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Introduction (1)

• Mast cells are derived from hematopoietic stem cells

• Circulating mast cell progenitors → all vascularised tissues

• Mainly at interfaces (skin, GI, respiratory, urinary)

• Intestinal homing via α4β7 integrin

• Further differentiation & maturation according to local needs

• Classification based on protease content:
• Tryptase > chymase: mucosal

• Tryptase & chymase: submucosal



Introduction (2)

• Granulated immune cell

• Receptors for immune ligands (Fc IgE, …) & mediators (neurotransmitters, …)

• Activation → degranulation → release of biologically active products
(tryptase, histamine, heparin, …)

Two mast cells in bone marrow at 1000x (Wright’s stain).
Vortioxetine, CC BY-SA 4.0, via Wikimedia Commons
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Introduction
Functions of mast cells in the GI tract
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Role of mast cells in digestive diseases

• Food allergies (IgE & non-IgE mediated)

• Chronic urticaria

• Some forms of gastritis

• Celiac disease (↑ numbers)

• Chronic inflammatory bowel disease (↑ numbers & signs of degranulation)

• Irritable bowel syndrome

• “Mastocytic enterocolitis”

• Mast cell activation syndrome



Chronic urticaria

• Chronic recurrent skin eruptions, most commonly in middle-aged women
• Mast cells in skin / GI tract release vaso-active mediators after contact with

(pseudo)allergenic substances (e.g. in food, medications) ?
• Numbers of tryptase+ mast cells were significantly higher in CU pts than in controls

IHC tryptase, 400x (a) stomach (b) duodenum



Gastritis (1)

• Numbers of MCT/C significantly ↑ in Hp gastritis
• Correlates with accumulation of neutrophils, T-lymfocytes, macrophages
• Tryptase &/ chymase may attract neutrophils & monocytes to sites of gastric mucosal

inflammation…

IHC tryptase, 360x IHC chymase, 360x



Gastritis (2)

• 895 Iranian children, GI symptoms, gastroscopy
• 86/895 had ~ normal endoscopy & biopsy
• Mast cells counts:

• Metachromatic cells on Giemsa stain
• Evaluation at x1000 under oil immersion

• Broad distribution of mast cell numbers
• Mean density 45,6 ± 13,8 / 0,25 mm2

• = far above the “normal” (12,6 ± 0,87 / 0,25 mm2)
• “Mast cell gastritis” 



Irritable Bowel Syndrome

• Global, frequent, invalidating functional GI disorder

• Chronic abdominal discomfort / pain & altered bowel habits (Rome IV criteria)

• Multifactorial etiology (a.o. post-infectious)

• Mast cells:
• ↑ numbers
• ↑ proximity to enteric nerve endings
• ↑ spontaneous release of tryptase & histamine
• ↑ degranulation

* Barbara G, Stanghellini V, De Giorgio R, et al. Gastroenterology 2004;126(3):693-702. PMID: 14988823.
* Kirsch R, Riddell RH. Mod Pathol 2006;19(12):1638-45. PMID: 17013373.

IF tryptase (a) healthy control (b) IBS patient



“Mastocytic enterocolitis”

• Adult pts with chronic intractable diarrhea

• No apparent cause after exclusion of IBS, IBD, celiac disease, microscopic colitis, chronic infections, idiopathic secretory
diarrhea

• Colonic / duodenal biopsies normal on HE

• ↑ mast cell numbers on tryptase stain (i.e. > 20 / HPF) in 70% of such pts

• 2/3rd of these pts respond to antihistaminica / mast cell stabilizers

IHC tryptase, x100 IHC tryptase, x400



Mast cell activation syndrome (1) 

• Chronic multisystem disorder of abnormal mast cell activation, leading to inflammatory & allergic symptoms

• GI manifestations are common & may be refractory to standard therapy (DDx Irritable Bowel Syndrome)

• Due to mutations of mast cell regulatory genes ? 

• GI biopsies: “only modest” ↑ in mast cell nrs (> 50 / HPF ?), no clustering, no abnormal morphology

• Bone marrow normal

• Diagnosis: 

• MAJOR : Symptoms in 2 or more systems

• MINOR:

• Elevated mast cell mediators in blood &/ urine

• Clinical improvement upon mast cell-directed R/ (antihistaminica / mast cell stabilizers)

• ≥ 20 MCs / HPF in extracutaneous tissues (luminal GI tract, bladder)



Mast cell activation syndrome (2) 

(a) MCAS, HE, x100 : normal
(b) MCAS, ICH c-kit, x 100 : > 50 MCs / HPF
(c) Healthy control, ICH c-kit, x 100 : 10 MCs / HPF



Pathologists’ problems !

• Mast cells are an important component of the GI mucosa
• MC “abnormalities” have been documented in several inflammatory / functional disorders with / without 

GI symptoms
• Pathologists may feel that they should evaluate GI biopsies for MCs

• based on the presence of an abnormal cell infiltrate
• based on the clinical presentation

• Clinicians request MC quantification more often than in the past

QUESTIONS
1. How can we identify mast cells ?

2. How should we count mast cells ?
3. What are the normal mast cell numbers ?

4. When is it useful to report mast cell counts ?



How can we identify mast cells ?

• Metachromatic dyes (Giemsa stain, Wright’s stain, toluidine blue stain)
>< accurate detection requires visualisation at high magnification (x1000)
>< accuracy depends on # of granules; partly degranulated MCs may be classified as eosinophils

• IHC for MC proteases
• Tryptase = universal MC component
• Chymase ≠ universal : often low amount / none in GI MCs

• IHC for CD117 (c-kit)
• Receptor in the MC cell membrane
• Also present in interstitial cells of Cajal and endothelial cells

• C-kit stain is “cleaner” than tryptase, but less specific
• A “dirty” tryptase stain may indicate MC degranulation (??)

IHC for (a) c-kit, (b) tryptase. x200



How should we count mast cells ?

• Avoid crushed / twisted sections
• Evaluate at low magnification (40x – 100x):

• Select a properly oriented area (no tangential sections)
• Only in the mucosa:

• Not in the esophageal lamina propria
• Not in the muscularis mucosae
• Not in the submucosa

• Evaluate at intermediate magnification (200x):
• MC clusters / variable MC density ?

• If no MC clusters & evenly distributed:
• Count MCs in a set of adjacent, non-overlapping HPFs (400x)
• Round / “elongated” cells; no loose granules; no non-nucleated cell fragments
• Report as peak value / average in 3-5 HPFs
• Report as MC number / mm2 (every pathologist must do his own conversion) 





What are the normal mast cell numbers ? (same ref)

“IN GENERAL, COUNTS GREATER THAN 30 MAST CELLS PER HPF ARE UNUSUAL”



When is it useful to report mast cell numbers ? (1)

• Mast cell activation syndrome :
• ≥ 20 MCs / HPF in GI biopsies is a minor diagnostic criterion
• This threshold was proposed without peer-reviewed evidence
• Has not been validated in any controlled studies to date, e.g. : 

• Hamilton MJ, Hornick JL, Akin C, et al. J Allergy Clin Immunol 2011;128(1):147-152. PMID: 21621255
• Hamilton MJ, Zhao M, Giannetti MP, et al. Am J Surg Pathol 2021;45(7):997-1004. PMID: 33481382

• Chronic diarrhea without identifiable cause, aka “mastocytic enterocolitis”, aka “allergic mastocytic
gastroenteritis / colitis:

• ≥ 20 MCs / HPF in GI biopsies is proposed as a diagnostic criterion
• Jakate S, Demeo M, John R, et al. Arch Pathol Lab Med 2006;130(3):362-7. PMID: 16519565
• Akhavein M A, Patel NR, Muniyappa PK, et al. Gastroenterol Res Pract 2012;2012:950582. PMID: 

22577375
• However threshold values may depend on the stain used (c-kit IHC more sensitive than tryptase IHC)



When is it useful to report mast cell numbers ? (2)

• Various inflammatory conditions (Hp gastritis, bile reflux gastropathy, peptic duodenitis, celiac disease, IBD, 
microscopic colitis, parasitic infections, eosinophilic gastroenteritis, IBS):

• ↑ MC numbers when compared with healthy controls
• However, large differences in MC counts between normal GI segments
• However, no significant differences in MC counts between pts and healthy controls in at least 3 studies:

• Hahn HP, Hornick JL. Am J Surg Pathol 2007;31(11):1669-76. PMID: 18059223
• Doyle LA, Sepehr GJ, Hamilton MJ, et al. Am J Surg Pathol 2014 Jun;38(6):832-43. PMID: 24618605
• Sethi A, Jain D, Roland BC, et al. Arch Pathol Lab Med 2015;139(2):225-32. PMID: 25611105

EVALUATE GI BIOPSIES FOR MAST CELLS ONLY IN THE CONTEXT OF

POSSIBLE / KNOWN SYSTEMIC MASTOCYTOSIS
• TO RULE OUT THIS DISEASE WHEN THERE IS AN ABNORMAL INFLAMMATORY INFILTRATE ON H&E

• TO CONFIRM GI INVOLVEMENT IN PATIENTS WITH KNOWN SYSTEMIC MASTOCYTOSIS 



Hemasphere. 2021 Oct 13;5(11):e646. PMID: 34901755



Systemic mastocytosis
=

a NEOPLASTIC mast cell disorder
diagnosed on the basis of major & minor criteria



Systemic mastocytosis (1)

• Several symptoms:
• Due to organ infiltration by neoplastic mast cells (bone marrow, skin, liver, spleen, 

lymph nodes, GI tract)
• Due to mediator release from the neoplastic mast cells

• GI symptoms are common (60-80% of pts) & often severe:
• Most often due to mediator release

• Nausea, vomiting, bloating, cramping, diarrhea, peptic ulcers
• Less commonly due to organ infiltration

• GI tract : Malabsorption, weight loss, colonic ulcers ~ Crohn’s disease
• Hepatomegaly, splenomegaly, portal hypertension, ascites



Systemic mastocytosis (2)

• Many systemic mastocytosis pts do not undergo GI endoscopy
• Reasons for endoscopy:

• Severe GI complaints
• Attempt to diagnose SM when bone marrow trephine biopsy negative

• Doyle LA, Sepehr GJ, Hamilton MJ, et al. Am J Surg Pathol 2014;38(6):832-43
• Most commonly involved: ileum (86%), colon (81%), duodenum (67%), stomach

(35%)
• Endoscopic aspect:

• Normal in 30-40%
• Non-specific abnormalities (nodularity, loss of folds, erythema, erosions) in 

60% 
• Multiple biopsies necessary to increase detection rate



Systemic mastocytosis (3)

• Look for:
• (Tiny) clusters / sheets of round / ovoid / spindled, pale cells
• Predominantly in a subepithelial position
• ! May be admixed with / obscured by huge numbers of eosinophils !

• Perform IHC:
• For detection of mast cells:

• C-kit = sensitive, but not specific
• Tryptase = more specific, but less sensitive

• Expression of CD25 = a hallmark of “mast cell atypia” 
• CD2 is less useful (not always present in neoplastic MCs)
• CD30 is less useful (not always present in aggressive disease)



(D) Tryptase, (E) c-kit, (F) CD25 (all 400x)



Shih AR, Deshpande V, Ferry JA, Zukerberg L. Clinicopathological characteristics of systemic mastocytosis in 
the intestine. Histopathology 2016;69(6):1021-1027. PMID: 27391777.

(C) CD25, (D) c-kit (C) CD25, (D) c-kit, (E) tryptase, (F) Giemsa



MAST CELL DISORDERS OF THE GI TRACT
-

Conclusions, recommendations

• DON’T systematically stain for MCs in (chronic) inflammatory GI diseases / functional disorders
• If you are requested to do this by your clinicians:

• Comment on the inherent limitations (sampling, biopsy orientation)
• Make a statement on the uncertainty of this approach (threshholds, overlapping ranges)
• Mention the relevant pathology literature
• Stain for c-kit & / tryptase
• Count in a systematic way
• Report peak values & means (in 3-5 HPFs) expressed as MC numbers / mm2

• (determine normal values in your own population ???)
• Our only REALLY IMPORTANT contribution is in the diagnosis of SYSTEMIC MASTOCYTOSIS

• Take the initiative to stain, even if there is no clinical suspicion



QUESTIONS ?


