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Abstract

Bone marrow studies currently provide a lot of valuable information in the diagnostics of hematological diseases including
hematopoietic stem cells disorders. Our studies on low-molecular weight organic compounds in bone marrow stem cell niche
in various pathogenic conditions, revealed relatively high variability of histamine levels in different groups of hematological
diseases. It was also found that serotonin levels were significantly lower than those typically measured in peripheral blood
as well as many have the influence on stem cells proliferative potential. This paper presents findings from quantitative and
statistical analyses of histamine and serotonin levels. Bone marrow collected from patients undergoing routine diagnostic
procedures for hematological diseases and receiving inpatient treatment were analyzed. Histamine and serotonin levels were
measured using hydrophilic interaction liquid chromatography (HILIC) coupled with tandem mass spectrometry. Obtained
data were analyzed statistically and correlated with the diagnosed groups of hematological diseases and the parameters of
complete blood counts. Histamine was found in all tested samples, including those from patients without malignancy, and
the reported levels were comparable to the reference values in blood. This observation allows us to assume that bone marrow
cells can produce and accumulate histamine. Moreover, the statistical analysis revealed a significant relationship between
histamine levels and diagnosed mastocytosis, and between histamine levels and myeloproliferative neoplasms. Different
results were obtained for serotonin, and its concentrations in most cases were below the limit of quantification of the method
used (< 0.2 ng/mL), which can only be compared to peripheral blood plasma. In a few cases, significantly higher serotonin
levels were observed and it concerned diseases associated with an increased number of megakaryocytes in the bone marrow.
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Introduction

Bone marrow tests are fundamental for the diagnosis of
many hematological diseases. Bone marrow is also a valu-
able material when searching for new biomarkers facilitating
the correct classification of diseases including hematopoietic
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detailed hematological diagnostics, and its further use for the
determination of other molecular parameters does not create
any additional discomfort to the patient. While genetic mark-
ers are also commonly used in routine diagnostics, analy-
ses of specific low-molecular weight compounds are less
frequently practiced. Targeted metabolomics is becoming
gold standard of stem cells and stem cells niche biology
research. When conducting our targeted profiling studies
of bone marrow samples for the presence of low-molecular
weight compounds that could be used as potential biomark-
ers, we noticed significant differences in histamine levels
between individual samples. Although histamine levels were
measured in other materials such as plasma, blood, urine,
gastric juice or cerebrospinal fluid [2-6], for the first time
we show here the targeted metabolomic determination of
histamine in bone marrow hematopoietic stem cells niche.
Histamine is a biogenic amine synthesized from L-his-
tidine, and its biosynthesis takes place mainly in mast cells
and basophils, where it is also accumulated [7]. On the other
hand, serotonin is associated mainly with its activity in the
nervous system, and less frequently with its physiological cel-
lular function and its transport and accumulation by thrombo-
cytes. It appears that histamine and serotonin levels measured
in bone marrow niche, where storage cells for both of these
compounds are produced, may be associated either with the
cause of clinical abnormalities or an effect of the underlying
pathogenic process. It should be noted that both histamine
and serotonin levels in peripheral blood are relatively high,
20-200 ng/mL, which indicates their significant role in bio-
logical processes. On the other hand, routine laboratory tests
focus on the analysis of morphotic blood parameters, and the
presence of a specific group of cells (including bone marrow
stem cells) in a certain number is considered normal, without
the analysis of their functionality, which may result from an
excess or deficiency of chemical cell components typical for
them. A seemingly perfect example is systemic mastocytosis,
which is known to be associated with the increased accumula-
tion of mast cells in bone marrow and other organs, and these
cells are characterized by a high content of histamine. An
increased count of mast cells should therefore be associated
with an increased concentration of histamine. Moreover, the
targeted metabolic analysis of histamine and serotonin in bone
marrow stem cell niche material might be the routine proce-
dure in the most of the laboratories. Measured concentrations
may reflect the normal activity of thrombocytes and granulo-
cytes, resulting from the presence of these compounds in cells
or the emergence of mature mast cells in an atypical location
(e.g. bone marrow niche). Currently, many laboratories use
selective and sensitive analytical techniques employing chro-
matographic separation and mass spectrometry, so histamine
and serotonin can be detected in practice without the need for
non-selective immunoassays. Thus, the determination of his-
tamine and serotonin levels appears to perfectly complement a
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detailed hematological diagnostic procedure, along with other
general tests such as complete blood count and bone marrow
smear.

The aim of the present study was to determine histamine
and serotonin levels in bone marrow collected from patients
during routine hematological diagnostic procedures and to
determine reference values, not related to the neoplastic dis-
ease process. Differences in the concentrations of both com-
pounds in specific groups of diseases were assessed, and an
attempt was made to determine the suitability of histamine
and serotonin as potential diagnostic biomarkers.

Methods

An analytical method employing liquid chromatography
and tandem mass spectrometry (LC-MS/MS) was devel-
oped and validated for the simultaneous determination of
histamine and serotonin levels. The method was validated
separately for plasma and morphotic blood elements and
it was characterized by very good analytical parameters,
including linearity determined by the regression coefficient
12%: 0.99984 for histamine and 0.999997 for serotonin. The
limit of quantification (LOQ) for both histamine and sero-
tonin was 0.2 ng/mL.

Sampling and Storage of Bone Marrow Niche
Material

Bone marrow niche material was sampled from patients hos-
pitalized at the Department of Hematology, Oncology and
Radiotherapy of the University of Zielona Géra, Multispe-
cialist Provincial Hospital in Gorzéw Wielkopolski. Bone
marrow samples were collected by aspiration biopsy into
Monovette EDTA KE test tubes and stored at (-24 °C) until
further analysis. A total of 100 bone marrow samples were
collected.

Determination of Hematological Blood Parameters

Basic parameters of complete blood were analyzed using the
Sysmex XN 2000 hematology system and dedicated diag-
nostic reagents. The population of white blood cells was
determined by manual and automatic blood smears and pre-
sented in percentage of total cell count. The tests were car-
ried out in the hospital laboratory on the day of the patient’s
admission to the department.

Preparation of Bone Marrow Samples
for the Analysis of Histamine and Serotonin Levels

Prior to analysis, samples were thawed and thoroughly
mixed (Classic Advanced Vortex Mixer, Velp Scientifica,
Italy). Then, 50 pL of each sample was treated with 10 uL.
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of sodium metabisulfite solution, 950 puL of mobile phase B,
2.5 pL of deuterated histamine d4 (internal standard, IS), at
a concentration of 1 ug/mL and 2.5 uL of a 1 pg/mL deuter-
ated serotonin d4 solution, mixed and centrifuged (Centri-
fuge 5417R, Eppendorf, Germany) at RCF 24,104 x g for
10 min. Next, 500 pL of supernatant was taken for LC-MS/
MS analysis. Deuterated histamine and deuterated serotonin
solutions were prepared by diluting stock standard solutions
in methanol (Serotonin d4 hydrochloride, Toronto Research
Chemicals, Canada, and Histamine- a,o,f,p d4 dihydrochlo-
ride Sigma Aldrich, US).

LC-MS/MS Analysis

Analyses were performed using the ExionL.C liquid chroma-
tography system (AB Sciex, US) integrated with a QTRAP®
6500 + SelexIon tandem mass spectrometer (AB Sciex, US).
Chromatographic separation was carried out on a SunShell
HILIC-Amide column (2.6 pm, 2.1 i.d X 150 mm, Chro-
maNik Technologies, Japan). The chromatograph operat-
ing parameters were as follows: sample injection volume:
10 pL, equilibration time: 7 min, flow rate: 0.5 ml/min,
oven temperature: 30 °C, mobile phase A: 80% water/10%
ACN/10% ammonium formate buffer pH=3.4 100 mM
(v/v), mobile phase B: 90% acetonitrile (CAN)/10% buffer
ammonium formate buffer pH=3.4 100 mM (v/v). Gradi-
ent conditions: 0.00 min: 95.0% (B), 0.20 min: 95.0% (B),
1.40 min: 90.0% (B), 1.41 min: 75.0% (B), 3.30 min: 75.0%
(B), 3.50 min: 30.0% (B), 6.30 min: 30.0% (B), 6.60 min:
95.0% (B), 7.00 min: 95.0% (B). The gradient resulted in the
retention times of histamine 2.72 +0.01 min and serotonin
1.35+0.00 min. The MS instrument operated in the posi-
tive mode, with the optimized settings for: ion source: ESI,
curtain gas: 35 psi, ion spray voltage (IS): 4200 kV, heated
gas temperature (TEM): 420 °C, ion source gas 1: 60 psi, ion
source gas 2: 50 psi, entrance potential (EP): 10, collision
cell exit potential (CXP): 10, dwell time: 50 ms. Decluster-
ing potential (DP) was 45 V for histamine-d4, histamine
qualifier and quantifier, 5 V for serotonin-d4 and seroto-
nin quantifier, and 120 V for serotonin qualifier. Collision
Energy (CE) was 20 V for histamine-d4 and histamine quan-
tifier, 30 V for histamine qualifier, 14 V for serotonin-d4,
13 V for serotonin quantifier, and 30 V for serotonin quali-
fier. Data acquisition was achieved in multiple reaction mon-
itoring scanning mode (MRM). The mass transitions were
m/z 116.100/99.100 for histamine-d4, m/z 112.100/95.100
as the quantifier for histamine, m/z 112.100/68.000 as the
qualifier for histamine, m/z 181.100/164.100 for serotonin-
d4, m/z 177.100/160.100 as the quantifier for serotonin, and
m/z 160.100/115.100 as the qualifier for serotonin. In addi-
tion, both analytes were qualitatively confirmed by correla-
tion of full enhanced product ion spectra measured for his-
tamine (Fig. 1) and serotonin (Fig. 2) with database. Analyst

Software provided by the manufacturer (SCIEX OS 1.7.0)
was used for data analysis.

Statistical Analysis

The statistical analysis was performed with R 4.1.2 software
[8]. For statistical purposes, patients were grouped accord-
ing to their diagnosis: myeloproliferative neoplasms, myelo-
dysplastic syndromes, acute leukemias, lymphoproliferative
diseases, other non-malignant hematological diseases, and
mastocytosis. Correlations between quantitative variables
were assessed using the Spearman correlation coefficient,
and the values of quantitative variables in 6 groups were
compared using the Kruskal-Wallis test. The significance
of differences between groups was verified using the post-
hoc Dunn's test. Differences were considered significant at
p value <0.05.

Results

Histamine and Serotonin Concentrations in Marrow
Bone

Concentrations measured in all samples were
344.11+959.09 ng/mL for histamine and 0.61 +3.69 ng/
mL for serotonin (mean + standard deviation). Histamine
levels in 67% of all the samples were within the range of
20-200 ng/ml (blood normal levels), whereas 83% of all
serotonin measurement and 97% for non-malignant hema-
tological diseases, were below detection limit (0.2 ng/mL).

Correlation Between Histamine, Serotonin
Concentration and Hematological Disease Groups

Statistical analysis showed that histamine levels were sig-
nificantly higher in samples collected from patients with
mastocytosis and myeloproliferative neoplasms than in
samples from patients with myelodysplastic syndromes,
acute leukemias, lymphoproliferative neoplasms, or other
non-malignant hematological diseases (Fig. 3). However,
no significant differences were found for serotonin levels
between individual disease groups (Fig. 4).

Correlation Between Histamine, Serotonin
Concentration and Complete Blood Count
Parameters

Statistical analysis showed a significant (p“0.05) and posi-
tive (r’0) correlation between the level of histamine and the
white blood cell count, platelet count, as well as percent-
ages of neutrophils, eosinophils and basophils. There was a
significant (p“0.05) and negative (r*0) correlation between
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Fig. 1 Histamine mass spectrum recorded in enhanced product ion mode for qualitative confirmation

histamine levels and percentage of lymphocytes (Fig. 5). We
found a significant (p<0.05) and positive (r"0) correlation
between serotonin concentration and counts of white blood
cells and platelets, and a significant (p0.05) negative (r°0)
correlation between serotonin and MCHC and the percent-
age of lymphocytes (Fig. 6).

Discussion

Undoubtedly, the functions of cells should be closely
associated with the substances produced, accumulated,
released and/or transported by these cells. Findings from
routine tests analyzing complete peripheral blood refer
only to the counts and morphotic features of the cells
under evaluation, which does not have to be synonymous
with their physiological functionality. Only an additional
evaluation of the levels of compounds specifically accu-
mulated by these cells appears to precisely reflect their full

@ Springer

potential for physiological activity. Although analytical
techniques including flow cytometry allow for the deter-
mination of the degree of cell granularity, this method is
unable to precisely define the chemical composition of
cells. Dedicated diagnostic procedures (immunochemi-
cal or chromatographic methods) currently allow for the
measurement of the concentration of specific chemical
compounds produced by a given type of cells. It should be
emphasized that the functionality of cells expressed by the
level of specific compounds may refer not only to physi-
ological conditions, but should also be related to patho-
genic conditions. For example, in patients with cutaneous
mastocytosis, itching, urticaria, and erythema result from
the increased proliferation of mast cells in the skin and
their degranulation followed by the release of histamine.
Therefore, the measured levels of mediators may reflect
not only their activity, but also the number of certain cells,
indicating in this way a specific disease closely associated
with a given cell type.
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Fig.2 Serotonin mass spectrum recorded in enhanced product ion mode for qualitative confirmation

In this study we focused on two mediators, histamine
and serotonin, and examined their concentrations in bone
marrow niche for the first time. No data on reference levels
for bone marrow were available at the moment of study,
and therefore we used reference values for peripheral blood,
which were determined with ELISA, LC-MS/MS, i.e.
20-200 ng/mL for histamine and 100-300 ng/mL for sero-
tonin [9, 10]. In most analyzed cases, the levels of histamine
measured in bone marrow were within the normal reference
range determined for blood, which indicates that histamine
is produced and accumulated already in the bone marrow.
Our observations are consistent with findings by Hu Li et al.
(2020), who reported that myeloid cells expressing histidine
decarboxylase (HDC) are the dominant cells in bone marrow
and maintain a high level of histamine in the bone marrow
cavity [11]. On the other hand, serotonin levels measured in
most bone marrow samples were below the limit of quantifi-
cation of the method used (0.2 ng/mL), which is significantly
lower than the reference values defined for blood. Thus, it

is reasonable to claim that the synthesis of serotonin takes
place in the extramedullary regions, and its potential levels
in bone marrow higher than 0.2 ng/mL are unlikely to be a
physiological feature. Our special attention was drawn to
one case where the concentration of serotonin was much
higher than in other samples (as much as 35.7 ng/mL), in
addition to a high concentration of histamine (3083.7 ng/
mL). This sample was collected from a patient diagnosed
with chronic myeloid leukemia, specified as the megakar-
yocytic and granulocytic variant in the descriptive part of
the myelogram. The high concentration of serotonin in this
case could be associated with an abnormally high prolifera-
tion of megakaryocytes because these platelet precursors
are able to synthesize serotonin in vitro, as reported by Kir-
ouac et al. [12]. Although our study population included
only one patient with this type of disease, findings appear
to be very characteristic for this variant of disease and sug-
gest that megakaryocytes can produce serotonin not only in
vitro, but also in vivo.
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Fig.3 Box plot representing the
correlation between histamine
levels and groups of hemato-
logical diseases

Fig.4 Box plot representing the
correlation between serotonin
levels and groups of hemato-
logical diseases
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Fig.5 Correlations between histamine level and complete blood count parameters

main cells that produce histamine. In systemic mastocytosis,
excessive accumulation of mast cells is observed in differ-
ent organs, including bone marrow. Thus, the observed high
histamine levels in bone marrow in patients with mastocy-
tosis most likely result from the synthesis and accumula-
tion of histamine in the granular components of mast cells
already in the bone marrow, including cells with malignancy.
Although the validity of our inference is limited because the
number of cases in this group was small (n=2) yet reflecting
the low incidence of mastocytosis in the general popula-
tion, it appears that histamine might be a useful biomarker
in hematological diagnostics due to its high selectivity for
systemic mastocytosis. Interestingly, patients with systemic
mastocytosis had high levels of histamine only in bone mar-
row, with levels in complete blood/plasma showing no sig-
nificant abnormalities.

We also found significant correlations between hista-
mine levels in patients with myeloproliferative neoplasms,
characterized by the proliferation of the myeloid lineage of
hematopoietic stem/progenitor cells, including the precur-
sors of histamine-synthesizing cells. It can be assumed that
these cells produce histamine already in the bone marrow
stem cell niche, and their increased proliferation leads to an

increase in the concentration of histamine measured in bone
marrow aspirates.

On the other hand, the statistical analysis of measured
serotonin levels did not show significant correlations with
the analyzed groups of hematological diseases (Fig. 4),
although, as mentioned before, the increased level of sero-
tonin could be associated with increased megakaryocytic
proliferation.

Evaluation of histamine levels in relation to specific blood
count parameters revealed a significant positive correlation
with the counts of platelets, white blood cells, percentages of
neutrophils, basophils, eosinophils, and a negative correla-
tion with the percentage of lymphocytes (Fig. 5). It is known
that neutrophils can synthesize histamine, but at concentra-
tions much lower than those found in basophils and mast
cells [13, 14]. In the physiological state, a portion of mature
neutrophils (up to 2%) migrates to the bloodstream, while
a significant pool of them remains in the bone marrow and
is termed the bone marrow reserve [15]. The observed cor-
relation indicates that histamine is produced by neutrophils
still residing in bone marrow. As neutrophils account for the
majority of white blood cells in the blood, this may explain
the positive correlation with WBC. Similarly, basophils are
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among the main cells that synthesize and accumulate hista-
mine and they can, in view of our findings, produce hista-
mine in bone marrow. Both types of cells are released from
bone marrow in a fully functional form, i.e. they contain
adequate levels of histamine. Interestingly, a positive cor-
relation of histamine levels was also found for eosinophils,
regardless of the fact that they contain histaminase in the
granular components. This observation appears to highlight
the special role of individual cell lineages as storage sites
for histamine. On the other hand, the main physiological
effect of histamine is produced after cell degranulation and
histamine release, and is not associated with the intracel-
lular activity of histamine. The presence of both histamine
and histaminase accumulated in eosinophils must be associ-
ated with a shorter activity of histamine after degranulation,
compared to other granulocytes not containing histaminase.

Although some studies have reported a possible hista-
mine production by lymphocytes [16, 17], our research
does not provide evidence supporting the significant role
of these cells in the accumulation and release of high
amounts of histamine. On the contrary, a significant nega-
tive correlation was found between the concentration of

@ Springer

Serotonin [ng/ml]

histamine in bone marrow and the percentage of lympho-
cytes in the blood. This is most likely due to the fact that
while lymphocytes can synthesize histamine de novo, they
are not an accumulation site for histamine, unlike mast
cells or basophils.

More detailed and complex research is required to
explain the negative correlation between levels of seroto-
nin in bone marrow and the percentage of lymphocytes and
MCHC measured in peripheral blood. It should be noted
that the MCHC in clinical terms is not interpreted alone,
and in the studied group of patients the remaining red cell
markers did not show any significant correlation with the
concentration of serotonin in bone marrow.

However, statistical analysis revealed a positive, sig-
nificant correlation between serotonin level and WBC, and
the platelet count. It is known that platelets only transport
serotonin produced outside bone marrow by enterochro-
maffin cells, but are unable to synthesize it [18, 19]. There-
fore, our findings may confirm the results of studies on the
in vivo synthesis of serotonin by its precursors located in
bone marrow.
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Conclusion

Our study revealed for the first time that the concentration of
histamine in bone marrow is comparable to the values meas-
ured in blood in a physiological state. We found very high lev-
els of histamine only in patients with systemic mastocytosis,
and linked it with an increased accumulation of mature mast
cells in bone marrow. It is worth noting, that while histamine
levels are typically in the range of 20-200 ng/mL, they are
20-30 times higher in patients with mastocytosis. Although
the study group was small and further research is required for
drawing final conclusions, such a huge disproportion of the
measured levels and its obvious cause indicate the potential
clinical value of histamine level as a selective and sensitive
biomarker for systemic mastocytosis. We also noted high lev-
els of histamine in patients with myeloproliferative diseases,
which is consistent with the specific nature of these medical
conditions and may result from the increased proliferation
of histamine-containing cells. Serotonin, on the other hand,
is not produced in significant amounts by bone marrow, and
its increased levels may indicate an increased proliferation of
megakaryocytes in bone marrow.

Author Contribution TJ — principal researcher manuscript preparation,
discussion and conclusions.

UK - LC-MS measurements and method validation.

MZ — bioethical considerations and protocols.

AL — samples collection and clinical data preparation.

KK - samples collection and clinical data preparation.

AZ — statistical analysis.

KBJ—clinical diagnosis and assignment of patients to groups of
hematological diseases.

Funding This study was supported by Pomeranian Medical University
in Szczecin.

Availability of Data and Materials Raw data is stored on local disks in
the Forensic Medicine Department and is available on request. In this
matter, please contact the corresponding author.

Declarations

Ethical Approval The study was conducted after obtaining the consent
of the bioethics committee in accordance with applicable low regula-
tions.

Consent to Participate Not applicable.

Consent to Publish The authors consent to the publication of the pre-
sented results in Stem Cell Reviews and Reports.

Competing Interests The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ptolemy, A. S., & Rifai, N. (2010). What is a biomarker?
Research investments and lack of clinical integration necessi-
tate a review of biomarker terminology and validation schema.
Scandinavian Journal of Clinical and Laboratory Investiga-
tion, 70(sup242), 6-14. https://doi.org/10.3109/00365513.2010.
493354

2. Lee, W, Um,J., Hwang, B., Lee, Y. C., Chung, B. C., & Hong, J.
(2020). Assessing the progression of gastric cancer via profiling of
histamine, histidine, and bile acids in gastric juice using LC-MS/
MS. The Journal of Steroid Biochemistry and Molecular Biology,
197, 105539. https://doi.org/10.1016/.jsbmb.2019.105539

3. Nelis, M., Decraecker, L., Boeckxstaens, G., Augustijns, P., &
Cabooter, D. (2020). Development of a HILIC-MS/MS method
for the quantification of histamine and its main metabolites in
human urine samples. Talanta, 220, 121328. https://doi.org/10.
1016/j.talanta.2020.121328

4. Zadeh, A. R., Falahatian, M., & Alsahebfosoul, F. (2018).
Serum levels of histamine and diamine oxidase in multiple scle-
rosis. American Journal of Clinical and Experimental Immunol-
ogy, 7(6), 100-105.

5. Kanbayashi, T., Kodama, T., Kondo, H., Satoh, S., Inoue, Y.,
Chiba, S., Shimizu, T., & Nishino, S. (2009). CSF histamine
contents in narcolepsy, idiopathic hypersomnia and obstructive
sleep apnea syndrome. Sleep, 32(2), 181-187. https://doi.org/
10.1093/sleep/32.2.181

6. Kakolyri, M., Strikou, F., Kavallari, A., Chliva, C., Makris, M.,
& Tiligada, E. (2019). Increased basal blood histamine levels
in patients with self-reported hypersensitivity to non-steroidal
anti-inflammatory drugs. International Archives of Allergy and
Immunology, 181(1), 24-30. https://doi.org/10.1159/000503968

7. Thangam, E. B., Jemima, E. A., Singh, H., Baig, M. S., Khan, M.,
Mathias, C. B., Church, M. K., & Saluja, R. (2018). The role of
histamine and histamine receptors in mast cell-mediated allergy
and inflammation: The hunt for new therapeutic targets. Frontiers
in Immunology, 9. https://doi.org/10.3389/fimmu.2018.01873

8. R Core Team. (2016). R: A language and environment for sta-
tistical computing. Vienna, Austria. https://www.R-project.org/

9. Szeitz, A., & Bandiera, S. M. (2017). Analysis and measurement
of serotonin. Biomedical Chromatography, 32(1), e4135. https://
doi.org/10.1002/bmc.4135

10. Northwest Life Science Specialities. (n.d). Histamine ELISA
kit- Product Instruction. https://www.nwlifescience.com/produ
ct_insert/nwk-hisO1_product_insert.pdf

11. Li, H., Tang, C., Zhu, X., Zhang, W., Abudupataer, M., Ding,
S., Duan, C., Yang, X., & Ge, J. (2020). Histamine deficiency
facilitates coronary microthrombosis after myocardial infarc-
tion by increasing neutrophil-platelet interactions. Journal of
Cellular and Molecular Medicine, 24(6), 3504-3520. https://
doi.org/10.1111/jcmm.15037

12. Kirouac, D. C,, Ito, C., Csaszar, E., Roch, A., Yu, M., Sykes, E.
A., Bader, G. D., & Zandstra, P. W. (2010). Dynamic interaction
networks in a hierarchically organized tissue. Molecular Systems
Biology, 6(1), 417. https://doi.org/10.1038/msb.2010.71

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3109/00365513.2010.493354
https://doi.org/10.3109/00365513.2010.493354
https://doi.org/10.1016/j.jsbmb.2019.105539
https://doi.org/10.1016/j.talanta.2020.121328
https://doi.org/10.1016/j.talanta.2020.121328
https://doi.org/10.1093/sleep/32.2.181
https://doi.org/10.1093/sleep/32.2.181
https://doi.org/10.1159/000503968
https://doi.org/10.3389/fimmu.2018.01873
https://www.R-project.org/
https://doi.org/10.1002/bmc.4135
https://doi.org/10.1002/bmc.4135
https://www.nwlifescience.com/product_insert/nwk-his01_product_insert.pdf
https://www.nwlifescience.com/product_insert/nwk-his01_product_insert.pdf
https://doi.org/10.1111/jcmm.15037
https://doi.org/10.1111/jcmm.15037
https://doi.org/10.1038/msb.2010.71

816

Stem Cell Reviews and Reports (2023) 19:807-816

13.

14.

15.

16.

17.

Alcaiiz, L., Vega, A., Chacon, P, El Bekay, R., Ventura, 1., Aroca,
R., Blanca, M., Bergstralh, D. T., & Monteseirin, J. (2013). His-
tamine production by human neutrophils. The FASEB Journal,
27(7), 2902-2910. https://doi.org/10.1096/1j.12-223867
Hirasawa, N. (2019). Expression of histidine decarboxylase and
its roles in inflammation. International Journal of Molecular
Sciences, 20(2), 376. https://doi.org/10.3390/ijms20020376
Rankin, S. M. (2010). The bone marrow: A site of neutrophil
clearance. Journal of Leukocyte Biology, 88(2), 241-251.
https://doi.org/10.1189/j1b.0210112

Huang, H., Li, Y., Liang, J., & Finkelman, F. D. (2018). Molecular
regulation of histamine synthesis. Frontiers in Immunology, 9.
https://doi.org/10.3389/fimmu.2018.01392

O’Mahony, L., Akdis, M., & Akdis, C. A. (2011). Regulation
of the immune response and inflammation by histamine and his-
tamine receptors. Journal of Allergy and Clinical Immunology,
128(6), 1153-1162. https://doi.org/10.1016/j.jaci.2011.06.051

@ Springer

18.

19.

de Vernejoul, M. C., Collet, C., & Chabbi-Achengli, Y. (2012).
Serotonin: Good or bad for bone. BoneKEy Reports, 1. https://doi.
org/10.1038/bonekey.2012.120

Obermanns, J., Flasbeck, V., Steinmann, S., Juckel, G., & Emons,
B. (2022). Investigation of the serotonergic activity and the sero-
tonin content in serum and platelet, and the possible role of the
serotonin transporter in patients with depression. Behavioral Sci-
ences, 12(6), 178. https://doi.org/10.3390/bs12060178

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1096/fj.12-223867
https://doi.org/10.3390/ijms20020376
https://doi.org/10.1189/jlb.0210112
https://doi.org/10.3389/fimmu.2018.01392
https://doi.org/10.1016/j.jaci.2011.06.051
https://doi.org/10.1038/bonekey.2012.120
https://doi.org/10.1038/bonekey.2012.120
https://doi.org/10.3390/bs12060178

	Histamine and Serotonin Levels in Bone Marrow Stem Cells Niche as Potential Biomarkers of Systemic Mastocytosis and Myeloproliferative Disorders
	Abstract
	Introduction
	Methods
	Sampling and Storage of Bone Marrow Niche Material
	Determination of Hematological Blood Parameters
	Preparation of Bone Marrow Samples for the Analysis of Histamine and Serotonin Levels
	LC–MSMS Analysis
	Statistical Analysis

	Results
	Histamine and Serotonin Concentrations in Marrow Bone
	Correlation Between Histamine, Serotonin Concentration and Hematological Disease Groups
	Correlation Between Histamine, Serotonin Concentration and Complete Blood Count Parameters

	Discussion
	Conclusion
	References


