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Mast Cell Disorders
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Youtube
Mast cell activation symptomatology

My mystery symptoms and mast cells
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General Principles

• Exclude other diagnoses

• Identify comorbidities

• Prioritize symptoms

• Remove triggers

• Eliminate foods/additives

• Different treatment approaches

• Multiomodal management needed
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Allergies

Angioneurotic edema

Asthma

Atopic dermatitis

Food allergy

Food intolerance

Histamine intolerance

Idiopathic urticaria

Mastocytosis 

Mast cell activation

Non-IgE food allergy

Rhinitis
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FibromyalgiaAutism

Mast Cell
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Diagnostic Algorithm for Adult Patients

SM= Systemic Mastocytosis

* This range varies among different     

laboratories and clinical sites 

# Serum; some experts consider a higher cutoff
+ KIT mutations should be investigated 

Bone marrow biopsy

Skin biopsy

SM +

Cutaneous mastocytosis

Mast cell 

activation

• Basal tryptase ≥20 ng/ml and/or 

• Event-related  tryptase increase  

by 20% of baseline + 2 ng/ml

Skin lesions present

Urine measurements  (24 hr):

• ↑Methyl histamine

• ↑PGD2

• ↑11-β Prostaglandin F2α

Patient with symptoms consistent with mast cell activation  

Thorough medical history for reactions to foods, medications, 

radiographic contrast media, insect stings,  latex, exercise, 

temperature, stress, and skin examination

Basal serum tryptase normal or slightly elevated  (11.5-20  ng/ml )*

± diagnostic increase in event-related tryptase

History of: 

1.  Anaphylaxis to hymenoptera stings

2. Hypotensive anaphylaxis with or without      

angioedema or urticaria

Define Subtypes

§ A patient with elevated basal tryptase should also 

have BM biopsy. Most of these patients have SM

No SM

D816V KIT mutation in peripheral blood
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C

Two bone marrow biopsies are 

needed for >80% chance of finding

two mast cell “clusters” for diagnosis
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Cutaneous

Flushing

Pruritus

Urticaria

Angioedema
Digestive

Abdominal cramps

Diarrhea 

Esophageal reflux 

Nausea and vomiting

Musculoskeletal

Aches

Bone pain

Osteopenia/Osteoporosis

Neurologic

Anxiety 

Depression

Decreased concentration and memory (Brain Fog)

Insomnia

Migraines 

Systemic

Fatigue

Generalized malaise 

Weight loss

Respiratory

Nasal congestion

Nasal pruritus

Shortness of breath

Throat swelling

Wheezing

CRH, chymase, 

histamine,IL-6, 

PAF, renin, 

TNF, tryptase

CRH,  histamine, IL-6, IL-8, IL-33, 

PAF, PGD2, TNF, tryptase

Histamine, IL-6, 

LCT4, PAF, PGD2

IL-6, PGD2, RANKL, 

TNF, tryptase

CRH, histamine, 

IL-6, TNF

CRH, histamine, IL-6, 

NT, PAF, PGD2, TNF

CRH, histamine, IL-6, NT, PAF, 

PGD2, serotonin, TNF, tryptase, 

VIP

Cardiovascular

Hypotension

Syncope or near syncope

Lightheadedness 

Tachycardia

Drugs

Allergens

Toxins
Cytokines

Peptides

Bacteria, fungi,  

viruses
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Mast Cell Activation

Nomarski Optics

Allergen/IgE

C3a, C5a

IL-1, IL-33

Endothelin

LPS

Neuropeptides

Thrombin

Histamine

Chymase

Tryptase

Leukotrienes

PAF

Prostaglandins

Chemokines 

IL-1, IL-6, IL-8

GM-CSF, TNF-

VEGF

Triggers Mediators

Activated mast cell

Normal mast cells

Mast cell degranulation leads to the release of mediators with potent

vasodilatory, nociceptive, and inflammatory properties
116/3/2015
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Mast Cells Communicate with Many

Pathogens and Other Immune Cells
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Typical Skin Mast Cell Degranulation Observed by 

Metachromasia as First Noted by Paul Ehrlich in 1887
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Brain Fog

Reduced

• Attention 

span

• Cognition

• Memory

• Multitasking

• Processing

• Word finding
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Mast Cell May Serve as the Canary in 

the Mine of the Body

Many substances originating in the environment, intestine or brain can 
trigger mast cell secretion of mood-altering molecules.

• Environmental substances such as:

Aluminum

Antibiotics

Bacterial and viral antigens

Drugs 

Estrogens 

Mercury

Mold

PBC
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Trends Neurosci. 2013 Sep;36(9):513-21

http://www.ncbi.nlm.nih.gov/pubmed/23845731
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• Allergies/Atopic dermatitis

• Autism

• Bipolar disorder

• Chronic fatigue syndrome

• Fibromyalgia

• Interstitial cystitis

• Irritable bowel syndrome

• Mastocytosis

• Migraines

• Multiple sclerosis

• Psoriasis Edvard Munch, The Scream (Skrik, 1893)6/3/2015
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Mast cells in neurogenic 

inflammation

Hypothalamus: CRH

Pituitary: ACTH

Glucocorticoids Catecholamines

Adrenal

BRAIN, SKIN, GUT

Blood 

vessel

Systemic effects

HPA axis

Local effects

SCG

Sensory nerve

CRH, 

NT, SPLC

Limbic&

Neurosensory

signals

ANTI-INFLAMMATORY

PRO-INFLAMMATORY

 vascular permeability+

Mast cell

Mastocytosis Symptoms

Histamine, 

IL-6, TNF,    

tryptase
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tv 99Tc-G

30 minutes restraint stress

Plasma leak

-99Tc-G extravasation

C57BL +/+ normal

W/Wv mast cell-deficient 

mouse
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Stress-induced brain vascular permeability 

is dependent on cells
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Intradermal CRH Injection Induces Skin Vascular 

Permeability, but not in W/Wv Mast Cell Deficient Mice
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Culture of human umbilical cord blood-
derived mast cells (hCBMCs)

Culture with SCF (100 

ng/ml) and IL-6 (50 

ng/ml) for 8-16 wk 

yields 100% tryptase-

positive mast cells

CD34+ cells

mast cells

Kempuraj D., Saito H. et al. Blood 93: 3338-3346, 1999.

RBCs

MNCs

AC133 mAb

MACs
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Immunocytochemistry of CRH-R in human 

mast cells 

F G

B

-

R1 no IL-4

DCA E

E F

B

R1 + IL-4

A B

R2 no IL-4 R2 + IL-4

DB

No R1 primary DAPI 
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J Clin Psychopharmacol. 2002 Apr;22(2):221-4.

http://www.ncbi.nlm.nih.gov/pubmed/11910271
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J Allergy Clin Immunol. 2014 Jun 27.

http://www.ncbi.nlm.nih.gov/pubmed/24985398
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51

Lynn Margulis (1938 –2011)

51

Margulis L. Symbiotic theory of the origin of eukaryotic 

organelles; criteria for proof.

Symp Soc Exp Biol. 1975;(29):21-38. 

http://www.ncbi.nlm.nih.gov/pubmed/822529


J Allergy Clin Immunol 2011;127:1522-31
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18

Mast cell-derived mitochondrial components 

stimulate other cell types
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Investigation of Why Some Human Mast 

Cells Do Not Degranulate
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Sleep

• Amitriptyline (Elavil)

• Lorazepam (Ativan)

• Diphenhydramine (Benadryl)

• Hydroxyzine (Atarax)

• Melatonin
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Pain

• Amitriptyline  (Elavil)

• Codeine

• Fentanyl transdermal (Duragesic)

• Gabapentin (Neurontin)

• Hydroxyzine (Atarax)

• Pregabalin (Lyrica)

• Tiagabine (Gabitril)

• Tramadol (Ultram)



Varied Effects of Antihistamines

Histamine-1 receptor antagonists Characteristics

• Cetirizine (Zyrtec) Nonsedating

• Cyproheptadine (Periactin) Antiserotonin

• Diphenhydramine (Benadryl) Sedating

• Hydroxyzine (Atarax) Anxiolytic

• Ketotifen (Zaditen) Antieosinophilic

• Loratadine (Allegra) Nonsedating

• Rupatadine (Rupafin) Antieosniophilic

Tricyclic Antidepressants

• Amitriptyline (Elavil) Weight gain

• Doxepin (Sinequan) Nightmares

Phenothiazines

• Promethazine (Phenergan) Cloudy brain

• Prochlorperazine (Compazine) Antiemetic
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Other Mediators

Leukotrienes

• Montelukast (Singulair)

Prostaglandins

• Ibuprofen

• Asetylsalicylic acid (Aspirin)

Platelet Activating Factor (PAF)

• Rupatadine (Rupafin)

Cytokines (IL-6, TNF)

• Luteolin, Quercetin
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Mast cell “blockers”

• Anti-IgE (Xolair)

• Cromolyn sodium (Gastrocrom)

• Flavonoids (luteolin, quercetin)

• Ketotifen (Zaditen)

• Prochlorperazine (Compazine)

• Rupatadine (Rupafin)



Omalizumab (Xolair)

Potential Mechanisms

• Neutralizes circulating IgE

• Downregulates IgE receptors

• Inhibits c-kit activation

• Interferes with other triggers



The Effectiveness of Cromolyn Varies

66
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Flavonoids are potent:
• Anti-oxidant  

• Anti-inflammatory

• Mast cell inhibitors

• Metal chelators

• Neuroprotective

• Are lipophilic

• Less than 15% are absorbed 
orally

• Are metabolized in the liver

• Need to be formulated in 
liposomes

Cromolyn
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Allergic stimulation of 

human mast cells results 

in secretion of histamine, 

the proteolytic enzyme 

tryptase, and the pro-

inflammatory cytokines IL-

6, IL-8 and TNF-, all of 

which are inhibited by 

luteolin.
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Inhibition of inflammatory molecules by quercetin 

from human mast cells

Effect of luteolin  on neurotensin-

induced human mast cell secretion



6/3/2015 Copyright by Dr. TC Theoharides 69



6/3/2015 Copyright by Dr. TC Theoharides 70



6/3/2015 Copyright by Dr. TC Theoharides 71

Mast Cell  Triggers

PI3K

AKT

mTORC1

PTEN
Mast cell 

number 

mast cell 

activation 

Mast cell 

number 

Rapamycin

Luteolin

Calcium 

influx via 

receptor 

Luteolin inhibits mTOR 

activation better than rapamycin

P-mTOR (Ser 2448) 

P-4EBP1 (Thr37/46)

mTOR

β-Actin

289 

289  

45 

15-20 

kDa 1 2 3

1-Control  2-Rapamycin  3-Luteolin

MAST CELL SECRETION



Children with Autism Spectrum Disorders 

Have Allergic and Food Intolerance Problems
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Children with ASDs (n=40) completed the protocol. 

There was significant (p<0.005) improvement in 

adaptive functioning as measured by the VABS age-

equivalent scores:

-8.43 months-communication domain

-7.17 months daily living skills

-8.00 months-social domain

There was overall behavior (34.8%) improvement in  

the Aberrant Behavior Checklist (ABC)
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Other Drugs

Cytoreductive agents
• 5-Hydroxyurea

• Interferon-alpha

Tyrosine kinase inhibitors 
• Amatinib (Glyvec-useful if no c-kit mutation)

• Dasatinib (Early trials disappointing)

• Midostaurin, staurosporin (ongoing trials)

Flavonoids
• Methoxyluteolin (experimental)

(c-kit, IP3K, mTOR inhibitor)
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Effect of Luteolin and Methoxyluteolin on MC Secretion
LAD2 beta-hex release

B
e
ta

-H
e
x
 r

e
le

a
s
e
 (

%
)

Contro
l M

SP 2
 

M
10 

M
50 

M

100 

0

10

20

30

40

50
Lut

Methlut

*
*

*

LAD2  pre-stored TNF release

T
N

F
 (

p
g

/m
L

/1
0

6
 c

e
ll

s)

C
ontr

ol M

SP 2
 

M
10

 
M

50
 

M

10
0 

0

100

200

300

400
Lut

Methlut

*
*

LAD2 histamine release

H
is

ta
m

in
e
 (

p
g

/m
L

/1
0

6
 c

e
ll

s)

C
ontr

ol M

SP 2
 

M
10

 
M

50
 

M

10
0 

0

500

1000

1500

2000
Lut

Methlut

*

A B

C

hCBMC  PGD2 release

P
G

D
2
 (

p
g

/m
L

/1
0

6
 c

e
ll

s
)

C
ontr

ol

Ig
E
 o

nly

Ig
E
/A

nti-
Ig

E M
10

 
M

50
 

M

10
0 

0

1000

2000

3000

4000

5000

Lut

Methlut

*

*

D

Flavonoids                  Trigger

30 min                      30 min



6/3/2015 Copyright by Dr. TC Theoharides 80

Topical

• Hydrocortisone (rarely useful)

• Doxepine (Zonalon)

• Cromolyn (Homemade)

• Methoxyluteolin (GentleDerm)
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Divergent Actions of Mast Cells

ANAPHYLACTIC DEGRANULATION DIFFERENTIAL RELEASE WITHOUT 

DEGRANULATION

Allergic and anaphylactic responses Inflammation

IgE + antigen

Neuropeptides

Compound exocytosis Intragranular activation

CRH, SCF,

IL-1, LPS
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