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MAST CELL INTERACTIONS  
WITH NERVOUS SYSTEM

Degranulation of activated mast cells affects 
many conditions and can modulate physiological 
and pathological responses. Mast cells are 
mostly located around blood vessels and 
sensory nerves.1 They derive from myeloid 
lineage and reside in connective tissues.2  
Mast cells are granulocytes that have 
heterogenous phenotypes, and were  
originally named by Paul Ehrlich in 1879.3

The main role of mast cells as a part of the 
innate immune system lies within innate and 
adaptive immune responses, participating in  
the immune mechanisms, and protecting against 
viral and bacterial threats.1 Many conditions 
ranging from urticaria to anaphylaxis, as well  
as autoimmune conditions, have mast cells in  
the pathophysiology.3

Mast cells recognise injured tissues with 
the help of receptors in association with the 
epithelium and activate initial inflammatory 
responses.4 They play a role in tissue repair 
and angiogenesis, and are mainly responsible 
for antiparasitic immune responses through the 
mechanisms of vasodilation and activation of 
nervous system.5 

These responses are influenced by cytokines, as 
well as other humoral factors within the body.3 

In the barrier tissues mast cells release pro- and 
anti-inflammatory mediators that can either be 
preformed and kept in granules, or produced.6 
Mast cells can be activated via FcϵRI receptors 
bound to specific IgE molecules or with the 
help of toll-like receptors, IgG receptors, and 
receptors to components of complement.7

A range of medicators can stimulate sensory 
nerve receptors, including protease-activated 
receptor-2, histamine 1–4-receptors, IL-31 
receptors, and high-affinity nerve growth  
factor receptors.8

In an allergic reaction, the allergen crosslinks 
two neighbouring IgE molecules (specific to that 
particular protein) bound to receptors on the 
surfaces of basophils and mast cells, leading to 
release of medicators.9

Mast cells may be activated by allergens/
auto-allergens or IgG antibodies against IgE 
or its receptor. Activation by the autoimmune 
mechanism can happen through binding IgG  
anti-IgE with the α subunit of adjacent IgE 
receptors on mast cells.10 
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Complement activation by immune complexes 
can result in release of complement 3a, 
complement 4a, and complement 5a 
anaphylatoxins that can cause histamine 
release via an IgE independent mechanism.11 
It was shown that degranulation of mast cells 
via anaphylatoxins is restricted to certain 
subpopulations of mast cells because 
mucosal mast cells do not express  
anaphylatoxin receptors.12

Reciprocal interactions between sensory  
nerves and mast cells happen via vasoactive 
intestinal peptides and neuropeptides  
(substance P), leading to stimulation and 
degranulation of mast cells potentiation of 
pruritus and inflammatory response.13  
In chronic skin conditions that include allergic 
contact dermatitis, atopic dermatitis, and 
psoriasis, as well as urticaria and angioedema, 
intense itch occurs as a result of links between  
mast cells and sensory nerves in the state  
of neurogenic inflammation in the skin.  
Pruritus can be exacerbated by endogenous  
and exogenous co-factors.14

ROLE OF CO-FACTORS FOR 
BASOPHILS AND MAST CELLS

Physical factors known as co-factors include 
exercise exceeding the standard daily routine, 
alcohol, non-steroidal anti-inflammatory 
medication, and heat or change in temperature, 
as well as other factors that can range from 
increased stress levels, changes in hormonal 
levels (menstruation), or consequences of an 
infection. Genetic background may contribute 
in creating clinically relevant predisposition to 
particular conditions.15

The presence of co-factors may explain why 
some patient can tolerate an allergen in some 
circumstances but in others the same patients 
develop a severe anaphylactic reaction. Co-
factors can influence basophils and mast cells, 
leading to mediator release.16

In the presence of certain co-factors less 
quantity of allergen might be required to cause 
clinical symptoms.17

According to literature co-factors may have 
contributed to up to 30% of episodes of 

anaphylaxis in adults. Epidemiological studies 
demonstrated that 39% of severe reactions were 
triggered by co-factors and the most frequent 
were due to exercise, alcohol, non-steroidal anti-
inflammatory drugs, and infections.18 Exercise can 
influence adenosine and eicosanoid metabolism, 
and increase plasma osmolarity associated with 
redistribution of blood flow.19 

It should be especially recommended to avoid 
the combined intake of identified food allergens 
and non-steroidal anti-inflammatory drugs, 
because they action through inhibition of 
cyclooxygenase and production of prostaglandin 
E2, and can exacerbate allergy symptoms.20

Mast cells and basophils can be activated by 
alcohol as a co-factor as it relaxes tight junctions 
in gut epithelium, leading to an increase in 
intestinal protein absorption, and especially for 
small proteins, an alcohol-dependent increase in 
the intestinal absorption. In approximately 10%  
of patients alcohol consumption is linked with  
an increase in food allergy manifestations.21

Pseudoallergens can also influence mast cells. 
These include preservatives and colourings used 
in a range of foods, alongside dysbiosis in the 
gastrointestinal tract, deficiency of vitamin D, 
and changes in iron status profile.22

Knowledge about co-factors is important 
in prevention during allergen-specific 
immunotherapy. The role of infections as  
co-factors must be assessed during treatment. 
Immunotherapy can be paused and the allergen 
dose can be reduced to avoid co-factor effect  
in case of an infection.15

Proton pump inhibitors and Type 2 antihistamines, 
due to the mechanism of their action, can reduce 
the concentration of gastric acid in the stomach, 
which can be important for patients with oral 
allergy syndrome to acid-sensitive allergens, 
making them at risk of developing a systemic 
reaction following high allergen intake while 
taking the above medications.23

CO-FACTORS INDUCED  
GLUTEN ALLERGY

A separate condition is wheat-dependent, 
exercise-induced, IgE-mediated anaphylaxis, 
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related to consumption of wheat products and 
engaging in physical activity. In a sensitised 
individual the symptoms can vary and range 
from mild pruritus, urticaria, and angioedema to 
a full-blown anaphylaxis. They only occur when 
several conditions are met and will only arise 
within 2 hours of consumption of gluten (omega 
5-giladin)-containing food and exposure to a co-
factor or combination of co-factors.24,25 

The common symptoms of mast cell activation 
include pruritus, hypotension, loss of 
consciousness following or during exercise, 
urticaria, angioedema, flushing, and respiratory 
and gastrointestinal symptoms. They can be 
exacerbated by a recent or chronic infection.26-30 

Co-factors, including exercise and alcohol, might 
lower the threshold for IgE-mediated mast cell 

degranulation, increase allergen permeability 
in the gastrointestinal tract and osmolality, and 
redistribute blood flow.27,31,32

There is a hypothesis that sensitisation to  
gluten occurs through the damage of intact 
skin in the form of gluten-containing protein 
fragments in cosmetic products. Among wheat 
proteins, omega 5-gliadin and high-molecular-
weight glutenin subunits were shown to be the  
major allergens.28,33-36

Better understanding of the underlying 
processes leading to co-factor induced  
histamine release will allow us to develop 
avoidance strategies and new treatments,  
and give better advice to our patients.

Feature

References
1.	 Krystel-Whittemore M et al. Mast 

cell: a multi-functional master cell. 
Front Immunol. 2016;6:620.

2.	 Kolkhir P et al. Urticaria. Nat Rev 
Dis Primers. 2022;8(1):61.

3.	 Ehrlich P. Beiträge zur 
Kenntniss der granulirten 
Bindegewebszellen und der 
eosinophilen Leukocythen. Archiv 
für Physiologie. 1879;166-9.

4.	 Rudenko M. Central role of mast 
cells in mastocytosis, hereditary 
α-tryptasemia, mast cell activation 
syndrome, urticaria, and 
angioedema. EMJ. 2022;7(1):90-7.

5.	 Kaplan AP. Angioedema. World 
Allergy Organ J. 2008;1(6):103-13.

6.	 Wölbing F et al. About the role 
and underlying mechanisms of 
cofactors in anaphylaxis. Allergy. 
2013;68(9):1085-92.

7.	 Sánchez-Borges M et al. Cofactors 
and comorbidities in patients with 
aspirin/NSAID hypersensitivity. 
Allergol Immunopathol. 
2017;45(6):573-8.

8.	 Süß H et al. Contact urticaria: 
frequency, elicitors and cofactors 
in three cohorts (Information 
Network of Departments of 
Dermatology; Network of 
Anaphylaxis; and Department of 
Dermatology, University Hospital 
Erlangen, Germany). Contact 
Dermatitis. 2019;81(5):341-53. 

9.	 Muñoz-Cano R et al. Mechanisms, 
cofactors, and augmenting factors 
involved in anaphylaxis. Front 
Immunol. 2017;8:1193.

10.	 Christensen MJ et al. Exercise-
induced anaphylaxis: causes, 
consequences, and management 
recommendations. Expert Rev Clin 
Immunol. 2019;15(3):265-73.

11.	 Costanzo G et al. Cofactors, age at 
onset, allergic comorbidities and 
gender are different in patients 
sensitized to omega-5 gliadin and 
Pru p 3. Sci Rep. 2022;12.

12.	 Benito-Garcia F et al. Diagnosis 
and prevention of food-dependent 
exercise-induced anaphylaxis. 
Expert Rev Clin Immunol. 
2019;15(8):849-56.

13.	 Li PH et al. Differences in omega-
5-gliadin allergy: East versus West. 
Asia Pac Allergy. 2020;10(1):e5.

14.	 Siiskonen H, Harvima I. Mast cells 
and sensory nerves contribute 
to neurogenic inflammation 
and pruritus in chronic skin 
inflammation. Front Cell Neurosci. 
2019;13:422.

15.	 Muñoz-Cano R et al. Immune-
mediated mechanisms in cofactor-
dependent food allergy and 
anaphylaxis: effect of cofactors 
in basophils and mast cells. Front 
Immunol. 2021;11:623071.

16.	 Makris M et al. Editorial: the 
complexity of urticaria. Front 
Allergy. 2023;4:1149540.

17.	 Maheshwari A et al. Chronic 
spontaneous urticaria: an 
etiopathogenic study. Indian J 
Dermatol. 2022;67(1):92.

18.	 Oguz Topal I et al. Does 
replacement of vitamin D reduce 
the symptom scores and improve 
quality of life in patients with 
chronic urticaria? J Dermatolog 
Treat. 2016;27(2):163-6.

19.	 Kolkhir P et al. Autoimmune 
chronic spontaneous urticaria: 
what we know and what we do 
not know. J Allergy Clin Immunol. 
2017;139(6):1772-81.

20.	 Hossein Zadeh Attar M et al.  
The CD63 basophil activation test 
as a diagnostic tool for assessing 
autoimmunity in patients with 
chronic spontaneous urticaria.  
Eur J Dermatol. 2019;29(6):614-8.

21.	 Chanprapaph K et al. Thyroid 
autoimmunity and autoimmunity 
in chronic spontaneous urticaria 
linked to disease severity, 
therapeutic response, and time to 
remission in patients with chronic 
spontaneous urticaria. Biomed Res 
Int. 2018;2018:9856843.

22.	 Bansal CJ, Bansal AS. Stress, 
pseudoallergens, autoimmunity, 
infection and inflammation in 
chronic spontaneous urticaria. 
Allergy Asthma Clin Immunol. 
2019;15:56.

23.	 Kinoshita Y et al. Advantages 
and disadvantages of long-
term proton pump inhibitor 

Creative Commons Attribution-Non Commercial 4.0  ●  July 2023  ●  Allergy & Immunology ●

https://www.emjreviews.com/
https://creativecommons.org/licenses/by/4.0/


Feature

use. J Neurogastroenterol Motil. 
2018;24(2):182-96.

24.	 Kulumbegov B, Gotua M. Case 
report-wheat-dependent exercise-
induced anaphylaxis in a patient 
with chronic spontaneous urticaria: 
a diagnostic challenge. SAGE Open 
Med Case Rep. 2023;DOI:10.1177/2
050313X231175851.

25.	 Asaumi T, Ebisawa M. How to 
manage food dependent exercise 
induced anaphylaxis (FDEIA). 
Curr Opin Allergy Clin Immunol. 
2018;18(3):243-7.

26.	 Asaumi T et al. Provocation 
tests for the diagnosis of food-
dependent exercise-induced 
anaphylaxis. Pediatr Allergy 
Immunol. 2016;27(1):44-9.

27.	 Morita E et al. Food-dependent 
exercise-induced anaphylaxis. J 
Dermatol Sci. 2007;47(2):109-17.

28.	 Aihara M et al. Food-dependent 
exercise-induced anaphylaxis: 
influence of concurrent aspirin 

administration on skin testing 
and provocation. Br J Dermatol. 
2002;146(3):466-72.

29.	 Cardona V et al. World allergy 
organization anaphylaxis guidance 
2020. World Allergy Organ J. 
2020;13(10):100472.

30.	 Caslin HL et al. Controlling mast 
cell activation and homeostasis: 
work Influenced by Bill Paul that 
continues today. Front Immunol. 
2018;9:868.

31.	 Yokooji T et al. Characterization 
of causative allergens for wheat-
dependent exercise-induced 
anaphylaxis sensitized with 
hydrolyzed wheat proteins in facial 
soap. Allergol Int. 2013;62(4):435-
45.

32.	 Takahashi H et al. Recombinant 
high molecular weight-glutenin 
subunit-specific IgE detection 
is useful in identifying wheat-
dependent exercise-induced 
anaphylaxis complementary to 
recombinant omega-5 gliadin-

specific IgE test. Clin Exp Allergy. 
2012;42(8):1293-8.

33.	 Morita E et al. Food-dependent 
exercise-induced anaphylaxis 
-importance of omega-5 gliadin 
and HMW-glutenin as causative 
antigens for wheat-dependent 
exercise-induced anaphylaxis 
complementary to recombinant 
omega-5 gliadin-specific IgE test. 
Allergol Int. 2009;58(4):493-8.

34.	 Chinuki Y, Morita E. Wheat-
dependent exercise-induced 
anaphylaxis sensitized with 
hydrolyzed wheat protein in soap. 
Allergol Int. 2012;61(4):529-37.

35.	 Brockow K et al. Using a gluten 
oral food challenge protocol to 
improve diagnosis of wheat-
dependent exercise-induced 
anaphylaxis. Allergy Clin Immunol. 
2015;135(4):977-84.

36.	 Scherf KA et al. Wheat-dependent 
exercise-induced anaphylaxis. Clin 
Exp Allergy. 2016;46(1):10-20.

Allergy & Immunology  ●  July 2023  ●  Creative Commons Attribution-Non Commercial 4.0●

https://www.emjreviews.com/
https://creativecommons.org/licenses/by/4.0/

