digestion
proteins model(s) to better frame
protein—GIl tract interaction

If resulting fragments are

Higher

concern

Relevant risk assessment tools

Potential hazards for immune-mediated adverse reactions

Celiac disease IgE-mediated reactions
In use: sequence identity (for predicting cross-reactivity).
Optimized (see Box 1) To be developed: validated bioinformatic approaches
(consideration of amino acid physico-chemical properties, etc.).
a In use: pepsin-resistance test and specific human sera
screen (for predicting cross-reactivity).
To be developed: validated (i) digestion models (considering
m Optimized (see Box 1) additional steps with small intestinal brush border enzymes); (ii)
gut epithelial cell-based approaches (antigen-presenting
\_ cells, MHC-associated peptide proteomics [MAPPs], etc.). j
4 Oral challenges in allergic humans. )
To be developed: (i) HLA-phenotyping in humans (key for _Ferr_\andez et al 2019. Trends
Not foreseen more effective MAPPs assays); (ii) validated animal models In t_)'OteCh- In press.
m (relevant for sensitization and for the establishment of dose- Doi:10.1016/j.tibtech.2019.03.010.
\_ response relationship). Y, ] 17

Trends in Biotechnology



Wheat flours

In-vitro simulated human

|

v
2) Software-based peptides

list filtering

Oral, Gastric, Duodenal Phases according to the COST
) : Infogest standardized method for physiologically
gastroduodenal digestion relevant conditions (Minekus et al 2014, ref. 60)

1) HPLC-ESI-MS/MS analysis | piscovery high resolution MS/MS analysis
(Full-MS/dd-MS2) Q-Exactive Plus (Thema Fisher Scientific)

Automatic peptide sequence identification by comparison

identification of experimental MS/MS spectra with theoretical ones
(Proteome Discoverer v 2.1, calculated via software by unspecific cleavage.
Thermo Fisher Scientific) Database: GluPro V1.0 by Bromilow et al. 2017 (ref. 64).
Filters:

3) Post-processing peptides * peptide-spectrum matches (PSM) only unambiguous,
* number of PSM 23,

= mass tolerance on assigned precursor ion +5 ppm,

1 « confidence level at least medium (FDR<5%)

L 4

4) In-silico toxicity risk assessment for celiac
disease patients by sequence identity

List filtering:

J

4

4.2) Search for partial Criteria;
sequence identity with known

According to Naegeli, H., et al. 2017 (ref. 34)

» Peptide length 2 9 (minimum length to be able to activate T-cell)

4.1) Sgarch for exaFt matches | cejiac Database version 2: updated on January 18th 2018
with known epitopes http://www.allergenonline.org/celiachorne.shtm/ (refs.66-67)

() the QX,PX, motif placed at position P4 or P6 of the 9AA core
- epitope, and AA occurrence in position X, and X, was
epitopes restricted to certain AA (X,=L, Q. F. S.and X.=Y.F, A. V. Q),
(ii) partial match with epitopes that do not contain the QX,PX;

motif allowing @ maximum of 3 AA mismatches.

N
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Scouting for Naturally Low-
Toxicity Wheat Genotypes by a
Multidisciplinary Approach

Pilolli et al 2019. Nature/Scientific Reports,9:1646

“EFSA guidance for

allergenicity risk

assessment in genetically modified plants

provides very useful

recommendations

that should be followed in light of a
harmonization of the methods”

Figure 4. Workflow of the analytical strategy carried out for the identification by untargeted HR-MS/MS
analysis of GD resistant peptides and in-silico toxicity risk assessment for celiac disease patients.

18




Thank you very much
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Stay connected

www.efsa.europa.eu/en/news/newsletters
www.efsa.europa.eu/en/rss

Subscribe to

O Engage with careers
/ www.efsa.europa.eu/en/engage/careers

Follow us on Twitter
@efsa_eu
@plants_efsa
@methods_efsa
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Database development

Starting point: Public risk Stakeholders to provide
assessment bodies to draft Feedback for feedback (individual
guideliness for database evelopment countries, industry, NGOs,
inclusion criteria consumer organization...)

1

International agreement on

Ueu3juIew
10} }JeqPad4

the draft guidelines
Final product: Database tpdatecdand
> > curated
publicly available S
E following same
(evolving tool) losic fow
Internationally agreed
guidelines on inclusion
criteria publicly avialable
Data producers (e.g., industry Public risk assessement
association) to build the S bodies to check the
database considering the database against the
established criteria established criteria
Trends in Bictechnology

Fernandez and Paoletti 2018 https://doi.org /10,1016 /j.tibtech.2018.03.005 21
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