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How to achieve innovation in nutritional 
immunology?

Biggest obstacle: 

-> limited understanding of how food is being 
‘sensed’ by (and can therefore influence) the 
immune system



• Well understood: sensing of threats to 
homeostasis: 

- microbial or cancerous,

- damage-associated, or 

- metabolic

• Poorly understood: sensing of pro-
homeostatic signals from the:

- diet

- environment

- ...

Dietary sensing

? ? ?

The immune system
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• Sensing through antigen- / metabolite-specific:

1. transcription factors (intracellular), or 

2. cell surface receptors

Dietary sensing Dietary metabolite

metabolite-specific
immune presentation 
and recognition

metabolite-specific
transcription factor 
activation



Created with BioRender.com

• Sensing through:

1. the Arylhydrocarbon receptor (AhR)

Dietary sensing Dietary metabolite

AhR

DNA

metabolite-specific
transcription factor 
activation



1. AhR
• Why?

- mediates toxicity of environmental pollutants which 
impact the HVN target population (China)

- integrates environmental, dietary, microbial (including 
probiotic products) and metabolic signals

- impacts a very large number of physiological 
processes (developmental, metabolic, immune, gastrointestinal, 
…)

- Food-bioactives: (poly)phenolic compounds
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1. AhR
• How?

- in vitro screening of dietary compounds with 
AhR reporter cell lines

- in vitro assessments of immunological impact 
using primary human blood cells (GI trafficking)

- Indigo naturalis dose escalation study (NZ-
INDES study)

- analysis of clinical samples from HVN-funded 
studies
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1. AhR
• How?

- in vitro screening of dietary compounds with 
AhR reporter cell lines

- in vitro assessments of immunological impact 
using primary human blood cells (GI trafficking)
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How does the acute ingestion of a known AhR agonist
Influence the peripheral immune system? 

Dose-dependent AhR activity

Changes in gene expression
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• Sensing through:

2. MHC-class 1 related molecule (MR1)

Dietary sensing Dietary metabolite

metabolite-specific
immune presentation 
and recognition



2. MR1

Dietary flavonoids

genistein luteolin

• Why?

- overlap between dietary metabolites binding 
AhR and MR1

- MR1 restricts the largest T cell subset in 
humans (mucosal associated invariant T – MAIT cells)

- MR1 immunobiology linked to gastrointestinal, 
metabolic, pulmonary, skin, liver health as well as 
antibacterial and antitumoral immunity.

- Food-bioactives: (poly)phenolic compounds 
(quinones, flavones, isoflavones) and likely others 
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2. MR1
• How?

- in vitro screening of dietary compounds with 
MAIT cell competition assay
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2. MR1
• How?

- in vitro screening of dietary compounds with 
MAIT cell competition assay

MAIT cell

APC

Dietary metabolite 5-OP-RU
(MAIT cell agonist)

O’Sullivan et al. unpublished
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Aligned project: CD1d
• Why?

- CD1d is, like MR1, a non-classical MHC 

molecule, but binds lipids

- CD1d is known to bind dietary lipids and 

thereby influence the immunological activity of NKT

cells

MAIT cell NKT cell

MR1 CD1d
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Aligned project: CD1d
• Why?

- CD1d is, like MR1, a non-classical MHC 

molecule, but binds lipids

- CD1d is known to bind dietary lipids and 

thereby influence the immunological activity of NKT

cells

Skim milk doesn’t work!!



• Well understood: sensing of threats to 
homeostasis: 

- microbial or cancerous,

- damage-associated, or 

- metabolic

• Poorly understood: sensing of pro-
homeostatic signals from the:

- diet

- environment

- ...

Dietary sensing

? ? ?

The immune system
dietary



3. Immunometabolism
• Why?

- has rapidly become an essential part of 
immunology but never applied to nutrition

- obvious relevance for immunophenotyping of 
dietary intervention samples

- impacts virtually every aspect of immune 
function

- Food bioactives: probably most …



3. Immunometabolism
• Why?

Basic concept: if the ingestion of a food can 
induce a metabolic shift in a cell, it can change 
immune function.



3. Immunometabolism
• How?

- metabolic flow cytometry

O’Sullivan et al.
NZASI 2022 poster

Ahl et al. Commun Biol. 2020
Hartmann et al. Nat Biotechnol. 2020
Levine et al. Immunity 2021
Artyomov et al. Cell Metab. 2020



3. Immunometabolism
• How?

- metabolic flow cytometry: acute changes upon ingestion of equicaloric foods with 
different glycemic index (preliminary data; Metabolic Health PRP sample) 

O’Sullivan et al.
unpublished

Glucose transporter Amino acid transporter



Summary

• Diet is fundamentally linked to human health via immune sensing. The underlying 
mechanisms are poorly understood

• The characterization of novel and specific interactions between immune receptors and 
dietary ligands can lead to innovation and is commercially valuable

• Compositional analyses of (your) products is very important (NZ-origin can be leveraged)

• Immune-phenotyping approaches are, and always will be, customized to the clinical 
outcome and the interventional product

• !! Receptors are not necessarily conserved across species (implications for preclinical 
models of disease)
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