
U N I V E R S I T Ä T S M E D I Z I N   B E R L I N



Mast Cell 
Activation Diseases

Marcus Maurer 
Dermatological Allergology
Allergie-Centrum-Charité

Department of Dermatology and Allergy
Charité - Universitätsmedizin Berlin

Germany



Disclosure of Significant Relationships with 
Commercial Companies and Organizations

Speaker and/or Advisor and/or recipient of institutional
research funding: Allakos, Aralez, FAES, Genentech, Leo,
Merckle Recordati, Moxie, MSD, Novartis, Riemser, Sanofi
Takeda, UCB, and Uriach.

12 / 2018 for past five years



Mast Cell Activation Diseases

• Its is not always the activation

of mast cells, that makes us sick



• Its is not always the activation

of mast cells, that makes us sick

• What is activation? Degranulation?

Mast Cell Activation Diseases



• Its is not always the activation

of mast cells, that makes us sick

• What is activation? Degranulation?

Mast Cell-mediated Diseases

Mast Cell Activation Diseases



Mast Cell-mediated Diseases
• Mastocytosis
• Urticaria

• Mast Cell Activation Syndrome (MCAS)



Mast Cell-mediated Diseases
• Mastocytosis
• Urticaria

• Mast Cell Activation Syndrome (MCAS)
• Allergies

• Autoimmune diseases

• Cancer

• …



Mast Cell Activation Syndrome

A chronic condition, in which mast cells
inappropriately and excessively release
mediators, resulting in a range of signs
and symptoms affecting multiple organs. 



• Known cause or idiopathic

• …

Mast Cell Activation Syndrome



• KIT mutation (mMCAS)

• Allergy (Anaphylaxis)

Kown causes of MCAS



• ‚Chronic Spontaneous Urticaria 

with systemic involvement‘ (CSU+)

• ‚Idiopathic Anaphylaxis‘

• ‚Horror autotoxicus‘

Idiopathic MCAS (iMCAS)



• Known cause or idiopathic
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• Known cause or idiopathic

• Attacks, bouts, episodes

• …

Mast Cell Activation Syndrome



How mast cells work











Mast cell degranulation

Church et al., Immunol. Rev. 2018: 282; 232-247



Mast cell degranulation

?
Church et al., Immunol. Rev. 2018: 282; 232-247



TELOGEN ANAGEN

Paus et al., Dev. Biol. 1994; 163: 230-40

Anagen is linked to MC degranulation
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Mast Cells are Allergy Cells



, FcgRIIb, FcgRIII

CXCR1, 2, 4, CCR3, 5

TrkA, MC-1/MC-5

TLR1, 2, 3, 4, 6, 7, 8, 9

ETA/ETB, uPAR
c-kit, CD48, LTβR 

C3aR, C5aR, CR1/2, CR3, CR4

PAR2, OTRs, A3R
EP-1/EP-3, CysLT1R

IL-3R, IL-4R, IL-6R,IL-10R, IL-15R

CB1/CB2, VRPIR-A/PIR-B
CD40L, OX40 GITR, B7-1, -2

MRGPRX2

FcεRI



serotonin, heparine, histamine, chondroitinsulfate

prostaglandins, leukotrienes, platelet-activating factor
IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL-11, IL-12, IL-
13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-21, TNF, IFNγ, GM-CSF, 
TGF-β, bFGF, VPF/VEGF, NGF, MIP-1α, MCP-1, RANTES, IP-10, …

chymase, tryptase, carboxypeptidase A, cathepsin G
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MC

IL-1, IL-2, 
IL-3, IL-4, 
IL-5, IL-6, 
IL-8, IL-10, 

IL-13, TNFa, 
MIPs, IFN-g, 

GM-CSF, 
TGF-b, 
bFGF, 

VPF/VEGF, 
PGD2, LTB4, 
LTC4, PAF, 
Histamine, 
Serotonin,
Heparin,

Chondroitin-
sulfate,

Chymase, 
Tryptase, 

Cathepsin G



MC

Recruitment

Extravasation

Vasodilation

Activation
IL-1, IL-2, 
IL-3, IL-4, 
IL-5, IL-6, 
IL-8, IL-10, 

IL-13, TNFa, 
MIPs, IFN-g, 

GM-CSF, 
TGF-b, 
bFGF, 

VPF/VEGF, 
PGD2, LTB4, 
LTC4, PAF, 
Histamine, 
Serotonin,
Heparin,

Chondroitin-
sulfate,

Chymase, 
Tryptase, 

Cathepsin G



Wheals



Angioedema



IgG anti-IgE

IgG anti-FcεRI

Degranulators

IgE-anti-self

IgE-anti-allergen



IgG anti-IgE

IgG anti-FcεRI

Degranulators

IgE-anti-self

IgE-anti-allergen

Modulators
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• Known cause or idiopathic

• Attacks, bouts, episodes

• All organs can be affected,

directly or indirectly

• ...

Mast Cell Activation Syndrome



Where mast cells are

Skin 

Airways

Gut

Mast cells are preferentially located
at host-environment interfaces.
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Distribution of mast cells in the skin

Arms/Legs

Trunk

Hands/Feet

Head

Weber et al., Br. J. Dermatol. 2003: 148; 224-225



Distribution of mast cells in the skin
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• Known cause or idiopathic

• Attacks, bouts, episodes

• All organs can be affected,

directly or indirectly

• What we think ≠ What patients think

Mast Cell Activation Syndrome



The prevalence of iMCAS

1 - 20%



Episodic occurrence of typical MC-related clinical
symptoms affecting 2 or more organ systems.

An increase in serum tryptase level by 20% over the
individual baseline plus 2 ng/mL total within a 4-hour 
window after a reaction.

A clear response (improvement) of the symptoms to drugs
targeting MC-derived mediators, MC-stabilizing agents, or
both.

Valent et al., J. Allergy Clin. Immunol. 2018; 142: 1008-9
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„...such as urticaria, angioedema, flushing, pruritus, 
nausea, hoarseness, vomiting, diarrhea, abdominal 
cramping, hypotensive syncope, tachycardia, 
wheezing, conjunctival injection, nasal congestion, 
and headache.“

“Typical MC-related clinical symptoms“

Valent et al., J. Allergy Clin. Immunol. 2018; 142: 1008-9



Cookson and Grattan, Clinical Medicine 2016; 16: 580–3

“Typical MC-related clinical symptoms“



The clinical picture of patients
who think they have iMCAS

• Multiple variable signs and symptoms

• Often not episodic

• From mild to very severe

• Often hard to verify



Afrin et al., Blood 2016; 128: 3683



Picard et al., Clin. Ther. 2013; 35: 548 - 562
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window after a reaction.

A clear response (improvement) of the symptoms to drugs
targeting MC-derived mediators, MC-stabilizing agents, or
both.

Valent et al., J. Allergy Clin. Immunol. 2018; 142: 1008-9

Diagnostic criteria of iMCAS



Akin, J. Allergy Clin. Immunol. 2017; 140: 349-55



Episodic occurrence of typical MC-related clinical
symptoms affecting 2 or more organ systems.

An increase in serum tryptase level by 20% over the
individual baseline plus 2 ng/mL total within a 4-hour 
window after a reaction.

A clear response (improvement) of the symptoms to 
drugs targeting MC-derived mediators, MC-stabilizing
agents, or both.

Valent et al., J. Allergy Clin. Immunol. 2018; 142: 1008-9

Diagnostic criteria of iMCAS



Treatment of iMCAS
• H1 Antihistamines

• H2 Blockers

• Leukotriene antagonists

• Comoglycate

• Omalizumab



D89.40 Mast cell activation, unspecified
Mast cell activation disorder, unspecified
Mast cell activation syndrome, NOS

D89.41 Monoclonal mast cell activation syndrome

D89.42 Idiopathic mast cell activation syndrome

D89.43 Secondary mast cell activation
Secondary mast cell activation syndrome
Code also underlying etiology, if known

D89.49 Other mast cell activation disorder
Other mast cell activation syndrome

Mast Cell Activation Syndrome



• What are the causes of iMCAS?

Idiopathic MCAS – Unmet needs





How are mast cells activated in CSU?

MC

Maurer et al., Front. Immunol. 2018: 9; 689
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FceRI
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FceRI IgE

Maurer et al., Front. Immunol. 2018: 9; 689
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FceRI IgE
Allergen

Maurer et al., Front. Immunol. 2018: 9; 689
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Autoallergy

FceRI IgE
Allergen

Auto-
Allergen

Maurer et al., Front. Immunol. 2018: 9; 689

How are mast cells activated in CSU?



MC

Autoimmunity
Type I

FceRI IgE
Allergen

Auto-
Allergen

Maurer et al., Front. Immunol. 2018: 9; 689

How are mast cells activated in CSU?



MC

IgG-anti-IgE

IgG-anti-FceRI

Autoimmunity
Type I

FceRI IgE
Allergen

Auto-
Allergen

Autoimmunity
Type IIb

Kolkhir et al., J. Allergy Clin. Immunol. 2017: 139; 1772

How are mast cells activated in CSU?



Type I autoimmune („autoallergic“) CSU



• CSU patients often have IgE-anti-thyreoperoxidase (TPO)

Type I autoimmune („autoallergic“) CSU

Altrichter et al., PLoS ONE 2011: 12; 6



Altrichter et al., PLoS ONE 2011: 12; 6

IgE-anti-TPO in CSU



• CSU patients often have IgE-anti-thyreoperoxidase (TPO)

• IgE-anti-TPO+ CSU patients benefit from omalizumab

Type I autoimmune („autoallergic“) CSU

Maurer et al., J Allergy Clin Immunol 2011; 128: 202-209  
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(no more wheals …)

Pa
tie

nt
s 

w
ith

ou
t w

he
al

s 
(in

 %
)

Anti-IgE Placebo

70.4

4.5
0

10

20

30

40

50

60

70

80

Anti-IgE
Placebo

Maurer et al., J Allergy Clin Immunol 2011; 128: 202-209  



• CSU patients often have IgE-anti-thyreoperoxidase (TPO)

• IgE-anti-TPO+ CSU patients benefit from omalizumab

• IgE-anti-TPO & TPO degranulates mast cells

Type I autoimmune („autoallergic“) CSU



IgE-anti-TPO is functional

Sánchez et al., Allergy Asthma Immunol Res 2019; 11: 29-42



Sánchez et al., Allergy Asthma Immunol Res 2019; 11: 29-42



Sánchez et al., Allergy Asthma Immunol Res 2019; 11: 29-42



How much of the total IgE 
is auto-IgE?

Lakin et al., Theranostics 2018; in press
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CSU patients have much more auto-IgE

Lakin et al., Theranostics 2018; in press
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• CSU patients often have IgE-anti-thyreoperoxidase (TPO)

• IgE-anti-TPO+ CSU patients benefit from omalizumab

• IgE-anti-TPO & TPO degranulates mast cells

• Most of the IgE reactivity in CSU patients is against self

Type I autoimmune („autoallergic“) CSU



CSU patients have much more auto-IgE
against many more autoantigens

Lakin et al., Theranostics 2018; in press
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MC

IgG-anti-IgE

IgG-anti-FceRI

Autoimmunity
Type I

FceRI IgE
Allergen

Auto-
Allergen

Autoimmunity
Type IIb

What is the role of Type I and Type IIb
autoimmunity in iMCAS?
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Idiopathic MCAS – Unmet needs

• What are the causes of iMCAS?

• Better diagnostic criteria / tests



Idiopathic MCAS – Unmet needs

• What are the causes of iMCAS?

• Better diagnostic criteria / tests

• Targeted treatment



Siebenhaar et al., Trends Immunol. 2018: 39; 151-162



Harvima et al., J. Allergy Clin. Immunol. 2014: 134; 530-544 
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www.urticaria-registry.com



Cold Urticaria



!

Maurer et al., J Allergy Clin Immunol 2018; 141: 638-649

Chronic Inducible Urticaria



!

Symptomatic 

Dermographism

Cold 

Urticaria {
{

Omalizumab Treatment in Chronic Inducible Urticaria: 
A Systematic Review of Published Evidence 

Maurer et al., J Allergy Clin Immunol 2018; 141: 638-649
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Allergen

Auto-
antigen

Anti-IgE

Anti-FceRI

Bacteria

Parasite

MC

Adaptive 
Immunity

Innate
Immunity

Allergy

Autoimmunity

Autoallergy

The role of mast cells

Metz et al. Science 2006; 313: 526-30
Maurer et al. Nature 2004; 432: 512-6
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Mast cells can be modulated.

“Bad effects” can be neutralized.

“Good effects” can be used and promoted.

The better we understand mast cells, 
the more our patients benefit.

Ü
Ü
Ü
Ü

Mast Cell Research – Quo vadis?
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