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Chapter 4

ABSTRACT

Background: Currently, measurement of serum tryptase level is the most commonly used test 

to estimate the need for bone marrow biopsy in patients suspected to have indolent systemic 

mastocytosis (ISM). Yet tryptase levels do not solely reflect the mast cell load and can be 

elevated by overweight, older age, and impaired renal function. The influence of these factors 

on urinary methylhistamine (MH) and methylimidazole acetic acid (MIMA) is still unknown.

Objective: We investigated the impact of age, body mass index (BMI), and kidney function on 

the diagnostic accuracy of tryptase, MH, and MIMA to select the most optimal test indicating 

the necessity of a bone marrow biopsy in ISM-suspected patients.

Methods: Retrospective data analysis of all adults in whom bone marrow investigations were 

performed because of high clinical suspicion and/or elevated tryptase, MH, or MIMA.

Results: 194 subjects were included. ISM was present in 112 and absent in 82 subjects (non-

ISM). Tryptase was elevated by age and body weight in non-ISM subjects and by BMI in ISM 

subjects; however, these factors did not influence MH or MIMA. In the total study population, 

the diagnostic accuracy of tryptase, MH, and MIMA were comparable (area under the curve 

0.80, 0.80, and 0.83). In subjects > 50 years with a BMI > 25 kg/m2, the diagnostic accuracy of 

MIMA was higher compared with that of tryptase (area under the curve 0.93 vs. 0.74; P = .011).

Conclusion: In ISM-suspected patients > 50 years with a BMI of > 25 kg/m2, MIMA has a greater 

value compared with tryptase in estimating the need for bone marrow biopsy.
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INTRODUCTION

Indolent systemic mastocytosis (ISM) is the most prevalent form of systemic mastocytosis (SM) 

and is characterized by a clonal proliferation of abnormal mast cells (MC) in 1 or more organ 

system(s) with bone marrow involvement.1 Clinical manifestations result from MC infiltration 

in tissue or release of MC mediators. The gold standard for diagnosis is bone marrow biopsy 

with the appropriate immunohistochemical analysis.1 Currently, measurement of serum 

tryptase is the most commonly used test to estimate the need for bone marrow biopsy, as 

elevated tryptase levels are associated with an increased risk of ISM. However, tryptase levels 

do not solely depend on MC load, and in the general population they are elevated by obesity, 

older age, and a decrease in kidney function.2-5 The extent of the influence of these factors 

on the diagnostic accuracy of tryptase as an estimator of the need for bone marrow biopsy 

to diagnose ISM is still unknown but is of considerable importance, as it is not possible to 

eliminate these factors.

 Less commonly used than serum tryptase are the urinary histamine metabolites 

methylhistamine (MH) and methylimidazole acetic acid (MIMA), which also provide an excellent 

estimation of the need for bone marrow biopsy in patients suspected of ISM.6 Although 

generally equivalent in diagnostic accuracy,6 tryptase and MIMA do not show association,7 

which is underlined by the fact that ISM can be absent despite high tryptase levels if histamine 

metabolites are (near) normal in ISM-suspected subjects without urticaria pigmentosa (UP).8  

The absence of association might be due to a difference in the degradation pathway of histamine 

and tryptase giving rise to a discrepancy in factors influencing these analytes. Tryptase is a 

trypsin-like proteinase produced and released predominantly by MCs,9 while MH and MIMA are 

degradation products of histamine, catalyzed by histamine N-methyltransferase and diamine 

oxidase. MH and MIMA urinary levels depend on the contribution of exogenous histamine 

from food and drinks10,11 and on the activity of the enzymes histamine N-methyltransferase 

and diamine oxidase, which are influenced by genetic polymorphisms,12 alcohol,11,13,14 and 

drugs.11 Therefore, subjects must be asked to refrain from use of these products before sample 

collection of urine.

 We aimed to find a pragmatic diagnostic strategy using widely available techniques, which 

would reliably discriminate subjects suspected of ISM who need a bone marrow biopsy from 

those who do not. We evaluated the influence of age, body mass index (BMI), and kidney 

function on the levels of serum tryptase and urinary MH and MIMA and bone marrow MC 

number in an ISM and a non-ISM population. Furthermore, the diagnostic accuracy of serum 

tryptase and urinary MH and MIMA for the diagnosis of ISM by bone marrow examination was 

studied.
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METHODS

Subjects
Data from 194 consecutive adult subjects who underwent bone marrow procedures including 

immunophenotyping to establish the diagnosis of SM were analyzed. In general, these 

procedures were performed based on clinical suspicion of SM, in most cases combined with a 

tryptase level > 11.4 μg/L (upper 95th percentile for healthy individuals), and/or MH excretion 

> 154 μmol/mol creatinine, and/or MIMA excretion > 1.9 mmol/mol creatinine. Bone marrow 

biopsy and tryptase, MH, and MIMA sampling were done on the same day, except for 14, 11, 

and 13 subjects, respectively. Only in 1 subject, the interval was > 1 year, but clinical symptoms 

remained unchanged.

 The diagnosis of ISM was established according to the World Health Organization criteria.15 

Patients were excluded from the study if they had: a) aggressive forms of SM; b) presence 

of urticaria pigmentosa (UP) without ISM; c) insufficient cytological or histological bone 

marrow data to exclude the possibility of SM with certainty; d) renal failure (serum creatinine 

> 120 μmol/L). Absence of UP in non-ISM subjects was important for group homogeneity and 

was established by the attending physician. In ISM subjects, UP was established or excluded by 

clinical examination by an experienced dermatologist and histological examination of a biopsy 

of a suspected skin lesion.

 The Medical Ethical Review Board of the University Medical Center Groningen declared that 

the study has been done in accordance with regulations of the review board for publication of 

subject data.

Biochemical markers
Tryptase assay
Serum tryptase levels were determined with the B12 assay,16 using ImmunoCAP Tryptase 

reagents and the Phadia 250 analysis device (Thermo Fisher Scientific, Uppsala, Sweden). 

Reference values for healthy individuals are those reported by Phadia, showing a geometric 

mean level of 3.8 μg/L and an upper 95th percentile of 11.4 μg/L. The inter-assay analytical 

coefficient of variation in our laboratory is 5.8%. Tryptase concentrations > 10 μg/L were 

verified for interference by heterophilic antibodies.17 These antibodies were found in 3 non-

ISMs; in these subjects, the corrected tryptase concentrations were used.

Histamine metabolite assays
To measure MH and MIMA, urine samples were collected after an overnight fast, discarding 

the first voiding after wakening. Subjects were asked to refrain from histamine-rich foods 

and drinks (e.g., sauerkraut, canned fish, yogurt, and wine) during the 24 hours before 

urine collection. Levels of MH and MIMA were determined by an isotope-dilution mass 

fragmentographic method, as described previously.18-21 The normal values for MH and MIMA 
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excretion in urine collected after an overnight fast have been established in a previous study 

in a healthy population without performing bone marrow investigations.22  The mean ± SD 

values (ranges) are 101 ± 33 (50–154) μmol/mol creatinine and 1.3 ± 0.3 (0.9–1.9) mmol/mol 

creatinine, respectively. The inter-assay analytical coefficient of variation in our laboratory is 

6.8% for MH and 4.2% for MIMA.

Bone marrow samples
Bone marrow biopsies were taken from the iliac crest by an experienced hematologist using the 

Jamshidi technique. To classify a bone marrow trephine biopsy negative for the presence of the 

histological major criterion of multifocal clusters or cohesive aggregates/infiltrates of >15 MCs, 

a minimum length of 20-mm bone marrow had to be examined. In case of doubt, multiple 

deeper sections were made. Formalin-fixed paraffin-embedded bone marrow samples were 

stained by hematoxylin and eosin and by Giemsa. Immunohistochemistry (for tryptase and 

CD117), performed on 3-μm-thick tissue sections using a Nexes or Benchmark Ultra automated 

immunostainer (Ventana Medical Systems, Tucson, Ariz), using primary antibodies anti-MC 

tryptase, clone AA1 (DakoCytomation, Glostrup, Denmark) and affinity-isolated polyclonal 

rabbit anti-human CD117 (DakoCytomation). Bone marrow aspirates were recovered in EDTA, 

and smears were stained for May-Grünwald-Giemsa and toluidine blue. MCs were analyzed 

outside the marrow particles, and atypical morphology was recorded.

Immunophenotyping
For bone marrow MC immunophenotyping, 300,000 events were analyzed using 4-color 

staining with CD45-peridin-chlorophyl protein/cyanine 5.5, CD117-allophycocyanine, CD2-

phycoerythrin, and CD25-fluorescein isothiocyanate (all from BD Biosciences, San Jose, Calif ). 

Expression of CD2 and CD25 was measured on CD45-positive/bright CD117-positive MCs with 

the isotype pattern used as control. The results were analyzed on a FACSCalibur flow cytometer 

(BD Biosciences) using WinList 5.0 software (Verity Software House, Inc, Topsham, Me).

c-KIT mutation analysis
To detect the KIT D816V mutation, RNA was initially isolated from EDTA-anticoagulated 

bone marrow cells with the QIAamp RNA Blood Mini Kit (QIAGEN, Westburg, Leusden, The 

Netherlands). C-DNA was synthesized using the Promega reverse transcriptase kit (Promega 

Benelux, Leiden, The Netherlands) and amplified using previously described primers.23,24 

The resulting 346-bp PCR product was digested with Hae III en Hinf I (BioLabs, Westburg, 

Leusden, The Netherlands) to detect the wild type and the D816V mutation by agarose gel 

electrophoresis. From December 2007, detection of the KIT D816V mutation was performed with 

a real-time PCR test using previously described primers 5’-TTGTGATTTTGGTCTAGCCAGACT-

3’and 5’-GTGCCATCCACTTCACAGGTAG-3’.25
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Evaluation of diagnostic accuracy of tryptase, MH, and MIMA for ISM
The influence of age, BMI, and kidney function on the levels of serum tryptase, urinary MH and 

MIMA, and number of bone marrow MCs was evaluated in the ISM population and control non-

ISM population. The diagnostic accuracy of tryptase, MH, and MIMA for the diagnosis of ISM by 

bone marrow examination was evaluated in the total study population, in subpopulations with 

age > 50 years, BMI > 25 kg/m2 (definition of overweight), serum creatinine level lower than 

75 μmol/L for females and 90 μmol/L for males, and in combined subpopulations.

Statistical methods
Statistical analysis was performed with PASW Statistics 18 (SPSS, Chicago, Ill). Subjects were 

categorized into positive or negative for ISM by the outcome of bone marrow histology and the 

additional minor criteria set by the World Health Organization. Group differences were tested 

using the independent samples t-test and Mann-Whitney U-test. Percentages were compared 

using the χ2 test. Pearson and Spearman correlation coefficients were used as appropriate to 

analyze the relationship between tryptase, histamine metabolites, MC number, and subject 

characteristics. Predictor analysis for tryptase, MH, and MIMA was performed using univariate 

and multivariate linear regression with conditional stepwise backward exclusion of variables 

that had a P value ≤ .30 in univariate analysis. The probability of P for stepwise removal was 

.10. Tryptase, MH and MIMA concentrations, and MC numbers were log transformed before 

being entered into the equation in order to normalize the distribution of residuals. Receiver 

operator characteristic (ROC) curves were constructed with Analyse-It (Analyse-It Software, 

Leeds, United Kingdom) to examine the diagnostic value of each analyte. Areas under the 

curve (AUC) < 0.70 were interpreted as poor accuracy, 0.70 < AUC < 0.90 as moderate accuracy, 

and AUC > 0.90 as high accuracy.26 P values < .05 were considered to be statistically significant.

RESULTS

An overview of the clinical and biochemical characteristics of the 194 subjects included in 

the study is given in Table 1. ISM was present in 112 subjects, of whom 79 had UP. Subjects 

with ISM were heavier and taller than those without ISM (78.7 vs. 73.7 kg; P = .020; and 

1.73 vs. 1.70 meter; P = .017). ISM subjects with UP were younger than ISM subjects without UP 

(46.5 vs. 55.6 years of age; P < .001).
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Table 1 | Clinical and biochemical characteristics of subjects with and without indolent systemic 
mastocytosis.

Non-ISM
n = 82

ISM
n = 112 P value

UP (n, %) 0 (0%) 79 (71%) .000

Male, n (%) 21 (26%) 43 (38%) .066

Age (years) 49.6 ± 13.9 49.1 ± 12.1 .806

Body weight (kg) 73.7 ± 16.5 78.7 ± 15.0 .020

Height (m) 1.70 ± 0.09 1.73 ± 0.10 .017

BMI (kg/m2) 25.5 ± 4.9 26.2 ± 4.5 .244

MC number (‰) 0.3 (< 0.1–0.6) 1.8 (0.8–3.3) .000

Creatinine (μmol/L) 74 ± 14.3 76 ± 13.2 .185

CD2 pos (n/n; %) 0/79 (0%) 98/110 (89%) .000

CD25 pos (n/n; %) 0/78 (0%) 111/112 (99%) .000

D816V pos (n/n; %) 0/80 (0%) 93/101 (87%) .000

Tryptase (μg/L) 12 (4–18) 23 (15–40) .000

MH (μmol/mol creatinine) 124 (83–198) 226 (162–377) .000

MIMA (mmol/mol creatinine) 1.5 (1.2–2.0) 2.7 (2.1–4.5) .000

Mean ± SD or median (interquartile ranges).
MC number, mast cell number counted by flow cytometry.

Non-ISM subjects (n = 82)
Clinical suspicion of SM in non-ISM subjects was based on insect anaphylaxis (n = 17), flushing 

or similar complaints (n = 24), osteoporosis or other bone pathology (except for the C-finding 

of osteolysis) (n = 12), and other symptoms or signs (n = 29). Of the non-ISM subjects, 41 had 

tryptase > 11.4 μg/L, of whom 30 had normal MH and MIMA levels; 16 subjects showed tryptase 

levels > 20.0 μg/L, of whom 11 had normal MH and MIMA levels. In the total non-ISM group, 

25 subjects showed MH > 154 μmol/mol creatinine and 23 MIMA > 1.9 mmol/mol creatinine.

 Tryptase correlated positively with MC number in bone marrow aspirates, age, and BMI and 

inversely with MH (Table 2). The inverse correlation between tryptase and MH disappeared 

after excluding subjects with tryptase ≤ 11.4 μg/L. MIMA correlated positively with MH, MC 

number, and age and inversely with height. 

 Multivariate analysis showed that tryptase was independently related to MC number 

(regression coefficient: 0.142; 95% CI: 0.010–0.274), age (0.008; 0.002–0.013) and body weight 

(0.005; 0.001–0.009); MH was independently related to serum creatinine (-0.005; -0.009 to 

-0.001) and MIMA to height (-0.001; -0.001 to -0.000) (Table 3). Age was not related to MC 

number in univariate analysis (P = .33).
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Table 2 | Correlations in subjects with and without indolent systemic mastocytosis.

Tryptase MH MIMA MC 
number

Serum 
creatinine

Age Height Body 
weight

Non-ISM

MH -.256 *

MIMA -.137 .587 **

MC number .255 * .028 .261 *

Serum 
creatinine

.195 -.234 * -.184 .133

Age .303 ** -.054 .255 * .091 .093

Height .163 -.206 -.357 * -.044 .364 ** -.162

Body weight .195 -.216 -.217 -.028 .305 ** -.025 .536 **

BMI .220 * -.164 -.065 .029 .146 .066 .049 .862 **

ISM

MH .597 **

MIMA .662 ** .797 **

MC number .572 ** .464 ** .487 **

Serum 
creatinine

.167 -.094 -.161 .272 **

Age .091 -.021 .131 .182 .039

Height -.067 -.224 * -.248 ** .138 .414 ** -.260 **

Body weight .073 -.153 -.120 -.045 .244 ** -.064 .492 **

BMI .104 -.057 .016 -.121 -.003 090 -.119 .801 **

* P < .05; ** P < .01
MC number, mast cell number counted by flow cytometry.

ISM subjects (n = 112)
The minor diagnostic criterion of tryptase > 20.0 μg/L was only necessary to diagnose ISM in 

3 subjects. Fifty subjects with ISM had tryptase levels ≤ 20.0 μg/L, of whom 7 subjects had both 

normal MH and MIMA levels; 12 subjects had tryptase ≤ 11.4 μg/L of whom 2 had both normal 

MH and MIMA levels. In the total ISM group, 24 subjects had MH ≤ 154 μmol/mol creatinine 

and 24 MIMA ≤ 1.9 mmol/mol creatinine.

 Tryptase, MH, MIMA, and MC number showed interrelationships (Table 2). Furthermore, 

MH and MIMA correlated inversely with height. Notably, correlations were different in subjects 

with UP compared with subjects without UP. While in subjects with UP, MC number correlated 

with tryptase (P = .640), MH (P = .507), and MIMA (P = .521), in subjects without UP, the MC 

number only correlated with MIMA (P = .366).
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Multivariate analysis showed that tryptase was independently related to MC number 

(regression coefficient: 0.443; 95% CI: 0.331–0.555) and BMI (0.016; 0.004–0.027); and MH to 

MC number (0.263; 0.169–0.357) and height (-0.001; -0.001 to -0.000); and MIMA to MC number 

(0.279; 0.198–0.360), height (-0.001; -0.011 to -0.000), and serum creatinine (-0.003; -0.007 to 

-0.000) (Table 3). Notably, in ISM subjects, UP did not influence levels of tryptase, MH, or MIMA 

(P = .574, .293, and .584, respectively) (Table 3).

 

ROC analyses
ROC analyses were performed to evaluate the sensitivity and specificity of tryptase, MH, and 

MIMA in order to discriminate between subjects with and without ISM. AUC of these analytes 

did not differ in the whole group (0.80 [95% CI: 0.74–0.86], 0.80 [0.74–0.86], and 0.83 [0.78–0.89], 

respectively). The level with the highest combination of sensitivity and specificity was 16.0 μg/L 

for tryptase (sensitivity 73%, specificity 69%), 154 μmol/mol creatinine for MH (sensitivity 79%, 

specificity 69%), and 2.0 mmol/mol creatinine for MIMA (sensitivity 76%, specificity 77%).

As we confirmed the reported influence of age and BMI on tryptase, we determined the 

diagnostic accuracy of tryptase, MH, and MIMA for subjects divided into different categories as 

described in the method section. The analytes showed similar diagnostic accuracy in subjects 

> 50 years of age (AUC tryptase 0.75 [0.65–0.85]; MH 0.78 [0.69–0.88]; MIMA 0.83 [0.74–0.91]), 

and in subjects with BMI > 25 kg/m2 (AUC tryptase 0.79 [0.71–0.88]; MH 0.85 [0.77–0.93]; MIMA 

0.90 [0.83–0.96]). However, in the category > 50 years of age and BMI > 25 kg/m2, the AUC of 

MIMA (0.93; 95% CI: 0.86–1.00) was higher than that of tryptase (0.74; 0.61–0.87; P = .011) (Figure 

1). The MIMA level with the highest combination of sensitivity and specificity in this category 

was 1.9 mmol/mol creatinine (sensitivity 91%, specificity 83%). No significant difference in AUC 

was found between tryptase and MH (0.86; 0.75–0.96; P = .188) and between MH and MIMA 

(P = .126) in this category. A comparison of tryptase, MH, and MIMA levels between subjects 

≤ 50 years of age and/or BMI ≤ 50 kg/m2 and subjects > 50 years of age and BMI > 25 kg/m2 

is provided in Table 4. Tryptase levels were higher in non-ISM subjects > 50 years of age and 

BMI > 25 kg/m2 compared with non-ISM subjects ≤ 50 years of age and/or BMI ≤ 25 kg/m2 

(6.4 vs. 15.6 μg/L; P = .049). In all other categories, including the category of subjects aged ≤ 

50 years and BMI ≤ 25 kg/m2, AUC did not differ for tryptase (0.86; 0.75–0.96) and MH (0.80; 

0.68–0.93; P = .366), tryptase and MIMA (0.83; 0.71–0.95; P = .614), or MH and MIMA (P = .513). 

Also, ROC analyses for tryptase, MH, and MIMA performed in categories of subjects divided 

according to serum creatinine level did not show statistical differences.
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Table 3 | Univariate and multivariate linear regression analysis for serum tryptase and urinary 
methylhistamine and methylimidazole acetic acid in subjects with and without indolent systemic 
mastocytosis.

Univariate analysis Multivariate analysis

B 95% CI P value B 95% CI P value

Tryptase

Non-ISM

MC number .150 .010–.290 .036 .142 .010–.274 .036

Age .008 .003–.013 .004 .008 .002–.013 .005

Height .004 -.004–.013 .321 **

Body weight .005 .000–.009 .047 .005 .001–.009 .025

BMI .014 -.002–.030 .088 *

Serum creatinine .004 -.002–.009 .178 *

Gender -.168 -.344–.007 .060 *

ISM

MC number .427 .314–.540 .000 .443 .331–.555 .000

Age .004 -.002–.009 .175 *

Height -.003 -.010–.003 .315 **

Body weight .001 -.003–.006 .580 **

BMI . 010 -.004–.025 .171 .016 .004–.027 .011

Serum creatinine .003 -,002–.008 .203 *

Gender -.103 -.237–.031 .131 *

UP .041 -.104–.187 .574 **

MH

Non-ISM

MC number -.006 -.101–.088 .892 **

Age -.001 -.005–.002 .494 **

Height -.001 -.011–.000 .065 *

Body weight -.003 -.006–.000 .078 *

BMI -.005 -.016–.006 .362 **

Serum creatinine -.004 -.008– -.001 .015 -.005 -.009– -.001 .022

Gender .070 -.047–.187 .235 *

ISM

MC number .240 .142–.338 .000 .263 .169–.357 .000

Age .001 -.003–.006 .544 **

Height -.007 -.012– -.002 .009 -.001 -.001–.000 .000

Body weight -.004 -.007–.000 .026 *

BMI -.004 -.016–.007 .469 **

Serum creatinine -.002 -.006–.002 .225 *

Gender .006 -.100–.111 .915 **

UP .060 -.053–.173 .293 *
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Univariate analysis Multivariate analysis

B 95% CI P value B 95% CI P value

MIMA

Non-ISM

MC number .058 -.012–.128 .105 *

Age .003 .000–.006 .025 *

Height -.005 -.010– -.001 .016 -.001 -.001–.000 .019

Body weight -.002 -.004–.001 .119 *

BMI -.002 -.010–.006 .617 **

Serum creatinine -.002 -.005–.001 .172 *

Gender .053 -.039–.145 .253 *

ISM

MC number .241 .155–.327 .000 .279 .198–.360 .000

Age .004 .000–.008 .046 *

Height -.007 -.012– -.003 .003 -.001 -.011–.000 .002

Body weight -.003 -.006–.000 .079 *

BMI .000 -.010–.011 .953 **

Serum creatinine -.003 -.007–.000 .070 -.003 -.007–.000 .036

Gender .015 -.080–.110 .753 **

UP .028 -.074–.130 .584 **

B, coefficient (slope); MC number, mast cell number counted by flow cytometry.
Adjusted R2 for ISM versus non-ISM were: tryptase 0.374 resp. 0.195; MH 0.268 resp. 0.084; MIMA 0.362 resp. 0.158. 
*The variable was not selected during multivariate regression analysis. 
**The variable was not tested in multivariate regression analysis because of a P value > .30 in univariate regression analysis.

Table 4 | Serum tryptase and urinary methylhistamine and methylimidazole acetic acid levels in 
subjects ≤ 50 years and/or BMI ≤ 25 kg/m2 and subjects > 50 years and BMI > 25 kg/m2.

Subjects (n = 138)
≤ 50 years and/or 

BMI ≤ 25 kg/m2

Subjects (n = 56)
> 50 years and 
BMI > 25 kg/m2

P value

Tryptase (µg/L)*

Non-ISM 6.4 [1.6–32.6] (3.5–16.8) 15.6 [3.5–42.6] (6.5–21.2) .049

ISM 21.7 [4.6–169.0] (15.2–39.1) 22.6 [8.8–296.0] (16.5–46.4) 1.000

MH (μmol/mol creatinine)*

Non-ISM 133 [39–322] (87–217) 115 [56–383] (72–171) .621

ISM 231 [76–1077] (160–433) 208 [77–2554] (176–346) .678

MIMA (mmol/mol creatinine)*

Non-ISM 1.6 [0.5–6.4] (1.2–2.2) 1.6 [1.0–3.7] (1.3–1.8) .801

ISM 2.7 [0.5–10.7] (2.0–4.2) 3.2 [1.4–21.6] (2.4–4.5) .341

*Median [ranges] (interquartile ranges)
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Figure 1 | ROC curves for serum tryptase, urinary MH and MIMA to assess the risk of ISM in the overall 
study population A), subjects aged > 50 years B), subjects with BMI > 25 kg/m2 C), and subjects aged 
> 50 years with BMI > 25 kg/m2 D).
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DISCUSSION

This is the first study to investigate the clinical impact of age, BMI, and renal function on the 

diagnostic accuracy of tryptase, MH, and MIMA in the diagnosis of ISM confirmed by bone 

marrow analysis. Our results demonstrate that urinary MIMA allows a more accurate estimation 

of the need for bone marrow biopsy than serum tryptase and urinary MH in overweight subjects 

> 50 years of age (AUC 0.93 vs. 0.74, respectively). Furthermore, an equal accuracy was found 

for tryptase, MH, and MIMA in the overall ISM-suspected population as well as in younger and/

or slender patient categories and in subjects with increased serum creatinine. The relevance 

of this finding is important, as overweight is a growing problem, and even currently, subjects 

with overweight and > 50 years of age represent a relatively large group of subjects with ISM, 

comprising about 30% of our total study population. Another important finding is that UP 

did not influence levels of tryptase, MH, or MIMA in patients with ISM, suggesting that the 

contribution of tryptase and histamine from UP lesions is not significant to their total amount.

 As most clinicians currently are accustomed to using tryptase as a first indicator of ISM, 

the diagnostic value of MH and MIMA when tryptase levels are generally considered to be 

normal (≤ 11.4 μg/L), raised (11.4–20.0 μg/L), or markedly raised (> 20.0 μg/L) is also of interest. 

Twelve out of 112 ISM subjects (10.7%) showed tryptase ≤ 11.4 μg/L, of whom only 2 had 

normal MH and MIMA levels, and 50 out of 112 (44.6%) ISM subjects showed tryptase levels 

≤ 20.0 μg/L, of whom only 7 had normal MH and MIMA levels. In non-ISM subjects, 41 out of 

82 (50.0%) showed tryptase levels > 11.4 μg/L, of whom 30 had normal MH and MIMA levels, 

and 16 subjects (19.5%) showed tryptase levels > 20.0 μg/L, of whom 11 had normal MH and 

MIMA levels. The number of subjects with ISM when tryptase levels are ≤ 11.4 μg/L and non-

ISM when tryptase levels are > 20.0 μg/L does not, however, allow us to perform reliable sub-

analyses using ROC curves. This issue remains a topic of interest for future analysis.

 A previous study in a general population displayed >30% higher median tryptase values 

in individuals of > 50 years of age compared with those of younger adults.3 Because this effect 

was independent of renal dysfunction (glomerular filtration rate < 60 mL/min/1.73 m2), an 

increased MC mass with aging was suggested to be the underlying cause. Although we also 

found a dependence of tryptase on age in subjects without ISM, we could not find a relation 

between age and MC number in bone marrow as measured by flow cytometry, suggesting 

another cause for the elevation. The relation between tryptase and age may be explained 

by the decline in renal function with aging, because a decrease in kidney function can 

elevate tryptase levels.27 We can only hypothesize this is a likely explanation, as we could not 

demonstrate a relation between tryptase and kidney function due to the methodological 

limitation of using serum creatinine as a reflection of kidney function. Interestingly, MH and 

MIMA were not influenced by age in multivariate analysis.

 Obese individuals in the general population have been described to have higher basal 

serum tryptase concentrations compared with individuals without this condition.3,4 In line 
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with this report, white adipose tissue from obese humans and mice contains more MCs than 

that from their lean counterparts.2 In mice on a “western” diet, genetically induced deficiency 

or pharmacological stabilization of MCs reduced body weight gain, suggesting that MCs 

contribute to diet-induced obesity.2 In accordance with these reports, we found that tryptase 

increases with increasing body weight in subjects without ISM and with increasing BMI in 

subjects with ISM. Remarkably, ISM subjects did not have a higher BMI compared to non-ISM 

subjects. Apparently, the abnormal MCs in ISM do not exhibit a weight-gaining effect.

 Before sampling urine for MH and MIMA, we asked patients to refrain from consuming 

histamine-rich products known to influence histamine metabolite levels.10,11,13,14 An earlier 

report comparing tryptase and MH using radioimmunoassay in subjects with suspected 

mastocytosis concluded that tryptase is a more solid discriminator than MH.28 However, it 

should be noted that a radioimmunoassay is less specific than mass spectrometry, due to a 

false-positive influence of histamine.20 Although not commercially available at the moment, 

urinary MH and MIMA can easily be determined in laboratories that have gas chromatography 

and mass spectrometry facilities at their disposal.19,20

 In conclusion, urinary MIMA allows a more accurate estimation of the need for bone marrow 

biopsy than serum tryptase and urinary MH in overweight subjects of > 50 years of age and 

shows an equal accuracy to that of tryptase and MH in the overall ISM-suspected population. 

Therefore, we suggest determining MIMA as an indicator of the need for bone marrow biopsy 

in overweight patients of > 50 years of age when ISM is suspected, in order to avoid negative 

bone marrow outcome.

ACKNOWLEDGEMENTS

We thank P. M. Kluin of the department of pathology for critically revising the bone marrow 

biopsies.



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

67

Diminished reliability of tryptase as risk indicator of mastocytosis in older overweight subjects 

4

REFERENCES 

1. Horny HP, Sotlar K, Valent P. Mastocytosis: State 
of the art. Pathobiology 2007; 74: 121-32. 

2. Liu J, Divoux A, Sun J, Zhang J, Clement K, 
Glickman JN, et al. Genetic deficiency and 
pharmacological stabilization of mast cells 
reduce diet-induced obesity and diabetes in 
mice. Nat Med 2009; 15: 940-5. 

3. Gonzalez-Quintela A, Vizcaino L, Gude F, Rey 
J, Meijide L, Fernandez-Merino C, et al. Factors 
influencing serum total tryptase concentrations 
in a general adult population. Clin Chem Lab 
Med 2010; 48: 701-6. 

4. Fenger RV, Linneberg A, Vidal C, Vizcaino L, 
Husemoen LL, Aadahl M, et al. Determinants 
of serum tryptase in a general population: The 
relationship of serum tryptase to obesity and 
asthma. Int Arch Allergy Immunol 2012; 157: 
151-8. 

5. Schliemann S, Seyfarth F, Hipler UC, Elsner P. 
Impact of age and heterophilic interference 
on the basal serum tryptase, a risk indication 
for anaphylaxis, in 1,092 dermatology patients. 
Acta Derm Venereol 2012; 92: 484-9. 

6. Donker ML, van Doormaal JJ, van Doormaal 
FF, Kluin PM, van der Veer E, de Monchy JG, et 
al. Biochemical markers predictive for bone 
marrow involvement in systemic mastocytosis. 
Haematologica 2008; 93: 120-3. 

7. Granerus G, Lonnqvist B, Roupe G. No 
relationship between histamine release 
measured as metabolite excretion in the urine, 
and serum levels of mast cell specific tryptase 
in mastocytosis. Agents Actions 1994; 41:127-8.

8. van Doormaal JJ, van der Veer E, van Voorst 
Vader PC, Kluin PM, Mulder AB, van der Heide 
S, et al. Tryptase and histamine metabolites 
as diagnostic indicators of indolent systemic 
mastocytosis without skin lesions. Allergy 2012; 
67: 683-90. 

9. Schwartz LB. Clinical utility of tryptase levels 
in systemic mastocytosis and associated 
hematologic disorders. Leuk Res 2001; 25: 553-
62. 

10. Keyzer JJ, Breukelman H, Wolthers BG, van 
den Heuvel M, Kromme N, Berg WC. Urinary 
excretion of histamine and some of its 
metabolites in man: Influence of the diet. 
Agents Actions 1984; 15: 189-94. 

11. Maintz L, Novak N. Histamine and histamine 
intolerance. Am J Clin Nutr 2007; 85: 1185-96. 

12. Garcia-Martin E, Ayuso P, Martinez C, Blanca M, 
Agundez JA. Histamine pharmacogenomics. 
Pharmacogenomics 2009; 10: 867-83. 

13. Chrostek L, Cylwik B, Szmitkowski M. Inter-
actions between ethanol and histamine. Pol 
Merkur Lekarski. 2007; 23: 225-30. 

14. Zimatkin SM, Anichtchik OV. Alcohol-histamine 
interactions. Alcohol Alcohol 1999; 34: 141-7. 

15. Valent P, Horny HP, Escribano L, Longley BJ, Li 
CY, Schwartz LB, et al. Diagnostic criteria and 
classification of mastocytosis: A consensus 
proposal. Leuk Res 2001; 25: 603-25. 

16. Granerus G, Lonnqvist B, Nystrand J, Roupe 
G. Serum tryptase measured with B12 and G5 
antibody-based immunoassays in mastocytosis 
patients and its relation to histamine turnover. 
Br J Dermatol 1998; 139: 858-61. 

17. van Toorenenbergen AW, Hooijkaas H, 
Heerenbrink GK, Dufour-van den Goorbergh 
DM. Heterophilic antibody interference in a 
tryptase immunoassay. Clin Biochem. 2008; 41: 
331-4. 

18. Keyzer JJ, Wolthers BG, Muskiet FA, Kauffman 
HF, Groen A. Determination of N tau-
methylhistamine in plasma and urine by 
isotope dilution mass fragmentography. Clin 
Chim Acta 1981; 13: 165-73. 

19. Keyzer JJ, Wolthers BG, Breukelman H, van der 
Slik W. Determination of N tau-methylhistamine 
in urine by gas chromatography using nitrogen-
phosphorus detection. J Chromatogr. 1983; 
275: 261-9. 

20. Oosting E, Keyzer JJ. Measurement of urinary 
N tau-methylhistamine excretion: Correlation 
of a newly developed radioimmunoassay (RIA) 
with gas chromatography mass spectrometry 
(GCMS). Agents Actions 1991; 33: 215-7. 

21. Keyzer JJ, Wolthers BG, Breukelman H, 
Kauffman HF, de Monchy JG. Determination of 
N tau-methylimidazoleacetic acid (a histamine 
metabolite) in urine by gas chromatography 
using nitrogen-phosphorus detection. Clin 
Chim Acta. 1982; 121: 379-87. 

22. Oosting E, Keyzer JJ, Wolthers BG, Scholtis RJ. 
Age dependent normal values of histamine and 
histamine metabolites in human urine. Agents 
Actions 1988; 23: 307-10. 



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos

68

Chapter 4

23. Nagata H, Worobec AS, Oh CK, Chowdhury BA, 
Tannenbaum S, Suzuki Y, et al. Identification 
of a point mutation in the catalytic domain of 
the protooncogene c-KIT in peripheral blood 
mononuclear cells of patients who have 
mastocytosis with an associated hematologic 
disorder. Proc Natl Acad Sci USA 1995; 92: 
10560-4. 

24. Worobec AS, Semere T, Nagata H, Metcalfe 
DD. Clinical correlates of the presence of the 
Asp816Val c-KIT mutation in the peripheral 
blood mononuclear cells of patients with 
mastocytosis. Cancer 1998; 83: 2120-9. 

25. Lawley W, Hird H, Mallinder P, McKenna S, 
Hargadon B, Murray A, et al. Detection of an 
activating c-KIT mutation by real-time PCR in 
patients with anaphylaxis. Mutat Res 2005; 572: 
1-13. 

26. Swets JA. Measuring the accuracy of diagnostic 
systems. Science 1988; 240: 1285-93. 

27. Sirvent AE, Gonzalez C, Enriquez R, Fernandez J, 
Millan I, Barber X, et al. Serum tryptase levels and 
markers of renal dysfunction in a population 
with chronic kidney disease. J Nephrol. 2010; 
23: 282-90. 

28. van Toorenenbergen AW, Oranje AP. Comparison 
of serum tryptase and urine N-methylhistamine 
in patients with suspected mastocytosis. Clin 
Chim Acta 2005; 359: 72-7. 



Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017Processed on: 8-2-2017

507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos507840-L-bw-Vos




