
How much gluten is too much?

Revisiting the safe gluten threshold 
in coeliac disease

A/Prof  Jason Tye-Din 

MBBS, FRACP, PhD, AGAF

Head, Coeliac Disease Research Lab, Walter and Eliza Hall Institute

Gastroenterologist, The Royal Melbourne Hospital

Principal Research Fellow, The University of  Melbourne 

21st May 2025



Disclosure Information

• I have the following relevant financial relationships to disclose:

– Consultant for: Anatara, Anokion, Barinthus, Codexis, Chugai, Dr Falk, EVOQ 

Therapeutics, Equillium, Forte Biosciences, IM Therapeutics, Janssen, Mozart 

Therapeutics, Takeda, TEVA, Tillotts and Topas

– Grant/Research Support from: Barinthus, Codexis, Chugai, DBV, Immunic, Kallyope, 

Novoviah, NHMRC, Tillotts and Topas

– Patents relating to the use of  gluten peptides in coeliac disease diagnosis and treatment

2



Dietary gluten 
• Wheat, rye, barley

HLA-DQ2 and DQ8

Environmental factors

Created with BioRender.com

Celiac disease is common and causes widespread health effects

• Global prevalence 1.4% (0.5-3%)

• 50-80% remain undiagnosed

• In Asia, >30% increase in wheat 

consumption in past 10 years will likely 

drive increasing prevalence

Stahl, Lancet Child Adolesc Health 2024; Singh, CGH 2018



Dietary gluten 
• Wheat, rye, barley

HLA-DQ2 and DQ8

Environmental factors

• Coeliac antibodies
– Transglutaminase-IgA (TGA)

– Deamidated gliadin peptide-IgG (DGP)

• Small intestinal damage

• Villous atrophy

• Crypt hyperplasia

• Intraepithelial 

lymphocytosis

Created with BioRender.com

Diagnosis based on antibodies and changes of chronic gut damage



Dietary gluten 
• Wheat, rye, barley

HLA-DQ2 and DQ8

Environmental factors

Created with BioRender.com

Health effects different to acute hypersensitivity responses in food allergy

The cause

• Gluten triggers pro-

inflammatory gluten-

specific CD4+ T cells

• Symptoms & health effects

Compared to food allergy…
• Not all patients are symptomatic

• Symptoms are a poor guide to gut 

damage

Adams et al, Gastroenterology 2024



Goals of  coeliac disease treatment

Tye-Din, APT 2022; Lebwohl, J Clin Endo Metab 2014; Lebwohl, Ann Internal Med 2013; Rubio-Tapia, Am J Gastro 2010; Lebwohl, APT 2013

An optimal gluten free is dependent on:

➔ Adequate exclusion of  dietary gluten (ie. safe threshold)

➔ Adequate access to GF food (cost, availability)

➔ Medical follow-up to ensure it is working



The challenge of  defining a safe threshold for gluten

• Only a single randomised double-blind placebo controlled feeding (RDBPCFC) study

• 3 study groups: 

• 50 mg gluten/d (n = 13)

• 10 mg gluten/d (n = 13) 

• placebo (n = 13) 

 

• A significant difference in villous height:crypt depth (Vh:Cd) was 

observed between the placebo and the 50 mg groups (p = 0.029)

• Conclusion: The ingestion of  contaminating gluten should be kept 

< 50mg/d in the treatment of  CD

Catassi et al, Am J Clin Nutr 2007

• Meta-analyses: insufficient data to define a safe level (Akobeng, APT 

2006; Cochrane Review 2016)

• RDBPCFC studies are expensive and logistically challenging

→ Is there a better/easier way?



A novel approach to detect the gluten-specific T cell

• Striking cytokine elevation in coeliac patients after injection of  gluten peptides (Goel et al, Lancet Gastro Hep 2017; Tye-Din 

et al, Lancet Gastro Hep 2023)

• After single-dose ORAL gluten challenge, similar significant increase in cytokines in blood 2-4 hours later, 

dominated by interleukin-2 (Goel, Science Advances 2019; Zuhlke, UEGJ 2019; Cartee, Am J Gastro 2022 )

• Earliest, most sensitive marker of  gluten exposure compared to histology, ELISpot etc (Leonard, Gastroenterology 2021)

• IL-2 is a marker of  gluten-specific T cell activation as it is produced by T cells stimulated by gluten

Ultrasensitive cytokine evaluation 

Peak symptom

severity

• 295 adults with coeliac disease had open-label 

gluten challenge (10 g vital wheat gluten)

• Peak symptom severity at 3 h; nausea and 

vomiting hallmarks of  more severe reactions

Tye-Din et al, BMC Med 2020

• IL-2 elevation after gluten is a biomarker for gluten-induced symptoms



IL-2 elevation after gluten is sensitive and specific for coeliac disease

Moscatelli et al, Gastroenterology 2025 (in press)

• 97% sensitivity

• 100% specificity for CeD

• AUC=0·96, p<0·0001, 95% 

confidence interval (CI) 0·9–1·0



Potential role as a diagnostic test for coeliac disease

Tye-Din et al, Aliment Pharmacol Ther 2019 Tye-Din et al, United European Gastro J 2019



From Leonard & Silvester et al, Gastroenterology 2021• Interleukin-2 (IL-2) response consistently 

measurable with low-dose gluten challenge 

• Potential as an immune endpoint and 

symptom biomarker
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Evaluating Responses to Gluten Challenge:
A Randomized, Double-Blind, 2-Dose Gluten Challenge Trial



Acute cytokine response to gluten correlates with symptoms  

Adams et al, Gastroenterology 2024



Adams et al, Gastroenterology 2024

Towards a mechanistic understanding of  symptoms



A double-blind, placebo-controlled, adaptive dose-response study to 

assess the acute effects of  gluten in adults with treated coeliac disease

Gluten Threshold Study

• James Daveson and team at Wesley Medical Research (QLD) 

• Michelle Colgrave and team (ECU) 

• Jason Tye-Din and team at WEHI

• Bob Anderson (QLD)



V2V1 - screening V3 V4

Stool GIPs

Adaptive dose-response study 
Cohort 1 (n=6)

V5

One Month One Month

1000mg

Urinary GIPs

Urinary GIPs

1000mg 1000mg

Serum IL-2  at 0, 2, 4, 6 hours                                                      Serum IL-2  at 0, 2, 4, 6 hours            Serum IL-2  at 0, 2, 4, 6 hours

Hourly PRO                                   Hourly PRO    Hourly PROCD Serology



V2V1 - screening V3 V4

Stool GIPs

Cohorts 2-4 (n=15 each cohort)

V5

One Month One Month

610mg, 90mg, 13mg or Placebo
8mg, 5mg, 3mg or Placebo
3mg, 2mg, 1mg or Placebo

Urinary GIPs

Urinary GIPs

CD Serology Hourly PRO                                   Hourly PRO    Hourly PRO

610mg, 90mg, 13mg or Placebo
8mg, 5mg, 3mg or Placebo
3mg, 2mg, 1mg or Placebo

610mg, 90mg, 13mg or Placebo
8mg, 5mg, 3mg or Placebo
3mg, 2mg, 1mg or Placebo



Randomised dosing plan

1,ooomg 610mg 90mg 13mg 8mg 5mg 3mg 2mg 1mg Placebo

• Total of  51 participants (153 individual doses)

• 73 different dosing variations allowing for investigation of  roll over effect

V2  V3  V4  V2  V3  V4  V2  V3  V4  V2  V3  V4 
C12  1000  1000  1000  C20  13  0  90  C35  0  8  5  C51  1  0  2 
C13  1000  1000  1000  C21  13  90  610  C36  3  5  8  C52  2  1  3 
C16  1000  1000  1000  C22  610  0  13  C37  8  5  0  C53  1  0  3 
C17  1000  1000  1000  C23  610  13  90  C38  5  8  3  C54  0  1  3 
C18  1000  1000  1000  C24  13  610  90  C39  5  3  8  C55  2  1  3 
C19  1000  1000  1000  C25  13  610  90  C40  8  0  3  C56  0  2  3 

C26  13  0  90  C41  3  5  0  C57  3  0  2 
C27  0  90  610  C42  0  8  3  C58  3  0  2 
C28  90  610  13  C44  5  3  8  C59  2  3  1 
C29  90  0  610  C45  8  5  3  C60  2  1  3 
C30  610  0  13  C46  8  3  0  C61  3  2  1 
C31  90  0  610  C47  0  5  8  C62  1  0  3 
C32  13  610  0  C48  3  0  5  C63  0  2  1 
C33  90  13  13  C49  3  5  0  C64  2  1  3 
C34  13  90  610  C50  5  8  3  C65  0  2  1 

Cohort 1 Cohort 2 Cohort 3 Cohort 4



Demographics
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Years Females Males

# participants 37 14

% participants 68.9 31.1

Median Age 53.09 51.26 56.80

1st Q 43.85 43.37 51.31

2nd Q 53.09 51.26 56.80

3rd Q 64.73 64.20 68.53

IQR 20.88 20.83 17.22

Minimum 28.65 28.65 40.41

Maximum 73.20 72.66 73.20

Range 44.55 44.01 32.79

Total

HLA-DQ2.2 14/51 12/37 3/14

HLA-DQ2.5 42/51 29/37 11/14

HLA-DQ8 12/51 7/37 4/14

• Shaded portion = years since diagnosis
• F:M= 2.2:1



Coeliac Disease Patient Reported Outcome Measures

Celiac Disease Symptom Diary (CDSD)Celiac Disease Patient Reported  Outcome Measures

Tir
ed

ne
ss

H
ea

da
ch

e

A
bd

om
in

al
 C

ra
m

pi
ng

A
bd

om
in

al
 P

ai
n

B
lo

at
in

g

C
on

st
ip

at
io

n

D
ia

rr
ho

ea

Fla
tu

le
nc

e

Loo
se

 S
to

ol

N
au

se
a

V
om

iti
ng

0 1 2 3 4 5 6 7 8 9 10

CeD PRO

1mg

Placebo

2mg

5mg

8mg

13mg

90mg

610mg

1000mg

3mg

1mg

Placebo

2mg

5mg

8mg

13mg

90mg

610mg

1000mg

3mg

• No observed difference in symptoms between placebo and lower doses of  gluten exposure



Log2 positive fold change:  
1.89362 (dotted line)
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Cohort 1: Combined IL-2 response at 2, 4 & 6 hours
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Log2 positive fold change:  
1.89362 (dotted line)

Cohorts 1 & 2: Combined IL-2 response at 2, 4 & 6 hours
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Combined cohorts 1-4 (all) IL-2 at 4 hours

“Log2 +ve” fold change

VWG Dose 
(mg)

# 
participants

+ve 
responders % responders

1000 18 12 67%
610 12 10 83%
90 12 4 33%
13 12 3 25%
8 12 3 25%
5 12 0 0.0
3 24 4 17%
2 12 0 0.0
1 12 0 0.0
0 26 0 0.0

1000 610 90 13 8 5 3 2 1 0
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Lowest observed dose to result in IL-2 release – 3mg 

Highest dose with no IL-2 release – 2mg

Combined cohorts 1-4 (all) IL-2 at 4 hours
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Towards an ED05 for gluten
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Gluten Safety & Standards Committee



Implications of  our novel cytokine release platform

Clinical trials
Immune 

diagnostic

Research Tool

Evaluation of  other diseases e.g. 

• Type 1 diabetes (Lacorcia et al, Science Transl Med 2025)

& other autoimmune disease

• Cancer

• COVID-19 & other infections

• Transplantation immunology

• Food allergy (IgE and non-IgE)

→ Food challenge platform 

• Study underway



Children with FPIES show similar acute 

cytokine responses after offending food challenge

Berin et al, JACI 2021

FPIES

(n=11)

Outgrown 

(n=12)

• FPIES children aged 

1.5-16 years

• Oral food challenge 

(milk, rice, wheat, 

fish, prawn)
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