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• Gluten intolerance
– the broadest term for all aspects of adverse reactions to gluten

– Coeliac disease
• a small intestinal enteropathy, usually also typical serology (IgA-tissue transglutaminase)

– Wheat allergy a rapid, allergic response

– Non-coeliac gluten sensitivity (NCGS)
• clinically quite like coeliac disease, but without enteropathy or serology

Ludvigsson et al, Gut 2012



HLA-DQ2-gliadin tetramers 
and diagnosis

T cells recognize 
HLA-DQ2/DQ8-bound gluten peptides

Modified gluten peptides bound to      
HLA-DQ2 in  antigen presenting cells 

Tetramer construct 
for detection of 

gluten specific T cells

Sollid/Lundin, Mucosal Immunology 2009, modified



a2-gliadin (AJ133612)
1 MVRVPVPQLQ PQNPSQQQPQ EQVPLVQQQQ FPGQQQPFPP QQPYPQPQPF PSQQPYLQLQ
61 PFPQPQLPYP QPQLPYPQPQ LPYPQPQPFR PQQPYPQSQP QYSQPQQPIS QQQQQQQQQQ
121 QQKQQQQQQQ QILQQILQQQ LIPCRDVVLQ QHSIAYGSSQ VLQQSTYQLV QQLCCQQLWQ
181 IPEQSRCQAI HNVVHAIILH QQQQQQQQQQ QQPLSQVSFQ QPQQQYPSGQ GSFQPSQQNP
241 QAQGSVQPQQ LPQFEEIRNL ALETLPAMCN VYIPPYCTIA PVGIFGTNYR

LQLQ
61 PFPQPQLPYP QPQLPYPQPQ LPYPQPQPF

digestive enzymes
Transglutaminase (QXP)

LQLQ

61 PFPQPELPYP QPELPYPQPE LPYPQPQPF

after transglutaminase treatment

peptide (33 amino acids)

Generation of T-cell epitopes in the gut

PFPQPELPY
PQPELPYP Q

PYP QPELPY  
P QPELPYPQ

PYPQPE LPY

PQPE LPYPQ

6 copies of  

T cell epitopes

Shan et al, Science 2002; Arentz-Hansen et al, Gastroenterology 2002



DQ2.5

DQ8

HLA-DQ2.5 and HLA-DQ8 restricted gluten T-cell epitopes 



Genetic and clinical overlap

Lundin and Wijmenga 2015 Nature Reviews



Coeliac disease

• An adaptive immunology, T cell mediated 
disease dependent on gluten intake

• Strongly associated to HLA-DQ2 and –DQ8

• Very much is understood

– Restricted T cell receptor usage, long-lived T cells!

– Restricted B cell receptor usage

– Well defined gluten peptides

• But little is known why this develops!



Experimental diagnosis of CD

Flow cytometry based



Sarna et al. Gut 2017

Differentiation of 

Tnaïve , TEM , TCM

cells

Exclusion of 

monocytes, 

macrophages, 

granulocytes, NK 

cells, B cells, 

dendritic cells

Sarna et al. Gastroenterologen 2015

Flow cytometry



Gut 2017



Experimental read-out of gluten challenge

Sarna et al 2017



UCD Untreated

celiac disease

TCD Treated

celiac disease



A blood test to sort out coeliac 
disease without gluten exposure!

Sarna et al 2018 Gastroenterology

Tetramer construct 
for detection of 

gluten specific T cells



Then what about ‘non-celiac 
gluten sensitivity?’



Opposing views
• NCGS is caused by a 

specific, innate immune  
reaction to proteins in 
“gluten”

• NCGS is caused by a reaction 
to “fermentable oligo-, di-, 
monocarbohydrates and 
polyols” (FODMAP)

• Fructan is one of several 
FODMAPS

• Bread is rich in fructan



NCGS – why bother?

• NCGS aka as 

– NCWS (Non-coeliac wheat sensitivity)

– PWAG (People who avoid gluten)

• Mostly self instituted gluten free diet 

• These people come to the health care

– Do I have coeliac disease?

– Do I have to stay on a gluten free diet? (they
mostly answer themselves)

– Can I have reimbursement?  



Oslo work on NCGS – PhD Margit Brottveit

• Coeliac disease rare among NCGS “individuals”
from general population
– 130 responders, 35 were DQ2+, 3 with CD 

• Gastroscopy and “HLA-DQ2:gliadin peptide tetramer test”
– Brottveit et al Am J Gastro 2011

• No signs of psychosomatic disorder
– Three days challenge with bread

– Brottveit et al Scand J Gastro 2012

• NCGS intestines with signs of immune activation 
– Increased levels of IEL, activation of IFN-g after bread 

challenge
– Brottveit et al Am J Gastro 2013  



Open challenge with regular bread

(gluten and FODMAP)



Challenge – the placebo problem
• Supply all food?
• Traditional placebo

– Capsules flour or placebo
– Research tool

• Lundin and Alaedini 2012
• Catassi et al 2016

• Quinoa based müsli bars with 
and without “clean” gluten 
and FODMAP

Pic of gluten bar





Individual courses



Increase in Plasma Interleukin(IL)-2, IL-8, and IL-10 from 2 to 6 Hours on Oral Gluten Challenge Differentiates Between 

Celiac Disease (CeD) and Non-Celiac Gluten Sensitivity (NCGS) in Patients on Gluten-Free Diet (GFD) 

Vikas K. Sarna1, Gry I. Skodje1, Suyue Wang2, Leslie J. Williams2, John L. Dzuris2, Ludvig M. Sollid1, Knut E.A. Lundin1, Robert P. Anderson2

1K.G. Jebsen Coeliac Disease Research Centre, University of Oslo, Norway   2ImmusanT, Inc., Cambridge, MA USA 

Introduction and Background Method / Study Design

ROC : Area Under the Curve (AUC)

Median Plasma Cytokines in CeD and NCGS

Plasma Cytokines  Fold Change from Baseline and Acute Symptoms

Stored plasma collected by Sarna et al (Gut 2017) from 20 CeD volunteers up to 6 

hours after gluten ingestion on the first day of a 14-day gluten challenge were 

assessed. Detailed clinical, genetic and immunological data were available 

including gastrointestinal symptoms, HLA-DQ genotype, and the baseline 

frequency of gluten-specific effector memory CD4+ T cells in blood measured by 

flow cytometry using HLA-DQ2.5 and DQ8 gluten tetramers. 

Stored plasma collected by Skodje et al (manuscript submitted) from 57 

volunteers conforming to a diagnosis of NCGS according to Sapone et al (BMC 

Medicine 2012) collected up to 6 hours after gluten ingestion on the first day of a 

7-day double-blind, placebo-controlled crossover gluten challenge were also 

assessed. Gluten challenge utilized muesli bars identical to those used by Sarna et 

al (Gut 2017). Detailed clinical, and genetic data were available including 

gastrointestinal symptoms, and HLA-DQ genotype.

Concentrations of IL-2, IL-8 and IL-10 were measured by MSD V-plex

electrochemiluminescence assays in thawed plasma from blood collected before, 

and at 2, 4, and 6 hours after ingestion of meusli bars containing 5.7 g gluten.

Objective

B. Celiac on GFD

CeD vs NCGS Plasma Cytokine 2 to 6 Hours after Gluten

Summary of Plasma Cytokines:

Fold change of IL-2>IL-8> IL-10

Fold change of IL-2, IL-8 and IL-10 in CeD >>> NCGS groups

-Fold change starting time IL-2>IL-8>IL-10

IL-2 increase correlates with IL-8 and IL-10 increase but is more sensitive. 

A. NCGS on GFD AUC of IL-2 vs Tetramer Baseline in CeD 

IL-2 IL-8 IL-10 IL-2 IL-8 IL-10 IL-2 IL-8 IL-10

NCGS-60 DQ8/X 2.0 0.8 1.1 2.9 0.6 0.9 1.7 1.2 0.9

NCGS-44 DQX/X 1.0 0.9 1.0 2.9 0.8 0.9 1.5 0.6 0.7

NCGS-15 DQX/X 1.0 0.8 0.9 2.2 0.9 1.3 2.9 1.0 1.2

NCGS-18 DQ8/X 1.0 1.2 1.2 1.9 1.0 1.0 2.5 1.3 0.8

NCGS-52 DQ2.5/X 1.3 0.9 1.1 1.8 0.8 1.0 1.4 1.0 1.0

NCGS-61 DQ2.5/X 0.8 1.0 1.0 2.0 1.3 1.0 1.4 1.2 0.9

NCGS-34 DQX/X 2.1 1.0 0.8 1.4 1.1 0.9 1.0 0.9 0.9

NCGS-02 DQ2.5/X 1.8 0.8 0.8 1.2 0.6 0.9 1.7 0.8 0.9

NCGS-07 DQX/X 1.0 1.0 1.0 1.9 0.8 0.4 1.0 0.9 0.3

NCGS-17 DQ8/X 1.9 0.8 1.0 1.3 0.8 0.9 1.1 1.2 0.9

NCGS-48 DQX/X 1.3 1.0 1.0 1.2 1.1 1.2 1.8 1.2 1.1

NCGS-35 DQ2.5/X 1.0 0.9 0.9 1.0 1.0 1.0 2.1 1.0 1.0

NCGS-04 DQ2.5/X 1.0 1.3 0.9 1.4 1.2 0.9 1.0 1.3 0.9

NCGS-26 DQ2.5/X 1.1 1.2 1.0 1.0 1.0 1.0 1.5 0.9 0.7

NCGS-59 DQ8/X 1.5 1.3 0.9 1.0 1.0 0.8 1.0 0.6 0.8

NCGS-01 DQ2.5/X 1.1 1.1 0.4 1.1 1.0 0.4 1.2 0.8 0.3

NCGS-12 DQ8/X 1.0 0.8 1.2 1.0 0.8 0.9 1.3 0.9 0.8

NCGS-24 DQX/X 1.0 0.9 1.1 1.0 0.7 1.0 1.2 1.0 1.2

NCGS-37 DQX/X 1.0 0.9 1.2 1.1 0.9 0.4 1.0 0.9 0.5

NCGS-06 DQX/X 1.1 1.0 0.9 1.1 0.6 1.0 0.8 0.8 0.9

NCGS-09 DQ8/X 1.0 0.6 1.2 1.0 0.6 1.1 1.0 0.7 0.7

NCGS-11 DQ2.5/X 1.0 0.9 0.9 1.0 1.1 0.9 1.0 0.9 0.9

NCGS-13 DQX/X 1.0 1.5 1.3 1.0 1.4 1.1 1.0 0.9 1.0

NCGS-20 DQX/X 1.0 0.9 1.0 1.0 0.9 1.0 1.0 0.9 0.9

NCGS-21 DQ8/X 1.0 0.9 1.5 1.0 0.9 1.9 1.0 1.0 0.9

NCGS-23 DQ2.5/X 1.0 1.7 1.4 1.0 1.1 1.1 1.0 2.5 0.9

NCGS-33 DQ2.5/X 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.8 1.0

NCGS-39 DQX/X 1.0 1.2 0.6 1.0 1.1 0.6 1.0 1.3 0.6

NCGS-40 DQ2.5/X 1.0 0.7 0.3 1.0 0.7 0.3 1.0 0.6 0.3

NCGS-41 DQ2.5/X 1.0 0.0 1.2 1.0 0.1 1.0 1.0 0.2 0.6

NCGS-42 DQX/X 1.0 1.2 0.8 1.0 1.1 1.0 1.0 1.1 0.8

NCGS-46 DQX/X 1.0 0.8 0.9 1.0 0.9 0.5 1.0 0.6 0.5

NCGS-47 DQX/X 1.0 0.7 1.0 1.0 0.6 0.9 1.0 0.8 0.9

NCGS-53 DQ2.5/X 1.0 1.6 0.9 1.0 1.5 1.5 1.0 1.5 0.9

NCGS-16 DQX/X 0.9 0.9 0.6 0.9 1.0 0.3 1.1 1.1 0.7

NCGS-29 DQ2.5/X 1.0 0.9 0.9 1.0 1.0 0.9 1.0 0.8 0.8

NCGS-50 DQX/X 1.1 1.2 1.3 1.0 1.0 1.1 0.8 1.1 1.0

NCGS-56 DQX/X 1.0 0.8 1.1 1.0 0.6 0.8 0.8 1.0 0.6

NCGS-63 DQX/X 0.6 1.2 1.2 0.8 1.1 1.3 1.3 1.1 1.3

NCGS-49 DQ2.5/X 0.9 0.7 0.9 0.9 0.9 0.9 0.9 1.0 0.7

NCGS-27 DQ2.5/X 0.6 1.0 1.0 0.9 0.8 0.8 1.1 0.9 0.8

NCGS-08 DQX/X 0.8 0.7 0.9 0.8 0.8 0.8 0.8 0.9 0.9

NCGS-14 DQ8/X 1.0 1.0 0.9 0.7 1.0 1.0 0.7 1.0 0.7

NCGS-28 DQX/X 0.8 1.1 0.6 0.8 1.2 0.5 0.6 1.5 0.5

NCGS-43 DQX/X 0.7 0.7 1.1 0.8 0.8 1.3 0.5 0.6 1.2

NCGS-22 DQX/X 0.6 1.0 0.7 0.8 1.1 0.6 0.6 1.1 0.6

NCGS-66 DQX/X 0.6 1.0 0.9 0.6 0.7 0.8 0.6 0.9 0.9

NCGS-19 DQ2.5/X 0.6 0.6 1.0 0.6 0.9 0.8 0.6 0.9 0.7

NCGS-30 DQX/X 0.6 0.8 1.0 0.5 0.7 0.8 0.7 0.8 0.7

HLA-

genotype
Subject

2 hr 4 hr 6 hr

To evaluate IL-2, IL-8 and IL-10 in plasma after gluten ingestion in CeD and 

NCGS subjects on GFD using highly sensitive assays. 

Conclusions

IL-2 and Tetramer Staining

Gluten Induced Cytokine Change Over 6 Hours

800 CD442 DQ2.5/DQ2.5 827.1 46.8

600 CD1300 DQ2.5/X 295.8 12.1

500 CD1295 DQ2.5/X 142.5 49.5

400 CD1353 DQ2.5/X 56.76 10.7

200 CD1340 DQ2.5/DQ2.5 51.08 2.2

100 CD1303 DQ2.5/X 29.04 5.6

50 CD1378 DQ2.5/X 28.06 23.5

20 CD1351 DQ2.5/X 27.81 2.4

15 CD1178 DQ2.5/DQ8 14.35 3.1

10 CD1296 DQ2.5/X 12.49 1.4

8 CD1339 DQ2.5/DQ2.2 9.35 3.3

6 CD1342 DQ2.5/X 7.49 1.6

4 CD1299 DQ2.5/X 6.54 5.0

2 CD1298 DQ2.5/X 5.78 1.4

1 CD1284 DQ2.5/X 4.02 5.2

0 CD1366 DQ2.5/X 4 0.0

Subject
HLA-

genotype
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CeD DQ2.5 positive 

CD1343 DQ8/DQ2.2 1272 6.9

CD1302 DQ8/8 79.65 3.0

CD1294 DQ8/DQ7 5.79 0.1

Subject
HLA-

genotype
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CeD DQ2.5 negative

2 hr 4 hr 6 hr

IL-2 IL-8 IL-10 IL-2 IL-8 IL-10 IL-2 IL-8 IL-10 2 hr 4 hr 6 hr

800 CD1343 DQ8/DQ2.2 10.1 1.5 1.0 330.5 4.5 1.3 601.2 13.1 1.3 9.0 6.0 19.0 100

600 CD442 DQ2.5/DQ2.5 1.4 0.9 1.1 344.4 15.6 19.2 136.9 16.3 41.2 1.0 75.0 88.0 80

500 CD1300 DQ2.5/X 15.5 0.7 1.0 76.0 3.2 1.1 128.4 3.0 1.5 8.0 10.0 21.0 60

400 CD1295 DQ2.5/X 18.3 2.9 1.2 49.9 27.4 3.6 24.4 7.1 2.0 15.0 12.0 50

200 CD1302 DQ8/8 1.0 1.2 1.0 28.6 6.6 1.1 21.4 3.5 1.4 4.0 26.0 10.0 40

100 CD1353 DQ2.5/X 0.5 0.8 1.0 22.5 1.5 1.0 11.2 1.8 1.0 0.0 33.0 18.0 30

50 CD1340 DQ2.5/DQ2.5 1.7 0.9 0.8 16.8 1.9 4.7 15.7 2.3 3.1 9.0 9.0 10.0 25

20 CD1303 DQ2.5/X 1.0 0.9 1.0 10.0 1.1 1.2 8.0 2.4 1.3 0.0 0.0 0.0 >20

15 CD1378 DQ2.5/X 1.7 1.1 1.0 11.4 4.9 1.2 3.5 2.4 1.6 22.0 33.0 25.0 15

>10 CD1351 DQ2.5/X 1.2 1.1 1.0 11.3 3.5 1.4 4.1 1.5 1.3 3.0 7.0 3.0 10

8 CD1178 DQ2.5/DQ8 3.6 0.6 0.9 3.6 0.8 1.6 3.6 1.0 1.0 6.0 8.0 20.0 8

6 CD1296 DQ2.5/X 1.0 1.5 0.9 4.7 2.4 2.9 2.1 1.6 1.6 8.0 11.0 8.0 6

4 CD1339 DQ2.5/DQ2.2 1.0 0.7 0.9 3.2 1.1 1.6 1.9 0.9 1.4 0.0 2.0 6.0 4

2 CD1342 DQ2.5/X 0.9 1.0 0.3 2.4 1.1 0.3 1.8 1.1 0.3 6.0 2.0 2

1 CD1299 DQ2.5/X 3.7 1.6 1.0 0.6 0.3 1.0 1.7 0.7 1.1 2.0 3.0 1.0 1

0.5 CD1294 DQ8/DQ7 1.5 1.0 1.2 1.7 1.5 1.2 1.0 1.4 1.1 10.0 7.0 8.0 0

0.2 CD1298 DQ2.5/X 1.2 1.0 1.0 1.6 1.1 0.9 1.3 2.4 1.0 0.0 0.0

0.1 CD1284 DQ2.5/X 1.0 1.1 1.1 1.0 1.2 1.1 1.0 1.2 1.1 0.0 0.0 0.0

0 CD1366 DQ2.5/X 1.0 1.0 1.0 1.0 1.2 0.8 1.0 1.1 0.9 3.0 3.0 4.0
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Symptom (VAS)

• Using various biomarkers often including  IL-8, in vitro activation of 

innate immune cells incubated with gluten peptides, gliadin digests, and 

by amylase-trypsin inhibitors has been interpreted as supporting direct 

effects of gluten on innate immunity and as an explanation for early 

symptoms after gluten ingestion in CeD and in NCGS (Ciccocioppo & 

Corrazza. Clin Exp Immunol 2005; Lammers et al., Immunology 2010; 

Junker et al., J Exp Med 2012)

• We recently reported the effects of consuming one muesli bar containing 

5.7 g gluten daily for two weeks in a cohort of 20 CeD volunteers on 

GFD (Sarna et al., Gut 2017). Plasma collected before, and at 2, 4, and 6 

hours after gluten ingestion on the first day was assessed with a 27plex 

cytokine assay. Significantly elevated levels of IL-8, IP-10 and eotaxin

were found at 6 hours. Peak median fold changes from pre-gluten were 

1.6, 1.6 and 1.4 respectively. Plasma IL-2 and IL-10 were below detection 

levels.

• Recently, we reported that a highly sensitive electro-chemiluminescence 

assay reveals substantial increases in low but quantifiable plasma levels of 

IL-2, IL-8, and IL-10 two to six hours after bolus gluten ingestion in 

volunteers on GFD if they have CeD but not in non-CeD controls (Tye-

Din JA et al., Gastroenterology 2017; 152: S114.)

• IL-2 is a cytokine preferentially secreted by activated T cells. IL-8 and IL-

10 are secreted by T cells, but are non-specific markers of immune 

activation. 

Based on current knowledge, gluten-induced elevation in plasma IL-2 as 

a marker of T cell activation would differentiate between CeD and 

NCGS, but gluten-induced elevation in plasma IL-8 and possibly IL-10 

as markers of innate immune activation would be associated with both 

CeD and NCGS

• Patients with CeD on GFD elevate plasma IL-2 as well as IL-8 and IL-10 within 6 hours after gluten ingestion

• Patients with NCGS on GFD do not elevate plasma IL-2 or IL-8 or  IL-10 after gluten ingestion

• IL-2 is elevated in CeD patients from two hours and peaks at four hours, which is earlier than IL-8 and IL-10.

• IL-2 elevations from 2 to 6 hours after gluten are correlated with the baseline frequency of gluten-specific CD4+ T cells in 

HLA-DQ2.5+ CeD.

• IL-2 assessment after gluten ingestion has the potential to differentiate between CeD and NCGS

Consume muesli bar containing 
5.7 g gluten

Gastrointestinal symptoms recorded by the Gastrointestinal 
Symptom Rating Scale (GSRS-IBS) or Visual Analogue Scale (VAS)

Blood plasma collected prior to gluten challenge,
and then 2, 4 and 6 hours after challenge

Blood plasma IL-2, -8, and -10 were measured by MSD V-Plex 
electrochemiluminescence assays 

Study 1. CeD Subjects on Gluten Free Diet Study 2. NCGS Subjects on Gluten Free Diet

Frequency of gluten-specific T cells determined 
by HLA-DQ:gluten tetramers in Flow Cytometry
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Cytokines after 4 h in CD 
and NCGS – ICDS 2017
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2 hr 4 hr 6 hr 2 hr 4 hr 6 hr 2 hr 4 hr 6 hr

Median for CeD 1.2 10.0 3.6 1.0 1.5 1.8 1.0 1.2 1.3

IQR (25-75)
(1.00-

2.65)

(0.85-

1.18)

(0.95-

1.025)

(2.02-

25.58)

(1.13-

3.98)

(1.06-

1.58)

(1.75-

18.56)

(1.17-

2.71)

(1.06-

1.54)

Median for NCGS 1.0 0.9 1.0 1.0 0.9 0.9 1.0 0.9 0.9

IQR (25-75)
(0.97-

1.00)

(0.81-

1.06)

(0.88-

1.09)

(0.96-

1.11)

(0.78-

1.05)

(0.79-

1.02)

(0.96-

1.18)

(0.84-

1.11)

(0.70-

0.92)

IL-2 IL-8 IL-10

3 x  *  p < 0 . 0 0 1

2 x  *  p < 0 . 0 1

1 x  *  p < 0 . 0 5

* * *

* * *

* *

*

4-hour test distinguishes CD and NCGS!



Wrap up

• 14 d gluten challenge in CD

– Symptoms, slow serological response, but 
mucosal response and immune response

– Efflux of IL-2, IL-8, IL-10 within 4 hours

• 7 d gluten challenge in NCGS

– None of the above

– Symptoms of FODMAP challenge

– (But the participants are still on a GFD…)

• Where did the innate response to gluten go?
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