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History 
• 1878: Ehrlich: metachromasia – “mastzellen” 

 Near blood vessels, nerves and glandular ducts 
 1908: Nobel prize 

• 1894: Unna: urticaria pigmentosa (UP) are associated with increased mast 
cells below each lesion 

• 1931: Webb: peritoneal mast cells (MC) of rat undergo degranulation 
following irritation by egg white 

• 1930-1940: Jorpes: mast cells carry heparine 
• 1930-1940: Riley: mast cells carry histamine 
• 1949: Ellis: report of a fatal case of UP in a 1-year-old child. Autopsy 

showed MC infiltration in skin, liver, spleen, lymph nodes and bone 
marrow (BM) 

• 1950: MC play a role in anaphylaxis 
• Beschrijving verschillende varianten van mastocytose 

 Classificatiesystemen    WHO criteria (laatste update in 2008) 

Metcalfe, Blood 2008 

Presentator
Presentatienotities
Ehrlich was de eerste om MC te beschrijven in 1878. Hij identificeerde de cellen ahv hun metachromasie (ie eigenschap om paars te kleuren met de basische verf toluïdine blauw). ...
In 1894 ontdekte Unna dat MC onder de letsels van UP te vinden waren; MC speelden dus een rol in de fysiologische status en in ziekte. 
In 1931 ontedkte Jorpes dat na intraperitoneale injectie van eiwit bij ratten hun intraperitoneale MC degranuleren en de ratten een UP-like beeld ontwikkelen. 



Typical features of mast cells 
• Granules: 

Histamine 
Heparine 
Tryptase  
 

• Receptors: 
FcεRI: IgE 
KIT: stem cell factor 
TLR 

 

• Cytokines: 
IL4, IL5 
TNFα 
 

• Prostaglandins, leukotriënes 
 

• Connective tissue of ≠ organs 
Skin, gut mucosa, pulmonary alveoli 
Chorioid plexus, meninges 
Bone marrow: low numbers 

Metcalfe, Blood 2008 
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Boven: schematisch voorstelling MC met de oppervlakte receptoren voor IgG, IgE en KIT. De MC bevat granules met mediatoren zoals histamine, proteases (tryptase, chymase) en heparine. Verder is er ook secretie van cytokines, prostaglandines en leukotriënen (deze worden gesynthetiseerd na stimulatie van de mastcel)
Onder: MC in het BM: ronde cel met dens opeengepakte granules die donkerpaars-blauw kleuren (metachromatische kleuring). De basofiel heeft minder dense granules en een gelobde kern. 
Als IgE bindt aan de FcεRI gaat de mast cel degranuleren (allergische reactie)
KIT receptor bindt stamcelfactor, dit speelt een activerende rol in de groei en proliferatie van mastcellen
Toll like receptors (TLR) spelen een rol in de respons op microbiële infecties



Role of mast cells in the human body 

• Role in physiologic state: 
– Innate defence against viral and bacterial pathogens 
– Acquired immunity (parasitic infections) 
– Effector cells in allergic responses 
  

• Role in disease: 
– Allergic disease 
– Mastocytosis  

• Cutaneous mastocytosis (CM) 
• Systemic mastocytosis (SM) 

Metcalfe, Blood 2008 
UpToDate version 21.1 
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Allergic disease: anaphylaxis, urticaria, asthma, rhinitis and atopic dermatitis
Dariers sign: development of localized urticaria and erythema (within about five minutes) following rubbing, scratching, or stroking skin or skin lesions that are heavily infiltrated with mast cells
Foto bovenaan: UP: Lesions of UP are characterized by small yellow-tan to reddish–brown macules or slightly raised papules 
Foto onderaan: DCM:  Diffuse CM is the result of a diffuse mast cell infiltration in the dermis. The skin appears either normal in color or possibly yellowish-brown, with increased thickness. Involvement of the whole skin, rather than discrete areas, is characteristic.



Epidemiology of systemic 
mastocytosis 

Children 
• Appears in 1st year of life in 

80% 
• Mostly cutaneous forms 
• Most improve or resolve 

during adolescence 

Adults 
• Mostly systemic forms 
• Tend to persist during life 

Metcalfe, Blood 2008 
UpToDate version 21.1 

UZ Leuven: ‘zorgprogramma mastocytose’ 
 

• Cutaneous mastocytosis: Prof. J. Ceuppens, 19 patients in 2013  
• Systemic mastocytosis: Prof. M. Delforge, 13 patients in 2013 



Clinical symptoms of systemic 
mastocytosis  

• Cutaneous symptoms 
 Urticaria pigmentosa  
 Dariers sign 
 Diffuse cutaneous mastocytosis 

• Symptoms of mediator release 
 Allergic reactions and anaphylaxis 
 Gastrointestinal symptoms 

abdominal pain, nausea, diarrhea, …  

 Neuropsychiatric symptoms 
depression, mood changes, increased somnolence, …  

 Musculoskeletal symptoms 
musculoskeletal pain, osteoporosis 

• Symptoms of organ infiltration 
Splenomegaly (+/- hypersplenism), hepatomegaly (+/- ↑ liver enzymes), lymphadenopathy 

 

 Metcalfe, Blood 2008 
UpToDate version 21.1 
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Dariers sign: development of localized urticaria and erythema (within about five minutes) following rubbing, scratching, or stroking skin or skin lesions that are heavily infiltrated with mast cells
Foto bovenaan: UP: Lesions of UP are characterized by small yellow-tan to reddish–brown macules or slightly raised papules 
Foto onderaan: DCM:  Diffuse CM is the result of a diffuse mast cell infiltration in the dermis. The skin appears either normal in color or possibly yellowish-brown, with increased thickness. Involvement of the whole skin, rather than discrete areas, is characteristic.
Neuropsych symptoms: exact pathogenetic mechanism unknown
osteoporosis: door effect mast cel mediatoren op bot turnover



Pathogenesis of mastocytosis 
• Activating KIT mutations play a role in CM en SM 
• These mutations lead to SCF independent activation of the KIT 

receptor 
• Most common: D816V mutation in exon 17  
• > 95% of adults with SM have the D816V mutation in BM cells 
• 40% of children with CM have exon 17 mutations, another 40% 

carry cKIT mutations outside exon 17 
• Mastocytosis is an acquired disease 

Metcalfe, Blood 2008 
Fuller, Hematol Oncol Clin N Am 2012 
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D816V mutatie: de vervanging van aspartaat door valine op codon 816 (codon: triplet basen dat codeert voor een aminozuur)



Diagnostic criteria for systemic 
mastocytosis 

WHO 2008 revised criteria 

Major criteria 
Multifocal, dense infiltrates of MC (>15 MC in aggregates) are detected in sections of BM and/or 
other extracutaneous organs. 
Minor criteria 
In biopsy sections of BM or other extracutaneous organs, >25% of the MC in the infiltrate are 
spindle shaped; have atypical morphologic features; or, of all MCs in BM aspirate smears, >25% are 
immature or atypical. 
Detection of an activating point mutation at codon 816 in KIT in BM, blood or another 
extracutaneous organ. 
MC in BM, blood or other extracutaneous organs express CD2 and/or CD25 in addition to normal 
mast cell markers. 
Serum total tryptase persistently exceeds 20 ng/mL (unless there is an associated clonal myeloid 
disorder, in which case this parameter is not valid). 
 

1 major + 1 minor criterium 
or 

3 minor criteria 
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De D816V mutatie wordt ook teruggevonden bij andere hematologische kankers
Bij AML kunnen myeloblasten ook tryptase secreteren



Systemic mastocytosis variants 
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Om SM verder te classificeren worden B en C symptomen gedefinieerd. De B symptomen zijn ... De C symptomen zijn tekens van orgaaninvasie, namelijk ... 



Mast cell activation syndromes 
• Patiënten met symptomen van mast cel activatie waarbij geen 

clonaliteit of allergische basis wordt aangetoond 
• Patiënten met bewijs van clonale mastcellen (FCM en/of cKIT 

mutatie) die niet voldoen aan de criteria voor SM 



Mast cell activation syndromes 



Mast cell activation syndromes 

Valent et al. Int Arch Allergy Immunol 2012 

MCAS 

MMAS 



Treatment of systemic mastocytosis 
• Avoidance of factors that trigger MC release 

– Sudden temperature changes 
– Aggravated allergic reactions (eg after hymenopthera 

stings, general anesthesia, …) 
• Treatment of symptoms of mediator release 

– Antihistamines 
• H1 blockers: eg cetirizine 

• H2 blockers: eg ranitidine 

– Epinephrine self-injector 
• Cytoreductive therapy in case of 1 or more C findings 

– KIT D816V mutants: 
•  resistant to Tyrosine Kinase Inhibitors (TKI) 
• interferon-α (IFN-α) + glucocorticoids  

– KIT D816V negative: TKI (eg imatinib) 



Questions 
1. Which are the diagnostic investigations that should 

be performed when a diagnosis of SM is 
suspected?  

2. What is the normal and aberrant phenotype for 
MC?  

3. What is the value of flow cytometric detection of 
CD25 and/or CD2 expression on MC in the 
diagnosis of SM?  



1. Bone marrow histology and immunohistochemistry 
 

• BM trephine biopsy 
• Multifocal compact tissue infiltrates of >15 MC = major 

criterium 
• > 25% of MC are immature/atypical= minor criterium 
• Immunohistochemical stainings: tryptase, cKIT, CD25 

• MC: tryptase+, cKIT+ 
• Aberrant MC: CD25+ 

Which are the diagnostic investigations that should be 
performed when a diagnosis of SM is suspected?  

Question 1:  
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Trephine biopsy: Botboor biopsie



2. Bone marrow aspirate cytology 
 

• >25% of BM MC are immature or atypical = minor 
criterium 

• Number of MC lower than in biopsy (<1%) 
• Aberrant MC:  

• spindle shaped, hypogranular, eccentric nuclei 
• bilobar forms 

Which are the diagnostic investigations that should be 
performed when a diagnosis of SM is suspected?  

Question 1:  



3. Abnormal expression of CD2 and CD25 on mast cells 
 

• Immunohistochemistry: - less sensitive 
            + easier access 
• Flow cytometry: + highly sensitive (detects 0,001%) 
             - specialized equipment, experience 
• CD2 expression = variable, CD25 more reliable 
• BM = preferred sample type 
• Technical aspects:  

• number of MC very low: > 106 events are needed 

• PB: in case of MCL, ASM or MC in PB on morphological 
examination 

• Cave: number of MC in PB usually lower than in BM 
• FACS-based cell sorting needed: not in routine lab 

Question 1:  Which are the diagnostic investigations that should be 
performed when a diagnosis of SM is suspected?  
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IH is less sensitive when MC aggregates are absent in the BM biopsy



4. Serum tryptase levels 
• Tryptase level reflects the total burden of MC 
• Most SM patients have tryptase > 20 ng/ml 
• Limited diagnostic utility in SM-AHNMD 

 

5. Molecular studies (KIT D816V detection) 
• SM is associated with gain-of-function mutations in KIT tyrosine 

kinase domain 
• 95%: D816V mutations 
• Other mutations: V580G, D815K, D816Y, insVI815-816, D816F, 

D816H and D820G 
• Detection by highly sensitive techniques recommended (UZ 

Leuven: allele-specific PCR: detection limit 0,005%) 

Question 1:  Which are the diagnostic investigations that should be 
performed when a diagnosis of SM is suspected?  
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Tryptase unreliable in SM-AHNMD: myeloblasts can also produce tryptase




• Normal MC are CD33+, CD34-, CD45low and CD117high 

• Aberrant MC also express CD25, CD2, CD11c, CD35, CD59, 
CD63 and/or CD69 

• Most authors recommend detection of CD25 and CD2 on MC, 
however reported sensitivities of CD2 are variable 

 

What is the normal and aberrant phenotype for MC?  Question 2:  

Gating strategy for mast cells (CD117++, CD34 -) and aberrant mast cells (CD25+). A: A distinct population of MC (0,119% 
of ANC) is present in the ++ gate. These MC express CD25 which is a minor diagnostic criterion for SM. B: A distinct 
population of MC is present, these MC do not express CD25.  

Escribano L et al. Cytometry B Clin Cytomet. 2004 



1. Evidence in the literature 

Question 3:  What is the value of flow cytometric detection of CD25 and/or 
CD2 expression on MC in the diagnosis of SM?  



2. In house evaluation on patient samples 
 2.1 Materials and methods 

• Patients 
 25 patients with suspected diagnosis of SM 
 Mainly reffered to allergology consultation 
 October 2012 - Februari 2014 
 Exclusion of 2 patients because of incomplete workup (no KIT mutation 

analysis) 
• Bone marrow assesment 

 Trephine biopsies: histopathological investigation 
 BM aspirate smears: cytology 

• Immunophenotypic studies 
 FCM according to Escribano et al. 
 Collection of 1 x 106 events if possible 
 Gating MC: CD117++ and CD45 dim, Aberrant MC: also CD25 expression 

• Molecular studies (KIT D816V mutation) 
 Highly sensitive, allele-specific PCR (CME) 

• Tryptase 
 Immunocap 250 

Question 3:  What is the value of flow cytometric detection of CD25 and/or 
CD2 expression on MC in the diagnosis of SM?  



2. In house evaluation on patient samples 
 2.2 Results 

Question 3:  What is the value of flow cytometric detection of CD25 and/or 
CD2 expression on MC in the diagnosis of SM?  



2. In house evaluation on patient samples 
 2.3 Discussion 

 11 patients meet diagnostic criteria for SM 
  9 ISM 
  1 ASM 
  1 SM-AHNMD 
 11/11 patients with SM showed expression of CD25 on MC         100% sensitivity 
   

 12 patients do not meet the diagnostic criteria for SM 
  2 MMAS 
  2 MCAS 
  1 lactose intolerance 
  1 H. pylori gastric infection 
  1 intestinal worm (oxyures)   
  5 patients without a final diagnosis 
 2/12 patients without SM showed expression of CD25 on MC          83% specificity  
  

Question 3:  What is the value of flow cytometric detection of CD25 and/or 
CD2 expression on MC in the diagnosis of SM?  

= 2 patients with MMAS ! 



2. In house evaluation on patient samples 
 2.3 Conclusion 
 

• Highly sensitive flow cytometry is a useful tool in the diagnosis of SM 
 100% sensitivity in our patient population 
 CD25 expression seems to be reliable as a sole criterion 

• A negative result with flow cytometry rules out the diagnosis of SM in our 
patient population 

• ‘false positive results’ in patients with symptoms of MC degranulation and 
1 or 2 minor WHO criteria: think MMAS 

Question 3:  What is the value of flow cytometric detection of CD25 and/or 
CD2 expression on MC in the diagnosis of SM?  



To Do 
• To implement the flow cytometric immunophenotyping of MC on BM (and 

PB if indicated) as a routine diagnostic tool for the diagnosis of systemic 
mastocytosis 
 

• To test a control group of patients with various hematological and non-
hematological disorders for the presence of CD25 positive mast cells, and 
correlate the results with the presence of the KIT D816V mutation.  



Questions… 
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