Genetics of cellac disease

Oslo .
University Hospital

Rasmus Iversen Y @Rasmuslv (\
Norwegian Coeliac Disease Research Centre

Oslo University Hospital and University of Oslo ) UiO 2 University of Oslo



Cellac disease
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* Inflammation of the small intestine in genetically susceptible individuals.
e Caused by inappropriate immune response against gluten proteins in food.

* Leads to killing of intestinal epithelial cells, villous atrophy, malabsorption.



Genome-wide

HLA and autoimmunity

association studies

(GWAS)

cases

controls

Variant Frequency

Cases - 58.3%

Controls - 16.7%
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Primary sclerosing cholangitis

Ulcerative colitis
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Jiang & Karlsen, Nat Rev Gastroenterol Hepatol, 2017



Genetics

* High concordance rate in monozygotic twins, 50-80%.
 Both HLA and non-HLA genes (>40).

* Effect of HLA dominates.

* Missing heritability (~50%).
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Non-HLA genes

* 95% of SNPs in non-coding
regions.

 Genesin associated regions
implicated in lymphocyte
activation and trafficking.

e Points to an important role of
CD4+ T cell activation.

3p22.3: (CR4
1q24.2: CD247
3q13.33: (D8O, KTELO1
7p14.1: ELMON

3p14.1: FRMD4E
6p25.3:IRF4

2q31.3: [TGA4, UBE2E3
1p31.3: NFIA

1p36.23: PARKZ, TNFRSF9
2p14: PLEK

6q22.33: PTPRK, THEMIS
1p36.11: RUNX3
14q24.1: ZFP36L1

21q922.3: ICOSLG

6q15: BACHZ, MAP3K7

3p21.31: CCR1, CCR2, CCRL2, CCR3, CCRS, CCR9
2q33.2: CTLA4, ICOS, CD28
11924.3: ETST

1q24.3: FASLG, TNF5SF18, TNFSF4
22q11.21: UBE2L3, YDIC

4q27: KIAAT109, ADAD1, IL2, IL21
3q28: LPP

1931.2: RGST

12q24.12: 5H2B3, ATXN2
6q25.3: TAGAP

Xp22.2: TLR7, TLRE

6q23.3: TNFAIP3

1p36.32: TNFRSF14, MMELT
3q25.33:1L12A, SCHIP1

Inflam mat. jlo= 'Autoimmune)

diseases

6p21.32: HLA-DQA1, HLA-DQB1
16p13.13: CIITA, 50CS1, CLEC1BA
2q12.1: IL18RAF, IL18R1, IL1RL1, IL1RL2
18p11.21: PTPNZ2

2p16.1: REL, AHSAZ2

10g22.3: ZMIZ1

Abadie et al., Annu Rev Immunol, 2011



Antigen receptors on B and T cells

Antigen Presenting Cell

B cell T cell

MHCclass Il
molecule

Antigen-binding
Antigen-binding site

Cytoplasmic
membrane

CD marker T cell receptor

f (aB TCR)

Antigen

T-cell receptor
(TCR) /1 .'
il
CD3e CD36

Zeta chain

Antigen

B-cell
receptor (BCR)

CD4 T Cell

Activation, proliferation



Generation of antigen receptors: V(D)J recombination

e Same mechanismin Band T cells
* Each new cell gets a unique antigen receptor - collection = repertoire

* Theoretically >10% unique receptors

Germline configuration:
(3) Transcription & splicing

V-segments D-segments J-segments Constant region

mFIHNHWﬂﬂm — . A
(1) D to J recombination (4) Translation & assembly
(2) V to DJ recombination ‘\l\ I;
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HLA molecules associated with celiac disease

Haplotype

DQA1* DRB1*

DQA1* DRBT1*

=

DQAT* DRBT*

HLA-DQ2
DR3-DQ2 —{ 0201
DQB1*
DR5-DQ7
DR7-DQ2 —{ 0202
DQB1*
DR7-DQ2 —{ 0202
DQB1*
HLA-DQS8
DR4-DQ8 —{ 0302

‘-'

DQB1*

DQAT1* DRB1*

.
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HLA-DQ2
heterodimer

Very high
/o225 N\
Very high
#5025\
Low
#5022 N\
High

Predisposition
for celiac disease

Epitope*

Previous
names

DQ2.5 restricted epitopes

DQ2.
DQ2.
DQ2.
DQ2.

DQ2.
DQ2.
DQ2.
DQ2.
DQ2.
DQ2.
DQ2.
DQ2.
DQ2.

DO2.
DQ2.

5-glia-ala
5-glia-clb
S-glia-o?
S5-glia-u3

S5-glia=-yl
5-glia-v2
5-glia-y3
5-glia-vd4a
5-glia-v4b
5-glia-vdc
5-glia-v4d
5-glia-y4e®
5-glia=-y5

S5=glia-ml
S5-glia-m?

DO2-a~-1, ol

DQ2--III

DQZ2-a-IT, ol

glia-a20

DQ2-y-1

DQ2-y-11, 30

DQ2-y-III
DQ2-y=-1V
DQ2-y-VIIC
DQ2-y-VIIa
DQ2-y-VIIb

DQ2-y-VI

D02=wm=1
DQ2=m=-1I1I

Peptide-binding registert
12 3 456 7 89

PFPEP?LPY”
P Y PJQJPJEJL P Y
P Q PJEJLJPLY P Q
F R PIE|JQ|JPlY P Q
P Q QJsS|FIPJE Q Q
I Q PJEjQPlA Q L
Q qQ PlEjQPlY P Q
s Q P|E|Q|E|F P Q
P Q P|E|J]Q|E|F P Q
2 Q PlEjQ|P|F P Q
P Q PlE|JQ|P|F C @
L Q PJEJQJPIF P OQ
Q Q P|FlP|lE|Q P Q
P F PlQlPJEJQ P F
P PLEJQ|P]F P W



Molecular basis for HLA association

* Preference for negatively charged peptides.

e Gluten deamidation mediated by transglutaminase 2 (TG2).

d
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NH3 H20
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TG2 Gin (Q) Intermediate Glu (E)

b DQ2.5-glia-a1a: P-F-P-Q-P-E-L-P-Y DQ2.5-glia-02: P-Q-P-E-L-P-Y-P-Q
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Tetramer staining

Detection of gluten-specific T cells

Non-specific T-cells

peptide J &

Advantages of studying celiac disease: o/ B O ©©. '/}etramers
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* Response can be turned on/off.
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Immune cell infiltration In the gut

b .rL I Lumen
Secretory IgA
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Serum antibodies In celiac disease

Measure anti-TTG IgA and total IgA in serum

Anti-deamidated gluten peptide (DGP) 1

antibodies (1gG > I1gA)

Anti-tissue transglutaminase (TTG or TG2) | | |

antibodies (IgA > 1gG)
I

Detection with recombinant TG2 or tissue l |

Test EMA [gA Test IgG TTG, DGP or

sections — endomysial antibodies (EMA) ema -

| | | |
- X (gluten intake, no
positive negative positive negative medication, no
extraintestinal
\

— 1 4

l

Anti-TTG IgA negative

Total IgA normal




Antibody-secreting plasma cells in the gut

10-20% TG2-specific.
<1% DGP-specific.

Dependent on gluten
in the diet.

PCs

UCeD |4
T IEENIN
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Lindeman et al., ] Exp Med, 2021

% Of TG2-specific PCs

20 + © TG2-Ab positive at diagnosis (n=15)
18 - °® EMA and TG2-Ab negative after GFD (n=6, 4
and 3 at 6, 12 and 24 months, respectively)
16 1 o EMA and/or TG2-Ab positive or borderline
14 - after GFD (n=5 at 12 months)
12 - @ Non-CD healthy controls on normal diet (n=2)
10 1
8 1
6 e
4 -
2 R
0 1 L
0 6 12 18 24

Months of GFD

Di Niro et al., Mucosal Immunol, 2016



B-cell activation

* Antigen binding - BCR signaling. S —
marginal zone

* Antigen uptake - interaction with e
cognate CD4+ T cells. .

 Proliferation, differentiation to
memory cells and plasma cells
(antibody production).

Antigen )’4
Q, O h 20
o Antigen- g .\p Plasma cell
stimulated : Perifollicular
B cell N B cells /3
Q) cD11c"
cD4* T cell dendritic cell
T cell zone Interfollicular zone

or bridging channel
MHC class Il

Antigen presentation

14




What Is the role of TG2-specific B cells / antibodies?

* Soluble TG2-specific antibodies do not have a clear pathogenic effect.
* B cells with TG2-specific BCR can present antigen to gluten-specific T cells.

* TG2-specific B cells main antingen-presenting cell for gluten-specific CD4+ T cells.

DQ2.5-glia-a02 DQ2.5-glia-o 2
Gluten peptide 8000 4 < TG2-specific 1000 -
1GZ2— '/ﬂ_ 2% Non-TG2-specific
«—B cell receptor <, 6000 - 800+
= 600 -
2 4000 -
~ 400-
2
= 2000 -
2001
Tcell MHC ;
Gluten- receptor class|l TG2Z- 0+ 0-
specific specific 0.001 0.01 0.1 1 0.001  0.01 0.1 1
CD4+ T EE” B CE” L}'SEITE dilution

Iversen, Amundsen et al., Gastroenterology, 2020



Co-stimulation

Homing and trafficking

A
7 N

a 047  CCR5

PD1 @ N

Not expressed on
gluten-specific CD4* T cells

T-cell phenotype

Y
Activation and memory

Characterization by mass cytometry and
single-cell RNA sequencing.

Surface markers indicating activation and
gut-homing.

Secretion of B-helper cytokines IL-21 and
CXCL13.

Similar to previously described “T peripheral
helper cells” (Tph).



ldentifying TG2-specific B cells in blood

IgA+ B cells
Before enrichment After enrichment
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* Present in untreated patients.

TG2-specific IgA+ B cells

* Negative for the classical memory marker CD27.
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B-cell phenotype — flow cytometry

* Surface markers indicating activated, gut homing memory B cells / plasmablasts.

* Activated cells disappear rapidly on gluten-free diet.

Il

A I1gA+Bcells

CD20 CD21 CD24 CD27 CD38 CXCR5 Integrin B7
[0 TG2-specific  [] Other
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Single-cell RNAseq

 Two main clusters: memory B cells and plasmablasts.

 (CD27 negative, activation, gut-homing.

Specificity Patient

UMAP2
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V(D)J sequences

* Clonal overlap between TG2-specific cells in blood and gut (same ancestral B cells).

e Cellsin blood are precursors of gut plasma cells.

CD2103 CD2103 CD2103
HV5-51:KV1-5 HV1-69:KV3-25 HV1-18:KV1-9
M Germline CD2083
O Inferred ‘ . ‘ HV4-4:KV1-39
0 2 0
O 1gA1 () . CD2083

> 4 O . HV3-23(D):KV1-12

16
’ L
«, ® o
() Bload 3N CD2103 ‘ @ O
HV1 69 KV2-30 8

S Short-lived PC , O 3, @

Intermediate- 1
@ @O® POV
10 31
Op®

0@ O

0 IgA2

B  Memory B cell
PB Plasmablast

0‘9‘”@



BCR mutations

Blood Gut
0.075 - ; - * TG2-specific cells have fewer mutations

%) o il than other B cells/plasma cells.
C <
S 0.050 - S
= I ° . . .
2 0025] _o —. = SHM mainly happens in germinal centers.
% > * CD27 is expressed in germinal centers.
UC) 0.075- C.  Lack of CD27 and SHM could indicate
% 0.050 - , il § extrafollicular origin.

- 2 - x4
= 0.025{ o g = * Supported by phenotype of gluten-specific

" . T cells (Tph).

TG2 Other  TG2 Other



A model for celiac disease pathogenesis

%/ Native gluten peptide
< V¥ Deamidated gluten peptide

Gluten-specific
B cell

® 1-5
D

MHC |1

< w
BCR

Gluten-specific

T Plasma cell TG2-specific
B cell CD4+ T cell

MLN

Effector T cell



Could BCR and TCR be disease susceptibility genes?

IGKV1-5 mutation K56D

Preference for certain V-genes observed for: -5 200 fold reduction in affinity

* TG2-specific B cells/plasma cells

* DGP-specific plasma cells

* Gluten-specific T cells

Most common heavy/light chain
combination for TG2-specific
cells: IGHV5-51:IGKV1-5

Chen et al., J Biol Chem, 2015



Genetic diversity in BCR and TCR genes

Bigger diversity than previously
appreciated

Both in coding and non-coding
regions

Can affect repertoire composition

Implications for precursor
frequencies

BCR and TCR regions not covered in
GWAS

| V(D)

Repertoire L e
features recombination ™.
and transcription ™.
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Watson et al., Genes Immun, 2024



Conclusions

HLA dominates genetic predisposition for celiac disease

Both HLA and non-HLA genes point to T-cell activation as key pathogenic event

B cells likely act as main antigen-presenting cells for gluten-specific T cells

TG2-specific B cells internalize enzyme-substrate complexes of TG2 and gluten

Directly links antigen uptake and deamidation

Phenotype of both T cells and B cells suggests extrafollicular interactions at
induction sites

Importance of TCR and BCR specificity implicates them as potential susceptibility
genes
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