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ABSTRACT

Background Mastocytosis is a clonal disorder associated with an increased mast cell burden. We have recently 
demonstrated the ability of human mast cells to express and be activated through multiple serotonin receptors; 
to synthesize and release serotonin; and that mastocytosis patients may have abnormal serotonin levels. As 
serotonin has been implicated in the genesis of clinical symptoms found in association with some chronic 
diseases, we have now determined the whole blood serotonin levels in 29 patients diagnosed with mastocytosis, 
and correlated these levels with multiple clinical and laboratory parameters.

Materials and methods Patients with mastocytosis were categorized according to disease variant. Blood 
serotonin values were determined and correlated with values reported for normal subjects; and clinical and 
laboratory features of the disease.

Results Total blood serotonin levels followed a bimodal distribution in line with our earlier report,unlike the normal 
distribution reported for normal individuals. Serotonin levels did not correlate with platelet numbers, liver function 
tests or serum tryptase levels. Patients with lower serotonin values had greater rates of fatigue (P = 0·0001), 
migraine headaches (P = 0·0028), psychiatric symptoms (P = 0·0001), diarrhoea (P = 0·0407), flushing (0·0085), 
and abdominal and bone pain (P = 0·0001).

Conclusions Our study suggests that low blood serotonin levels help define a sub-group of patients with 
mastocytosis that are more likely to present with neurological and gastrointestinal complaints, and suggests that 
the use of pharmacologic agents that alter blood serotonin levels could be explored in selected patients.
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Introduction

Mastocytosis is a clonal systemic disease associated with a 
pathological increase in tissue mast cells and symptoms typical of 
mediator release [1,2]. In 2007, we communicated that human mast 
cells synthesize and release serotonin [3], a bioamine that functions 
as a neurotransmitter, tissue mediator and vasoactive agent which 
can either apparently up regulate or down regulate a given 
biological response [4,5]. In the 2007 letter, we also noted that blood 
serotonin levels in patients with mastocytosis had an abnormal 
distribution [3]. As blood serotonin levels have been used to help 
diagnose and monitor the treatment of carcinoid disease [6,7], 
evaluate agents used to treat psychiatric disorders [8,9] and 
Raynaud’s phenomenon [10], and follow provocation of irritable 
bowel syndrome [11], we elected to determine if the abnormal 
blood serotonin levels in patients with mastocytosis correlated 
with the clinical and laboratory parameters of the disease and 
might have some diagnostic and therapeutic value.

As we will show, we first verified blood serotonin levels in 
patients with mastocytosis [3] are distributed in a bimodal manner. 
We then found that patients with a low blood serotonin level were 
more likely to suffer from flushing, headaches, fatigue, pain, 
psychiatric symptoms, and diarrhoea. These complaints did not 
parallel tryptase levels, which are thought to reflect mast cell 
burden.

Materials and methods

Patients

Thirty-eight patients with mastocytosis were evaluated at the 
National Institute of Allergy and Infectious Diseases (NIAID) after 
informed consent was obtained, as part of a study of the natural 
history of mastocytosis approved by the NIAID Institutional 
Review Board. Seven of these patients who were on cytoreductive 
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treatment (cladribine, imatinib) were excluded from the analysis, 
as were two patients who were on serotonin modifying agents. 
Initial evaluation included a history and medical records review, 
a physical examination and standard laboratory tests. Patients 
were then classified into mastocytosis variants according to the 
World Health Organization (WHO) consensus classification [2,12]. 
In the group enrolled, 24 had indolent systemic mastocytosis 
(ISM), three fell within the smouldering indolent systemic 
mastocytosis variant (SISM), and two had aggressive systemic 
mastocytosis (ASM).

Determination of blood serotonin and serum 

tryptase levels

Blood samples were collected prior to food and medication intake. 
Total blood serotonin levels (ng mL–1) were determined by liquid 
chromatography with tandem mass spectrometry at Mayo 
Medical Laboratories (Rochester, MN, USA). The threshold for 
serotonin detection was 50 ng mL–1. Levels reported as below the 
level of detection (BLD) were assigned the intermediate value of 
25 ng mL–1 when required by analysis. A normal distribution 
of serotonin blood levels was obtained from a published report of 
470 normal volunteers [13]. Serum tryptase levels (ng dL–1) were 
determined with a commercial Fluoroenzyme Immunoassay 
(Pharmacia Immuno CAP) (Mayo Medical Laboratories, 
Rochester, MN, USA).

Symptoms

Symptoms were recorded in the chart as part of the initial 
screening visit by independent staff physicians and reviewed 
retrospectively. Pain was defined as persistent complaint of pain 
longer than six months duration without an identifiable cause; and 
included complaints of musculoskeletal and/or abdominal pain. 
Psychiatric symptoms included depression, anxiety, emotional 
instability, and memory loss. Migraine headache was diagnosed 
by physicians and/or self-reported by the patients as headache 
with migraine characteristics (aura, photophobia, positive 
response to migraine-specific medications). Diarrhoea was 
self-reported as loose stools more than three per day, intermittent 
or persistent, with or without weight loss not associated with 
food allergy or anaphylaxis, and without identifiable infectious 
cause. Osteoporosis/osteopenia was documented by dual 
energy X-ray absorptiometry (DEXA) scan scores and/or a 
history of bone fractures. Fatigue was self-reported as present 
and lasting longer than six months. Pruritus and flushing were 
reported by the patient and were not associated with an allergic 
reaction. Organomegaly was confirmed by computer tomography 
as a part of the initial visit. Skin involvement with mastocytosis 
was documented by physical examination and biopsy. 
Anaphylaxis was reported by the referring physician and was 
defined as respiratory/cardiovascular collapse that required 
epinephrine administration and/or resuscitation.

Statistical analysis

For the purpose of graphical presentation, the patients were 
ranked by their blood serotonin values and divided into even 
terciles. The first tercile was designated as Group 1, (nine patients, 
serotonin values < 50 ng mL–1); those in the second tercile were 
designated as within Group 2 (10 patients, serotonin values 
68–200 ng mL–1); and those in the third tercile were designated as 
within Group 3 (10 patients, serotonin values 210–500 ng mL–1). If 
blood serotonin levels follow a normal distribution with a mean 
130·2 and standard deviation of 42·3 [13], tercile one corresponds 
to the lower 3% of normals, tercile two has normal values, and 
tercile three corresponds to the upper 3% of normals, indicating 
the mastocytosis sample had a large fraction of both abnormally 
low and high values.

A non-parametric approach was used to avoid the statistical 
problems inherent with values below the limit of detection, and 
because the serotonin values in this study were not consistent with 
a normal distribution Spearman rank correlations were computed 
to assess the association between blood serotonin levels and the 
presence of each symptom. Spearman correlation and linear 
regression were used to assess the correlation of serotonin levels 
to both platelet numbers and tryptase determinations. P-values 
less than 0·05 were considered statistically significant.

Results

Patients’ characteristics

Twenty-nine patients were entered into the analysis 
(Table 1). Of these individuals, 14 (48%) were women, 
(mean age 47), and 15 (52%) were men (mean age 49). All patients 
were positive for the KIT D816V mutation, which was detected in 
bone marrow. Twenty-four (83%) patients were diagnosed with 
ISM, three patients (10%) had SISM and two patients (7%) had 
ASM.

Serotonin blood level in patients with mastocytosis 

deviates from a normal distribution

We have corresponded that blood serotonin levels obtained from 
a group of patients with mastocytosis did not follow the normal 
distribution as reported in normal individuals [13]. In the current 
study we revisited this question and determined blood serotonin 
levels from the patients entered into this study. We again observed 
a bimodal distribution (Fig. 1). To assure that the blood serotonin 
measurements are reasonably constant over time, we repeated the 
serotonin determinations in six patients with an interval between 
determinations of one day to one year. For each patient the first 
serotonin value represents day 0, with the second value obtained 
after the time interval stated. Blood serotonin values obtained in 
each patient remained similar in that in no instance would the 
repeat value have placed a specific patient in a different tercile 
(Table 2).
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Blood serotonin levels did not correlate with platelet 

number, liver function tests or serum tryptase levels

We again found that platelet numbers did not correlate with blood 
serotonin levels (Fig. 2). Because the production and metabolism 
of serotonin can reportedly be affected by liver function, we 
examined measures of liver function including albumin, total 
bilirubin, alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase and creatinine. 
None of these measures correlated with blood serotonin levels. 
Tryptase is considered a surrogate marker of the mast cell burden 
in patients with mastocytosis. Thus, we next analysed the 
relationship between serum tryptase and blood serotonin levels, 
and found no statistical correlation (Fig. 2). The analysis of all 
laboratory parameters was performed on a continuous sample and 
within each group with similar results. There were insufficient 
patients within the variants of mastocytosis to include severity of 
the disease as a variable.

Association of lower serotonin values with 

clinical symptoms

Associations between serotonin level and clinical symptoms are 
represented graphically in Fig. 3 by serotonin tercile; continuous 
serotonin values were analysed by Spearman rank correlation and 
were statistically significant for the following clinical categories: 
psychiatric symptoms (P = 0·0001), migraine headache (P = 0·0028), 
pain (P = 0·0001), fatigue (P = 0·0001), flushing (P = 0·0085), and 
diarrhoea (P = 0·0407); all significant correlations were negative, 
indicating that lower values of serotonin were associated with higher 
rates of symptoms. Patients with pain complained of abdominal 

Table 1 Patients’ characteristics
Characteristics N (%) Age, year (range)

Total 29 (100%) 48 (23–77)

Female 14 (48%) 47 (32–58)

Male 15 (52%) 49 (23–77)

Mutation in KIT 29 (100%)

Mastocytosis classification:

Indolent Systemic Mastocytosis (ISM) 24 (83%)

Indolent Systemic Mastocytosis –

Smouldering ISM (SISM) 3 (10%)

Aggressive Systemic (ASM) 2 (7%)

Figure 1 Serotonin blood level distribution. Total blood 
serotonin levels were determined in a cohort of patients with 
mastocytosis and compared with published values obtained 
from normal volunteers which followed Gaussian distribution: 
theoretical curve based on mean ± SD (130·2 ± 42·3) [13]; bars 
represent number of mastocytosis patients with serotonin blood 
levels per each value bracket shown on the X axis.

Table 2 Repeated measurements of serotonin blood levels 
demonstrate reproducibility of the test

Patient Serotonin (ng mL–1) Measurement interval

1 < 50, < 50 6 months

2 139, 152 1 day

2 152, 180 1 year

3 195, 172 6 months

4 < 50, < 50 1 year

5 269, 231 1 year

6 312, 275 1 year
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Figure 2 Correlation of serotonin to 
tryptase and platelets. Serotonin values 
were plotted against platelets and tryptase, 
the line represents the linear regression. 
Correlations are not statistically significant.

Figure 3 Distribution and analysis of symptoms within groups. Groups with low (I), normal (II) and high (III) levels of serotonin were 
compared based on their clinical symptoms. Bars represent the number of patients where the grey portion is assigned to patients 
without symptoms, and the black portion is assigned to patients with symptoms. The association between continuous serotonin 
values and presence of symptoms is evaluated with Spearman rank correlation, P-values of statistically significant associations 
(P < 0·05) are shown above bars.
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and/or musculoskeletal discomfort. Gastroesophageal reflux 
disease (GERD), weight loss, osteoporosis, anaphylaxis, pruritus, 
and urticaria pigmentosa (UP) were not associated with serotonin 
blood levels. We found 100% (9/9) of the Group I patients had a 
combination of at least six of these 12 symptoms, compared to only 
20% (2/10) of Group II and 10% (1/10) of Group III.

Discussion

Serotonin has been studied extensively as a neuromediator 
involved in the pathogenesis of depression, anxiety, migraine, 
chronic pain and irritable bowel syndrome [8–19]. Blood serotonin 
levels have been used to diagnose and monitor treatment of 
carcinoid disease and response in psychiatric disorders to specific 
pharmacologic agents [6–8]. Reduced levels of serotonin reported 
in patients with migraine attacks have been attributed to a 
dysfunction in the enzymes involved in serotonin biosynthesis, a 
dysfunction in serotonin release, or abnormal uptake by platelets 
and lymphocytes [20].

In this study of patients with mastocytosis, we found that 
distribution of the serotonin levels was abnormal. Most patients 
had either low or high blood serotonin levels. Moreover, analysis 
of these subjects demonstrated that symptoms tended to occur in 
patients whose serotonin blood level was low. However, not all 
findings correlated with low blood serotonin levels. UP, GERD, 
pruritus, osteoporosis, and anaphylaxis did not correlate with 
blood serotonin levels. It is also unlikely, given the clear abnormal 
distribution of serotonin levels in this study of patients with 
mastocytosis, that this would normalize if all mastocytosis patients 
in a given population were analysed. However, if a population of 
patients with mastocytosis and relatively few symptoms were 
analysed, then it might be expected that most serotonin levels 
would fall within the mid and upper terciles (Fig. 3) and the 
abnormal distribution as evidenced in this study (Fig. 1) would not 
necessarily be observed.

We found no explanation for the abnormal blood serotonin 
levels in patients with mastocytosis. Blood serotonin measurements 
did not correlate with measures of liver function. Thus, it is 
unlikely that abnormal serotonin levels were due to mastocytosis–
associated liver damage. Patients with low serotonin levels had a 
higher incidence of diarrhoea, but had normal protein levels and 
no other signs of malabsorption. This suggests that diarrhoea is 
more likely to be secondary to any serotonin abnormality, in 
agreement with studies examining mast cells and serotonin in 
anaphylaxis-induced diarrhoea [21]. There is evidence of some role 
for serotonin in the pathogenesis of diarrhoea-predominant 
irritable bowel syndrome (IBS) as it is relieved with serotonergic 
medications [22]. This observation may be relevant to mastocytosis. 
There was also a lack of correlation of platelet number to blood 
levels of serotonin and to mast cell tryptase levels [23,24,] in spite 
of our report that human mast cells are capable of serotonin 
synthesis and release [3].

Recently we demonstrated that mast cells are capable of a 
functional response to serotonin through multiple serotonin 
receptors [25]. Others have reported the high expression in mast 
cells of mastocytosis patients of a monoamine transporter that has 
high affinity for serotonin (VMAT) [26]. As mast cells in 
mastocytosis often carry an activating mutation in KIT that can 
affect activation and releasability [27,28], it is possible that patients 
with mastocytosis could have abnormalities in mast cells relating 
to serotonin storage and release, or degradation of serotonin by 
mast cell products and, depending on these circumstances, have 
abnormal blood levels of serotonin which might in turn contribute 
to clinical symptoms such as migraine, chronic fatigue and 
diarrhoea. It could also be that low serotonin production 
predisposes for a more severe form of mastocytosis. An interesting 
control group would be patients with symptomatic allergies. If 
serotonin blood levels were also low in a subset of allergic patients, 
this would point to a link between mast cell activation and 
decrease in serotonin levels. It would also be of interest to 
determine if mast cell ablative therapy would lead to a rise in 
serotonin blood levels.

Here for the first time we present the evidence that low serotonin 
levels are associated with a specific symptom complex. These 
observations suggest further work is needed, including validation 
with a prospective study enrolling more patients, to understand 
the basis of these abnormal levels, with the hope that these 
observations may lead the way to specific therapy directed to 
alleviating some of the symptoms and consequences of 
mastocytosis.

Conclusion

Our study suggests that low blood serotonin levels help 
define a sub-group of patients with mastocytosis that are 
more likely to present with neurological and gastrointestinal 
complaints; and suggests that the use of pharmacologic 
agents that alter blood serotonin levels could be explored in 
selected patients.
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