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Abstract 25 

Background:  26 

In subjects with systemic mastocytosis the number of mast cells is elevated manifold. These 27 

patients frequently suffer unpredictable and recurrent life-threatening mast cell activation 28 

(MCA) events.  29 

Objective:  30 

Our aim was to analyze the derangements of chemokine and cytokine concentrations during 31 

severe MCA attacks  32 

Methods:  33 

Samples from an indolent systemic mastocytosis patient were used for this study. A total of 34 

41 chemokines and cytokines were simultaneously measured in triplicate and at multiple time 35 

points during two severe and two moderate MCA events. These were compared to 3 to 5 36 

baseline samples, taken when clinical symptoms were not present.  37 

Results:  38 

During the severe MCA event, which required 2 days of treatment in the intensive care unit, 39 

peak CCL3, IL-1ra, IL-5, IL-6, IL-10, IL-13 and GM-CSF concentrations were statistically 40 

significantly elevated 29-, 99-, 44-, 280-, 93-, 7- and 6-fold above baseline respectively. A 41 

very similar pattern was observed during the second severe MCA event. In the moderate 42 

MCA event with PCR-proven Influenza A infection, the Th1-associated cytokines INFα, 43 

INFγ and TNFα were only statistically significantly elevated 5- to 7-fold above baseline. The 44 

correlation coefficients between highly elevated histamine and cytokine concentrations during 45 

the acute phase were >95% indicating the same cellular origin, possibly activated mast cells.   46 
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Conclusions: 47 

One of the severe MCA events led to life-threatening symptoms over several days. During 48 

this event, the massive release of Th2 cytokines induced a hyperinflammatory state, fulfilling 49 

recently published criteria for cytokine release syndrome. Administration of IL-6 and IL-5 50 

inhibiting biologicals might significantly shorten the acute phase of severe MCA events, 51 

likely offering significant clinical benefits to mastocytosis patients. 52 
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Key messages 69 

• Massive release of Th2 cytokines induced a life-threatening cytokine release 70 

syndrome during mast cell activation in an indolent systemic mastocytosis patient 71 

• Histamine as a possible driver of massive cytokine release with clinical improvement 72 

after rapid decrease of histamine concentrations, possibly mediated by endogenous 73 

diamine oxidase 74 

• Approved anti-IL-6 and anti-IL-5 biopharmaceuticals like tocilizumab and 75 

mepolizumab, benralizumab or reslizumab might show significant clinical benefits 76 

during severe mast cell activation events.  77 

 78 

Capsule summary:  Extensive mast cell activation leads to massive release of Th2 cytokines 79 

inducing a life-threatening cytokine storm in an indolent systemic mastocytosis patient 80 

 81 

Keywords: mast cell activation, mastocytosis, Th2 cytokines, cytokine storm, cytokine 82 

release syndrome 83 

 84 
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Abbreviations: 86 

BL  =  Baseline  87 

fSBL  =  Functional Small Bowel Length 88 

GM-CSF =  Granulocyte-Macrophage Colony-Stimulating Factor 89 

IL  =  Interleukin 90 

INF  =  Interferon 91 

MC   =  Mast Cell 92 

MCA(S) =  Mast Cell Activation (Syndrome) 93 

PDGF  =  Platelet-derived growth factor 94 

SIRS  =  Systemic Inflammatory Response Syndrome 95 

TNF  =  Tumour Necrosis Factor 96 

TSLP  =  Thymic Stromal Lymphopoietin 97 

VEGF  =  Vascular endothelial growth factor 98 
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Introduction 100 

Primary mast cell activation syndrome (MCAS) or mastocytosis is an orphan disease with an 101 

incidence of approximately 1 in 10000.1 The at least 2- to 10-fold elevated mast cell (MC) 102 

burden renders excessive MC activation (MCA) life-threatening.2,3 Many mastocytosis 103 

patients suffer recurrent MCA attacks.4,5 With the exception of the classical IgE/FcεRI-104 

mediated anaphylaxis, which in many cases leads to a rapid uniphasic clinical course lasting 105 

less than an hour, we have limited knowledge regarding definite underlying MCA trigger 106 

mechanisms. Nevertheless, a second wave of clinical symptoms, or biphasic anaphylaxis, is 107 

seen in 10 to 20% of anaphylaxis cases and this is unlikely to be directly IgE/FcεRI-mediated. 108 

Protracted MCA in mastocytosis patients can last for a few days.6,7 Excessive histamine 109 

release might significantly contribute to clinical symptomatology during protracted MCA, but 110 

is unlikely to be the sole culprit considering the release of many other mediators during MC 111 

degranulation or activation.1,7,8  112 

Mast cells can release many chemokines and cytokines, although the authors caution that 113 

human in vivo data are missing in many cases.8 The cytokines IL-2, IL-6 and IL-10 were 114 

moderately elevated during classical anaphylaxis comparing moderate and severe reactions, as 115 

were tryptase and histamine, but the medium time from exposure to reaction onset was less 116 

than 10 minutes.9 The Th2 cytokines IL-5 and IL-13 were not increased. Pardanani (2013) 117 

showed that indolent systemic mastocytosis patients under non-event conditions had 118 

moderately elevated plasma concentrations of many cytokines compared to healthy controls, 119 

but this might simply reflect the increased MC burden.10 These data are, however, unlikely to 120 

be useful in helping us learn more about the molecular mechanisms driving protracted life-121 

threatening MC activation and consequently finding new treatment options. A comprehensive 122 

characterization of the deranged chemokines and Th1/Th2-associated cytokines during the 123 

acute phase of protracted MCA events lasting many hours, or sometimes even days, has not 124 

Jo
urn

al 
Pre-

pro
of



  Boehm et al. 

 

7 

 

been published. This is true for both mastocytosis and general MCAS patients.  This would be 125 

necessary to propose new therapeutic targets. Currently, glucocorticoids, anti-histamines, 126 

fluid substitution and other symptomatic treatment modalities such as fever or nausea 127 

reduction are the only treatment options. These are frequently unsatisfactory.     128 

 129 

  130 
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Methods 131 

Mastocytosis and mast cell activation events 132 

This 43 year old Caucasian male with no concurrent comorbidities was diagnosed with KIT 133 

D816V positive indolent systemic mastocytosis in 2008. Bone marrow biopsy confirmed 134 

infiltrating MCs staining positive for c-kit, CD25 and tryptase. This patient suffers from 135 

recurrent MCA events once or twice per year. These events follow a similar course, but are of 136 

varying severity. During several events in the past an infectious cause was not diagnosed. 137 

Treatments used during the four events described herein included diphenhydramine, 138 

ranitidine, cetirizine, ondansetron, prednisolone and fluid substitution on admission and then 139 

as needed. A detailed description of the metabolome and lipidome derangements and 140 

medications administered for the most severe event, which occurred in February 2018, was 141 

recently published.7  Briefly, 250 mg of prednisolone was administered on admission and 100 142 

mg prednisolone was administered 7, 14 and 26 hours after admission. Diphenhydramine was 143 

infused on admission (60 mg) and after 7 (30 mg), 9 (30 mg), 18 (30 mg) and 26 (30 mg) 144 

hours. Ten mg cetirizine was administered 7 hours post admission. Raniditine (50 mg) and 145 

ondansetron (8 mg) were administered on admission, and 14 and 26 hours thereafter.  During 146 

the Influenza A PCR-positive event in February 2020 Tamiflu (150 mg) was administered 147 

daily for 5 days.  Under non-event conditions, only the anti-histamine medications cetirizine 148 

and ranitidine are required for the patient to remain almost symptom-free. 149 

Baseline blood samples were obtained during the DAOMAST study, a non-interventional 150 

study based on questionnaires and blood draws which included 43 mastocytosis patients. The 151 

study is briefly described in Boehm (2019).11 The visits used for baseline normalization 152 

occurred in April 2013, September 2013 and March 2014, and the events happened in 153 

November 2014 (N14), June 2015 (J15), February 2018 (F18) and February 2020 (F20). The 154 

patient provided informed consent and was included in the non-interventional anaphylaxis 155 
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clinical study (EC:1018/2015) which was approved by the Ethics Committee of the Medical 156 

University of Vienna. Normal blood pressure and heart rate data were recently published.7 157 

 158 

Multiplex assay 159 

All serum and plasma samples were thawed after freezing and storage at -80°C and tested on 160 

the same microtiter plate using the LKTM010 Human Immunotherapy Magnetic Luminex 161 

Performance Assay (R&D Systems, Bio-Techne, Abingdon, UK). After one thaw/freeze 162 

cycle, the same samples were tested again on the same microtiter plate using a custom-built 163 

Luminex 17-plex kit. The standards were tested in duplicate and all serum and plasma 164 

samples in triplicate. Fluorescence data were measured in a Luminex 200 analyzer and 165 

concentrations calculated in pg/ml using the xPONENT® software Version 3.1.  166 

 167 

Other measurements 168 

Histamine was measured with the state of the art histamine ELISA as described in Boehm 169 

(2019)11, both for baseline concentrations and during the N14 and F18 events. For the J15 and 170 

F20 events the Histamine Dynamic kit was used (cisbio, Perkin Elmer, Austria; Vienna). 171 

Other clinical parameters were measured in the clinical chemistry laboratory of the Vienna 172 

General Hospital using accredited standard methods.  173 

 174 

Statistical Analysis 175 

A subject specific reference distribution for each chemokine/cytokine was calculated using 176 

the singlicate serum cytokine concentrations at Week 0, the mean of the serum and plasma 177 

cytokine concentrations at Week 24 and Week 48 of the DAOMAST study. During all three 178 

visits the patient was asymptomatic. In addition, the 72 hour plasma cytokine concentrations 179 

of the F18 attack were conservatively added. Most chemokines/cytokines returned to baseline 180 
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values 72 hours after admission during the F18 event, reflected in a mean and median ratio of 181 

the baseline values without the 72 hours F18 values to the 72 hours F18 values of 1.009 and 182 

1.00  respectively (Online Repository Table E1). Some values such as CCL20 or IL-6 were 183 

still >3-fold elevated in the F18 72 hour sample compared to baseline, substantially increasing 184 

the variance and the resulting p-values (Online Repository Table E1). In total 2 singlicate 185 

(serum Week 8 and 72 hours F18) and 2 duplicate (mean of serum and plasma Week 24 and 186 

serum and plasma Week 48) baseline values were included to estimate the reference 187 

distribution. For 9 cytokine parameters, serum concentrations were significantly different to 188 

plasma concentrations (Online Repository Table E2) and in these cases only the plasma 189 

cytokine profiles at Week 24, Week 48 and the 72 hour sample of the F18 attack were used. 190 

The fluorescence of all individual serum or plasma samples was measured in triplicate and the 191 

respective mean used for baseline calculations. 192 

For each chemokine/cytokine we assumed that the values are approximately normally 193 

distributed on a natural logarithmic scale. The means and standard deviations of the respective 194 

reference distribution were calculated from the sample means and standard deviations of the 195 

reference measurements. If all reference values were below the detection limit, and this 196 

applies to the following 11 chemokines/cytokines: CCL3, INFα, INFγ, IL-12, IL-15, IL-1β, 197 

IL-33, CCL7, IL-17E/IL-25, TSLP and IL-5, both mean and standard deviation were 198 

estimated as one half of the detection limit. This is a conservative estimate because among all 199 

possible distributions with values between 0 and the detection limit, the distribution with one 200 

half of the values at 0 and one half at the limit has the largest variability and corresponding 201 

mean and standard deviation of one half of the detection limit. For example, if the detection 202 

limit is 4 pg/ml, the assumption is that half of the measurements have a value of 0 and the 203 

other half 4 pg/ml with mean and standard deviation of 2 pg/ml.  204 
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Duplicate measurements for all samples during the events were averaged as applicable before 205 

being used in the statistical analysis. For each measurement during the events the null 206 

hypothesis that the respective value belongs to the reference distribution was tested by an 207 

outlier t-test. The t-test takes into account statistical uncertainty in the estimated standard 208 

deviation. In case the standard deviation was conservatively assumed as one half of the 209 

detection limit, an outlier z-test was used since no further uncertainty in the standard deviation 210 

needs to be accounted for. The resulting p-values within an attack were adjusted by the 211 

Benjamini-Hochberg method to account for testing multiple values within an event. Upper 212 

and lower reference bounds were calculated using the 95% prediction intervals for the 213 

assumed log-normal reference distribution.  214 
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Results 215 

This patient with indolent systemic mastocytosis frequently suffers from MC activation events 216 

leading to hospital admission. We measured 41 chemokines, cytokines, growth factors and 217 

other parameters during 2 severe and 2 moderate MCA events. The major clinical 218 

characteristics of these MCA events are summarized in Table 1. The MCA events F18 and 219 

N14 fulfilled at least two systemic inflammatory response syndrome (SIRS) criteria. The F20 220 

MCA event seems unique because it might have been triggered by PCR-proven Influenza A 221 

infection. An infection was not diagnosed during the other three events. The J15 event was 222 

moderate, with increased heart rate and gastro-intestinal symptoms but minimal fever, no skin 223 

involvement and minimal mean arterial pressure decrease. The F20 and J15 events do not 224 

fulfill the SIRS criteria.         225 

All baseline values of the 41 measured parameters are shown in the Online Repository Fig E3. 226 

For 9 parameters with a significant difference between plasma and serum levels we used the 227 

mean plasma concentration of the 24 and 48 week baseline samples for presentation and mean 228 

fold above baseline calculations (Online Repository Table E2). For the other 32 parameters 229 

the mean of the five baseline values was used for presentation and normalization. Parameter 230 

concentrations were not corrected for the 20 to 30% hemodilution (1.25 to 1.43 multiplication 231 

factor) during the acute phase of the F18 MCA event (Online Repository Fig E2). The 232 

concentrations of the following 18 cytokine and chemokines compared to baseline values did 233 

not show any significant p-values during any of the four MCA events:  CCL7, CCL8, CCL17, 234 

CCL20, CCL22, CXCL8, IL-1α, IL-1β, IL-2, IL-4, IL-12, IL-15, IL-17A, IL-17E/IL-25, 235 

Granzyme B, CD40L, bFGF and PDGF-AA.  236 
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The peak parameter concentrations, including the baseline values and the peak fold-changes 237 

compared to baseline of all chemokines, cytokines and other parameters increasing or 238 

decreasing more than 3-fold for all four MCA events are shown in Table 2. 239 

In Table 3 we attempt to define cytokines and chemokines associated with severity by 240 

normalizing the baseline-normalized peak fold changes a second time using the peak-fold 241 

changes of the moderate non-SIRS MCA event J15 with a cut-off of 5-fold in at least one 242 

MCA event. The chemokines CCL2 and CCL3 and the cytokines IL-1ra, IL-5, IL-6, IL-10 243 

and IL-13 were 8.6-, 29-, 23-, 44-, 95-, 6.5- and 6.3-fold elevated respectively during the 244 

severe F18 event after normalization to the moderate J15 event. A similar pattern is seen with 245 

the severe N14 MCA event, although it is of lower magnitude.  Several other chemokines and 246 

cytokines are more than 5-fold elevated (Table 3). CCL22, IL-3, PDGF-AA and VEGF-A are 247 

15-, 141-, 22- and 38-fold reduced respectively in the most severe MCA event F18 compared 248 

to J15. The Th1-associated cytokines IL-2, INFγ and TNFα are 6- to 7-fold elevated in the 249 

F20 event compared to the other three MCA events.  250 

The time courses of relative chemokine, Th1/2-associated cytokine, growth factor and other 251 

parameter concentration changes after normalization to baseline values for the most severe 252 

F18 MCA event are shown in Fig 1. The corresponding p-values are listed in the figure legend 253 

and a time course of p-values for selected parameters (IL-1ra, IL-5, IL-6, IL-10, IL-11, IL-13, 254 

CCL3 and GM-CSF) are presented in the Online Repository Fig E2. Histamine data were 255 

added to indicate that starting at 3 hours post hospital admission the degree of MCA might 256 

have increased, reflected in ascending histamine concentrations with a peak of approximately 257 

30 ng/ml (270 nM) ) at 7 to 9 hours after admission. During the same time window tryptase 258 

concentrations increased 3.4 fold from 95 to 327 ng/ml. Mean baseline tryptase 259 

concentrations were 94 ng/ml. Symptoms started 12 hours prior to admission with fatigue and 260 

multiple vomiting episodes. The initially increasing histamine concentrations which were 261 
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followed by a rapid drop were clearly reflected in several clinical parameters including 262 

glucose, lactate, aPTT and leukocytes. Additionally, changes in heart rate were noted (Table 263 

1).7 Several chemokines demonstrated a similar pattern of an increase followed by a flattening 264 

or even a decrease at the histamine peak (Fig 1). The prototypical Th1 cytokines such as IL-265 

1α, IL-1β, IL-12, IL-15, INFα, INFγ and TNFα minimally changed compared to baseline 266 

values (Fig 1C and D). In contrast, Th2 cytokines, some growth factors and other parameters 267 

showed at times dramatic increases/decreases during the acute phase of the F18 event (Fig 1E 268 

to G). Interleukin-1ra, IL-5, IL-6 and IL-10 increased more than 50-fold above baseline 269 

values during the acute phase. Interleukin-13 also increased more than 20-fold using the first 270 

time point after admission as the starting concentration (Fig 1F). The growth factors IL-3, 271 

VEGF-A and PDFG-AA showed 18-, 28- and 24-fold decreases respectively during the peak 272 

phase (Fig 1H). For IL-3 and VEGF-A the peak p-values without and with Benjamini-273 

Hochberg correction are 0.02/0.063 and 0.029/0.048 respectively. For PDGF-AA the p-values 274 

are likely not significant, because the 72 hour time point used for statistical analysis is 7-fold 275 

below the other baseline values, strongly increasing the variance (Online Repository Table 276 

E1). Most chemokine and cytokine concentrations returned to baseline values 72 hours after 277 

admission with a few remaining minimally (< 4-fold) increased or decreased (Fig 1). 278 

Additional chemokine data with minimal changes compared to baseline are shown in the 279 

Online Repository Fig E4. 280 

Histamine concentrations are statistically significantly correlated and show high correlation 281 

coefficients with many parameters during the severe MCA event F18, indicating the same 282 

cellular origin, possibly activated mast cells (Online Repository Table E3). During the acute 283 

phase, the plasma concentrations of IL-6, IL-10 and IL-1ra increased 89- (p-value <0.01), 20- 284 

(<0.01) and 31-fold (0.027) of the baseline values per hour respectively (Online Repository 285 

Table E4 and Fig E5).  286 
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A similar analysis using chemokine and cytokine data from two additional MCA events 287 

without diagnosis of an underlying infection is presented in Fig 2. The corresponding p-values 288 

are listed in the figure legend. The patterns of cytokine elevation are comparable between the 289 

severe F18 and N14 events, but the magnitude is reduced in the N14 event. Notable 290 

differences to the F18 event are a 9- and 17-fold elevation of CCL20 and IL-3 (Benjamini-291 

Hochberg corrected p-value 0.012) respectively. The J15 MCA event was a moderate MCA 292 

attack not fulfilling SIRS criteria and this is also reflected in the low fold-above baseline 293 

values of e.g. IL-6 or IL-1ra (Fig 2B). Additional chemokine and Th1-associated cytokine 294 

changes during the N14 and J15 MCA event are shown in the Online Repository Fig E6. 295 

During the fourth MCA attack the chemokine/cytokine alterations are different, likely because 296 

of PCR-proven Influenza A infection. The peak fold-changes always measured at admission 297 

compared to baseline are presented in Table 2. The time line, which includes 6 time points 298 

covering 11 hours post admission, is shown in the Online Repository Fig E7. In this event 299 

some chemokines and Th1-associated cytokines are clearly elevated compared to the other 300 

three events (Table 2). The patient suffered more than 10 vomiting episodes at home prior to 301 

admission, and thus it is likely that the peak chemokine and cytokine changes already 302 

occurred at home. This event does not fulfill the SIRS criteria (Table 1) and the magnitude of, 303 

for example, IL-6 or IL-1ra changes was much lower compared to the severe F18 and N14 304 

events (Table 2). Additional chemokine, Th1- and Th2-associated cytokine data from this 305 

event are shown in the Online Repository Fig E8 and Fig E9. 306 

Figure 3 provides a summary of the time courses of some major metabolic, lipidomic and 307 

chemokine/cytokine derangements during the severe F18 event in relation to histamine, 308 

diamine oxidase and tryptase concentrations and the functional small bowel length (fSBL). 309 

The fSBL reflects the metabolic health of the jejunal and ileal epithelial cells.7 The main 310 

component for calculating the fSBL is the citrulline concentration, which is only synthesized 311 
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by gastrointestinal epithelial cells and strongly decreased during the acute phase of the F18 312 

event.7   313 

  314 
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Discussion: 315 

The acute phase of the severe MCA F18 event required 2 days of treatment on the intensive 316 

care unit. During this time, the functional health of the small bowel epithelial cells, reflected 317 

in the synthesis capabilities of citrulline and ornithine, was reduced almost 20-fold to 6% of 318 

normal.7 This metabolic shut-down, likely caused by massive local mast cell activation 319 

followed by hypoperfusion and hypoxia, might be considered to be organ dysfunction or even 320 

organ failure. At the same time, plasma lactate concentrations were highly raised to at least 7 321 

mM. Proinflammatory cytokines such as IL-5, IL-6, IL-10 or IL-13 were greatly increased 322 

during the acute phase.  323 

Several potent chemokines like CCL2, CCL3, CCL4 and CXCL10, which are associated with 324 

published cytokine release syndrome events, were also elevated in the F18 MCA event.12,13 325 

CCL3 is a strong mast cell activator which also activates endothelial cells and recruits 326 

monocytes and neutrophils after intradermal injection in healthy volunteers.14-16 Although 327 

IL-1ra and IL-10 are strongly elevated during the MCA event, their counterregulatory 328 

response to proinflammatory cytokines seems insufficient, similar to published cytokine storm 329 

data.12 Alternatively, IL-10 might be Th1 suppressing but Th2 proinflammatory via the 330 

activation of mucosal mast cells and the production of IL-5.17 The F18 event clearly fulfills 331 

the SIRS criteria. Consequently, the MCA F18 event might be considered as Th2-associated 332 

cytokine release syndrome, because the three criteria of the latest definition of a cytokine 333 

storm are fulfilled.12  334 

The massive release of Th2-associated cytokines, hypothetically released from activated mast 335 

cells 8,18-20, is clearly different to the previously published cytokine release syndromes, where 336 

the cytokine drivers are IL-6 and Th1-biased cytokines such as INFγ, IL-1β or TNF.12 These 337 

Th1 cytokines did not change at all during the three MCA events which were not related to a 338 

diagnosed infection. In the F20 event with PCR-proven Influenza A infection, Th1 cytokines 339 
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were clearly, but nonetheless only moderately elevated. It is tempting to speculate that the 340 

Th1 cytokines might have suppressed the development of a Th2 cytokine release syndrome by 341 

their downregulation of Th2 responses.  342 

Plasma histamine concentrations reached 30 ng/ml (normal levels are below 1 ng/ml) and 343 

might have contributed not only to generalized flushing, hypotension and heart rate increase, 344 

but also to the hyperinflammatory state. The local interstitial histamine concentrations during 345 

mast cell activation might be as high as 1000 µM (see Online Repository for calculations), 346 

possibly higher in mastocytosis patients.21 At these locally highly elevated concentrations 347 

histamine is strongly proinflammatory, inducing neutrophil, basophil and eosinophil 348 

migration, activation and degranulation, increasing vascular permeability and causing or 349 

enhancing GM-CSF, IL-5, IL-6, IL-10 and IL-13 release.21-24 Histamine could be a key driver 350 

for the duration and severity of protracted MCA attacks. The patient’s clinical condition 351 

during the F18 attack improved significantly after histamine dropped rapidly, namely 5-fold, 352 

in the few hours after the peak. The more than 150-fold elevated diamine oxidase 353 

concentrations may have contributed to this.7,11 Clinical improvement was demonstrated by 354 

rapidly decreasing lactate and glucose concentrations, as well as decreasing activated partial 355 

thromboplastin time. The patient’s heart rate decreased and mean arterial pressure values 356 

increased.7     357 

What are the possible consequences for treatment? Tocilizumab, an antibody against the IL-6 358 

receptor, was recently approved for the treatment of chimeric antigen receptor (CAR) T 359 

cells-induced cytokine storms. The peak plasma IL-6 concentration during the F18 severe 360 

MCA event was 1100 pg/ml and 280-fold elevated compared to baseline values. Considering 361 

the proinflammatory role of IL-6 and the strong positive correlations between mortality and 362 

elevated IL-6 concentrations 25-27, life-threatening MCA symptoms might be reduced by using 363 

tocilizumab or other anti-IL-6 biologicals. During life-threatening MCA events, the risk-364 

benefit ratio would appear to be biased towards benefit considering the side effect profile of 365 
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tocilizumab demonstrated in several thousand rheumatoid arthritis patients.26,28 The 366 

proinflammatory Th2-biased cytokine IL-5 was 44-fold elevated compared to baseline or the 367 

mild J15 event and therefore might significantly contribute to the symptomatology during 368 

severe MC activation. Mepolizumab, benralizumab and reslizumab are anti-IL-5/IL-5 receptor 369 

antibodies approved for the treatment of severe asthma and hypereosinophilic diseases.29 370 

Efficient blockade of IL-5 might mitigate clinical symptom development during protracted 371 

MCA. Considering the derangements of IL-3, IL-5 and GM-CSF during the severe MCA 372 

attacks, the monoclonal antibody CSL311, which targets the common β chain of the 373 

corresponding cytokine receptors, might be an interesting therapeutic option.30 374 

Blocking the Th2-associated cytokine IL-13 with tralokinumab, recently approved for the 375 

treatment of atopic dermatitis and possibly with clinical benefits for asthma patients, might 376 

also be  considered.31 The similarities between increased chemokine and cytokine 377 

concentrations during pulmonary antigen challenge and asthma and the MCA events in this 378 

patient are striking, although this mastocytosis patient does not appear to show bronchospasm 379 

during attacks.32,33    380 

A limitation of this study is that these data are derived from one indolent systemic 381 

mastocytosis patient, albeit covering four independent MCA events. Nevertheless, increases 382 

in IL-5, IL-6, IL-10, and IL-13 have also been noted during uniphasic classical anaphylaxis in 383 

a study comparing healthy subjects and people who have suffered severe reactions.9 384 

Additionally, Pardanani (2013) published differences between baseline values of indolent 385 

systemic mastocytosis patients and healthy controls.10 Our data might be a reflection of the 386 

massive activation of the highly abundant mast cells in mastocytosis patients reaching a 387 

threshold of histamine and several cytokines, which consequently induced a 388 

hyperinflammatory state for hours to days. Therefore, we believe that characterization of 389 

chemokines and cytokines during an appropriate time window in other mastocytosis and 390 

possibly in secondary or tertiary MCAS patients will generate comparable data.  391 
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The baseline data drawn during hospital visits a few years prior to the major F18 MCA event 392 

might not be considered suitable for use, because chemokines and cytokines may not remain 393 

stable during prolonged storage. If stability during storage at -80°C were an issue, it would be 394 

difficult to explain why 18 of the 41 parameters did not change at all, and why 23 parameters 395 

returned to baseline after 72 hours, despite strongly increasing or decreasing during the acute 396 

phase. If the baseline chemokines and cytokines were degraded during storage, the baseline-397 

normalized chemokine and cytokines concentrations should start at highly elevated levels, but 398 

we did not see this. The steep slopes during the acute phase of the F18 event also strongly 399 

suggest that we measured massive activation and degranulation of mast cells and likely other 400 

activated and migrated inflammatory cells. 401 

The administered anti-histamines diphenhydramine, cetirizine and raniditine might have 402 

suppressed the Th2 polarizing effect of histamine including histamine-mediated IL-6 403 

expression.35,36 Consequently, without anti-histamine treatment the strongly elevated Th2 404 

cytokines might have been even higher. Glucocorticoids strongly suppress chemokine and 405 

cytokine expression independently of a Th1 or Th2 bias and therefore the administered 406 

prednisolone could have suppressed the highly elevated chemokines and cytokines.37 407 

Fold-changes could have been more pronounced without glucocorticoid administration. It is 408 

not clear whether exogenous glucocorticoids had enough time to exert their anti-inflammatory 409 

effects within the few hours following admission as their main mechanism of action is 410 

modulation of transcription. Nevertheless, the anti-inflammatory cytokines IL-1ra and IL-10 411 

might have been increased by glucocorticoid treatment.   412 

In conclusion, we provide strong evidence that severe, life-threatening MCA events are 413 

orchestrated by the release of several potent proinflammatory chemokines and prototypical 414 

Th2 cytokines. The strong correlations of histamine and cytokine concentrations and clinical 415 

symptoms with a clear clinical improvement after histamine concentrations dropped 416 

significantly after the peak suggest using recombinant human diamine oxidase to rapidly 417 
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remove histamine and anti-IL-6 and anti-IL-5 biologicals to mitigate the severity of acute 418 

MCA events.7,34 Double-blind randomized controlled studies during severe acute MCA 419 

attacks will be almost impossible to perform in mastocytosis or MCAS patients and 420 

recombinant human diamine oxidase is not available, but IL-5 and IL-6 blocking reagents 421 

have been approved and might show significant clinical benefits in severe life-threatening 422 

Th2 cytokine-driven mast cell activation events. 423 

 424 
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FIG 1. Time course of chemokine and Th1/Th2 cytokine changes during the severe MCA 557 

event F18. 558 

The concentrations of 41 chemokines and cytokines were measured in 7 samples (5 in 559 

duplicate) during the MCA event and normalized to 3 to 5 baseline (BL) samples; The means of 560 

triplicate determinations of the singlicate and duplicate samples are shown; Histamine (HIS) 561 

concentrations have recently been  published7 and are shown as white triangles with a dotted 562 

line as a reference line; The y-axes represent fold-changes compared to BL on a log2 scale; A, 563 

and B, Selected chemokines; The peak Benjamini-Hochberg corrected (BH_corr) p-values of 564 

the parameters from left to right are: 0.022, <0.001 (CCL3), 0.045 (A) and not significant 565 

(NS), NS, 0.039 (B) ; C, and D, Th1-associated cytokines; All BH_corr p-values are NS; E, 566 

and F, Th2-associated chemokines; The peak BH_corr p-values of the parameters from left to 567 

right are: <0.01, NS, 0.011, <0.01(E) and  <0.001, <0.01, <0.01, 0.019, NS (F); G, and H, 568 

Growth factors and other parameters; Only the peak BH_corr p-values for GM-CSF (<0.01) 569 

and VEGF (0.048) are significant; Reverse fold changes reflect a decrease in concentrations 570 

compared to baseline; The time course of p-values of selected chemokines are presented in 571 

the Online Repository Fig E1; Gran B = Granzyme B; Perio = Periostin.  572 
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FIG 2. Characterization of cytokine, chemokine and growth factor changes during the severe 574 

N14 and moderate J15 MCA events. 575 

The concentrations of 41 chemokines and cytokines were measured in 2 samples from the 576 

N14 and J15 MCA events and compared to 3 to 5 baseline (BL) samples; The N14 samples were 577 

collected on the day of admission 4 hours apart. The J15 samples were collected on admission 578 

and on the second day 17 hours later. The means of triplicate determinations are shown; The 579 

y-axes represent fold-changes compared to BL; A, Selected chemokines and histamine (HIS); 580 

For N14 the peak Benjamini-Hochberg corrected (BH_corr) p-values of the parameters from 581 

left to right are: <0.01 (CCL3), NS, 0.045, NS, 0.028; For J15 only the p-value for CXCL11 is 582 

significant (0.024); B, and C, Selected Th2-associated chemokines; In Panel B for the N14 583 

event the peak BH_corr p-values of the parameters from left to right are: <0.01, 0.016, <0.01, 584 

<0.001 and <0.01; In Panel B for the J15 event only IL-10 (0.023) and IL-11 (<0.001) show 585 

significant peak BH_corr p-values; In Panel C for the N14 event only the BH_corr p-values 586 

for IL-33 (0.033) and Perio (0.03) are significant and for the J15 event only for TSLP (0.049) 587 

and Perio (0.046); D, Growth factors and other parameters;  For the N14 event only the 588 

BH_corr p-values of IL-3 (0.012) and GM-CSF (<0.01) are significant and for the J15 event it 589 

is also  only IL-3 (0.03) and GM-CSF (<0.01) which show significant BH_corr p-values; 590 

Perio = Periostin.  591 
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FIG 3. Time course of major chemokine/cytokine derangements in relation to histamine and 592 

tryptase concentrations during the severe MCA event F18. 593 

Histamine (HIS), tryptase (TRYP), diamine oxidase (DAO) and lysophosphatidylcholine 594 

(LPC) concentrations and the functional small bowel length (fSBL) data have  recently been 595 

published.7 For LPCs the mean of 11 LPCs comprising 96% of the LPCs in plasma have been 596 

used. The 5 LPC species with at least 3 unsaturated bonds, and therefore weak autotaxin 597 

substrates, have been excluded. Only chemokines and cytokines increasing more than 5-fold 598 

compared to baseline (BL) values have been selected; All x-axes data have been normalized 599 

to BL values. The y-axes represent fold-changes compared to BL on a log2 scale; A, HIS 600 

(filled squares), TRYP (white circles), DAO (black circles); LPC (white squares) and fSBL 601 

(white triangle);  B, HIS (black squares), CCL3 (black circles); CXCL10 (white circles), 602 

IL-1ra (black diamonds), IL-10 (white diamonds), IL-5 (white triangles), IL-13 (black 603 

triangles), IL-6 (white squares) and GM-CSF (crosses). 604 
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TABLE 1. Major clinical characteristics of the four MCA events.   606 

 F18    SIRS Y/N  

Temperature Many hours > 38°C; >40°C during acute phase Y 

Heart rate  130 bpm during acute phase; peak 180 bpm; normal mean (SD) 68 (7.8)  Y 

WBC  15000 G/L during acute phase  Y 

Resp. rate Mean (SD) 19.8 (2.92) using 8 values averaged every 15 min Y/N 

(Glucose  8.9 to 13.9 mM during acute phase Y) 

MAP  Between 50 and 70 for many hours; normal mean (SD) 91 (5.9)* 3.5 

General Multiple vomiting events, nausea, weak, fSBL** 6% at symptom peak  SIRS 

Lactate At least 7 mM during acute phase, rapidly decreasing after peak YES 

ICU 48 hours ICU treatment; external cooling device (CoolGuard)  
Skin Generalized erythematous rash   

 N14     

Temperature Several hours  >39°C Y 

Heart rate  Consistently > 110  bpm; normal mean (SD) 68 (7.8) Y 

WBC  6300 G/L at admission; 8010 G/L on Day 2  N 

Resp. rate No data  nd 

(Glucose  7.7 mM at admission; 10.6 mM 5 hours later; 6.4 mM next day Y) 

MAP  Between 50 and 70 during the first 7 hours post admission  2.0 

General Two days of fever at home, headache, nausea, urticaria  SIRS 

 Multiple vomiting events, weak YES 

Skin Generalized erythematous rash   

F20      

Temperature 38.1°C on admission, decreased after admission Y/N 

Heart rate  > 100 bpm; normal mean (SD) 68 (7.8) Y  

WBC  6140 G/L at admission; 7000 after 24 and 4200 after 38 hours N 

Resp. rate No data nd 

(Glucose  9.1 mM at admission; 10.1 mM 24 hours later Y)  

MAP Blood pressure recorded several times as normal and stable  1.5 

Infection Influenza A PCR positive; treated with 150 mg daily Tamiflu for 5 days  SIRS 

General Vomited approximately 10 times  at home prior to admission at 04.00 AM  NO 

 Patient took rescue medication before admission:   

 25 mg prednisolone; 50 mg diphenhydramine; 10 mg cetirizine   
Skin Generalized erythematous rash   

J15     

Temperature  <38°C during the 2 day hospital stay N 

Heart rate  112 bpm on admission; normal mean (SD) 68 (7.8) Y 

WBC   8320 G/L on admission; 8580; 8170; 7510 during the first 24 hours   N 

Resp. rate < 20 breaths per minute  N 

(Glucose  6.9 mM on admission; next day 5.7 mM N) 

MAP Between 70 and 80; normal mean (SD) 91 (5.9) 1.0 

General Weak, no fever, rhinitis, nausea SIRS 

Skin No rash and no urticaria NO 

*Systolic/diastolic mean (SD) 124/75 (7.7; 5.4) 24 measurements without symptoms; **fSBL = 607 

functional small bowel length; SIRS (systemic inflammatory response syndrome) criteria: 608 

Temperature < 36°C, >38°C; heart rate > 90 bpm; white blood cells (WBC) < 4000, >12000 G/L; 609 
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respiratory rate > 20 breaths per min; (glucose > 7.7 mM); SD = standard deviation; MAP = mean 610 

arterial pressure; ICU = intensive care units; bpm = beats per minute.  611 

 612 

  613 
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TABLE 2. Mean baseline with peak concentrations (pg/ml) and corresponding peak 614 

fold-changes during the four MCA events. 615 

  

Peak concentrations    

(pg/ml) 

Peak fold-changes 

compared to BL 
 

 

Mean BL 

(pg/ml) 
F18 N14 J15 F20 F18 N14 J15 F20 p-values  

CCL2 170 536 118 63 147 3.2 0.69 0.37 0.86 0.022 

CCL3 2.5 72 25 2.5 2.5 29 10 1 1 <0.001 

CCL4 130 462 224 156 270 3.6 1.7 1.2 2.1 0.045 

CCL8 46 17 131 99 178 0.36 2.9 2.2 3.9 NS 

CCL17 266 297 368 259 1174 1.1 1.4 1 4.4 NS 

CCL20 19 143 176 99 51 7.6 9.4 5.3 2.7 NS 

CCL22 179 11 125 173 216 0.06 0.7 1 1.2 NS 

CXCL2 457 1521 1648 598 2401 3.3 3.6 1.3 5.3 NS 

CXCL8 2 4.9 1.8 5.2 6.4 2.4 0.9 2.5 3.2 NS 

CXCL10 50 545 334 269 374 11 6.7 5.4 7.5 0.039 

CXCL11 24 26 98 113 104 1.1 4.1 4.7 4.4 0.016 

IL-2 2.1 0.9 2 1.6 10 0.42 0.95 0.77 4.9 NS 

INFα 2.1 2.5 2.1 2.1 10 1.2 1 1 4.9 0.028 

IFNγ 2.7 3.3 2.7 2.7 17 1.2 1 1 6.1 0.013 

TNFα 1.1 1.3 0.4 1.1 7.5 1.2 0.4 1 7 <0.01 

sCD40L 420 1445 902 2306 2941 3.4 2.1 5.5 7 NS 

IL-1ra 217 21422 10057 937 1965 99 46 4.3 9 <0.01 

IL-4 0.3 0.5 0.4 0.3 1.7 1.6 1.3 0.8 5.4 NS 

IL-5 1.2 52 10 1.2 1.2 44 8.2 1 1 <0.001 

IL-6 3.9 1104 222 12 34 280 56 2.9 8.7 0.011 

IL-10 30 2821 795 431 631 93 26 14 21 <0.01 

IL-11 70 343 1093 820 407 4.9 16 12 5.8 <0.001 

IL-13 34 221 66 35 114 6.6 2 1 3.4 <0.01 

IL-33 1.9 7.6 1.8 1.9 12 4.1 1 1 6.2 0.016 

GM-CSF 11 69 42 40 46 6 3.7 3.5 4.1 <0.01 

bFGF 0.5 5.6 3.6 4 9.9 10 6.7 7.3 18 NS 
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IL-3 26 1.5 462 205 70 0.06 18 7.9 2.7 0.012 

PDGF-AA 520 19 498 410 2488 0.04 1 0.79 4.8 NS 

VEGF-A 10 0.4 0.8 16 34 0.04 0.08 1.6 3.4 NS 

Gran B 2.7 29 8.5 8.9 36 11 3.1 3.3 13 NS 

PD-L1 53 96 66 56 177 1.8 1.2 1.1 3.3 0.023 

Parameters with fold changes below 3 above or below baseline in none of the four MCA 616 

events are not shown; These proteins include CCL7, CCL11, IL-1α, IL-1β, IL-12p70, IL-15, 617 

IL-17A, IL-17E, TSLP and Periostin; Cursive numbers in bold boxes represent parameter 618 

peak concentration decreasing during the severe MCA event F18; Peak concentrations and 619 

peak fold-increases from the four MCA attacks are written in bold and underlined and the 620 

Benjamini-Hochberg corrected (BH_corr) p-values for the peak concentrations have been 621 

added in the last column; CCL22, IL-3, PDFG-AA and VEGF-A are reduced maximally 16-, 622 

18-, 28- and 24-fold respectively during the F18 event, but only the VEGF-AA reduction 623 

shows a significant BH_corr p-value of 0.048; Gran B = Granzyme B, BL = Baseline. 624 
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TABLE 3. Peak fold chemokine and cytokine increases/decreases after normalization to 627 

the moderate MCA event J15.  628 

  F18/J15 N14/J15 J15/J15 F20/J15 Direction  

CCL2 8.6 1.9 1.0 2.3 

up 

CCL3 29 10.0 1.0 1.0 

IL-1ra 23 11 1.0 2.1 

IL-4 1.9 1.5 1.0 6.4 

IL-5 44 8.2 1.0 1.0 

IL-6 95 19 1.0 2.9 

IL-10 6.5 1.8 1.0 1.5 

IL-13 6.3 1.9 1.0 3.2 

IL-33 4.1 1.0 1.0 6.2 

IL-2 0.5 1.2 1.0 6.3 

IFNγ 1.2 1.0 1.0 6.1 

TNFα 1.2 0.4 1.0 7.1 

CCL22 -15 -1.4 1.0 -0.8 

down IL-3 -141 -0.4 1.0 -2.9 

PDGF-AA -22 -0.8 1.0 -0.16 

VEGF-A -38 -21 1.0 -0.5 

Parameters are only included if they show an at least 5-fold peak increase or decrease 629 

compared to the moderate MCA event J15; Decreased parameter concentrations are converted 630 

to reverse fold as indicated by a minus sign; The highest peak fold increases or decreases are 631 

written in  bold font and underlined.  632 
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