Original paper

-2518A/G polymorphism of monocyte chemotactic
protein 1 (MCP-1/CCL2) is associated with cutaneous

mastocytosis

Hanna tugowska-Umer’, Monika Zabtotna!, Magdalena Lange!, Marek Niedoszytko? Roman J. Nowicki’,

Bogustaw Nedoszytko!

'Department of Dermatology, Venereology and Allergology, Medical University of Gdansk, Gdansk, Poland
2Department of Allergology, Medical University of Gdansk, Gdansk, Poland

Adv Dermatol Allergol 2021; XXXVIII (6): 10391043
DOI: https://doi.org/10.5114/ada.2021.112277

Abstract

Introduction: Mastocytosis is a rare heterogeneous disease associated with pathological accumulation of mast cells
(MCs) in one or more organs. The disease may be limited to the skin (cutaneous mastocytosis — CM), or present an
internal organ involvement (systemic mastocytosis — SM). Pathophysiology of the disease is not well established.
However altered proliferation, differentiation and chemotaxis of MC may play an essential role in the development
of the disease. The monocyte chemotactic protein 1 (MCP-1/CCL2) may be one of the factors responsible for MCs
migration to the skin and other organs.

Aim: To analyse the frequency of biallelic A/G polymorphisms at position -2518 in the promoter of the MCP-1 gene
and compare the serum level of MCP-1 in patients with both forms of mastocytosis and the healthy control group.
Material and methods: Using ARMS-PCR methods we analysed -2518A/G polymorphisms in the promoter region of
the MCP-1 gene in 127 mastocytosis patients (95 CM and 32 SM), and 160 healthy controls. Additionally, the MCP-1
serum level was detected with ELISA technique in 70 patients and 40 controls.

Results: We have found that CM patients have more frequently the GG genotype of the MCP-1 gene (p = 0.01) in
comparison to SM patients and controls. The GG genotype was more frequent in children than in adults (p = 0.02).
The MCP-1 serum level was higher in SM patients than in CM patients and controls.

Conclusions: Results of this study indicate that cutaneous mastocytosis could be associated with the -2518 A/G

MPC-1 gene polymorphism.
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Introduction

Mastocytosis is considered a disease of bone mar-
row origin, characterized by the clonal growth and sub-
sequent accumulation of the mast cells (MCs) in the tis-
sues.

WHO classification of mastocytosis includes: cutane-
ous mastocytosis (CM), where the MCs infiltration is lim-
ited to the skin, and systemic mastocytosis (SM), charac-
terized by the accumulation of the MCs in bone marrow
and internal organs. SM varies from clinically indolent to
aggressive forms. The third and most uncommon clinical
form is extracutaneous mast cell neoplasm, either malig-
nant or benign [1].

The diagnosis of CM is based on the histopathologi-
cal examination of the skin and clinical features like posi-
tive Darier sign.

The SM diagnosis requires the presence of the major
WHO criterion (= 15 MCs in aggregates in bone marrow
and/or other extracutaneous organ(s)) and one from four
minor criteria (1) the presence of atypical MCs in lesional
tissues, 2) the presence of the point mutation in codon
816 in KIT in bone marrow, peripheral blood, or any ex-
tracutaneous organ, 3) the aberrant expression of CD2
and/or CD25 by neoplastic MCs, 4) a persistently elevated
(> 20 ng/ml) tryptase serum level) [2].

Point mutations in the KIT gene (transmembrane ty-
rosine kinase receptor) plays the key role in pathogenesis
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of the disease [3]. But not only the KIT mutations are re-
sponsible for growth of mast cells. The new data suggest
the involvement of cytokines and chemokines like inter-
leukin (IL) 4 (IL-4), IL-6, IL-10, IL-13 and IL-31 in pathogen-
esis of mastocytosis [4-6]. One of the objects of interest
in the pathogenesis of mastocytosis is the mechanism
behind the pathological inflow of the MCs to the tissues.

MCs derive from the bone marrow progenitor cell
and migrate to the tissues where they mature under the
influence of local microenvironmental conditions [7, 8].
In physiological conditions MCs play a crucial role in in-
nate and acquired immunity, defence against infections,
but also effect on angiogenesis, proliferation, epithelium
remodelling, and cancer development mechanisms [9, 10].

After activation by diverse stimuli MCs release me-
diators: histamine, proteases, and the plethora of cyto-
kines like: GM-CSF, TNF-a,, IL-1, IL-3, IL-5 and chemokines:
eotaxin, IL-8, RANTES, MCP-1. Those molecules play an
important role in the pathogenesis of many allergic and
inflammatory diseases [9, 11]. It has been found that
MCs are recruited in the inflammatory site by MCP-1[12].
Moreover, mast cells in vitro release significant amounts
of preformed MCP-1 after stimulation with biological pro-
inflammatory stimuli (anti-Igt) [13].

The MCP-1/CCL-2 (monocyte chemoattractant pro-
tein-1) is a -chemokine member of the C-C chemokine
family and is found as a potent chemotactic factor ca-
pable of attracting the inflammatory cells like lympho-
cytes, macrophages and basophilic cells [13]. Also mast
cells can be recruited to the inflammatory site by MCP-1
and secrete proinflammatory mediators including hista-
mine, heparin, VEGF and IL-8 [13]. MCP-1 mediates its ef-
fect through the receptor CCR2 expressed on the MC[13].

The MCP-1 due to its emerging role in mediating the
inflammation by recruitment of inflammatory cells into
tissue, may become a target for diagnostic and thera-
peutic intervention and that is why it became one of the
most studied chemokine recently. There are data con-
firming that the polymorphism in the distal regulatory
region of the MCP-1 gene, at -2518 A/G position, affect
MCP-1 transcriptional activity in response to inflamma-
tory stimuli [14].

The association between polymorphic variants of
MCP-1 and pathogenesis of some inflammatory diseases
like rheumatoid arthritis [15], diabetes mellitus [16], and
multiple sclerosis [17] has been confirmed.

Genetic variations of MCP-1 have been reported to
influence the serum level of MCP-1 and the incidence of
myocardial infarction [18].

The involvement of MCP-1 in pathogenesis of mastocy-
tosis was confirmed by Greiner et al. [19]. The authors iden-
tified MPC-1 as a KIT D816V-induced cytokine. Moreover
patients with SM presented high serum levels of CCL-2,
and they correlated with poor survival outcome [19].
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To our knowledge, there were no studies presenting
association of the MCP-1 polymorphism and mastocytosis.

Aim
The aim of our study is to analyse the frequency of
biallelic A/G polymorphism at position -2518 in the pro-

moter region of the MCP-1 gene and the concentration of
MCP-1in the blood of SM, CM and control groups.

Material and methods

Two groups of patients were examined. In the first
group, the -2518 A/G polymorphism was detected. This
group consisted of 127 patients with mastocytosis, 95 di-
agnosed as CM (65 children, 30 adults) and 32 diagnosed
as SM (31 adults, 1 child).

In the second study group, in which the MCP-1 serum
level was evaluated, 70 patients and 40 controls were
included.

Diagnosis of systemic mastocytosis was based on
WHO criteria [2], and CM diagnosis was based on the
clinical examination and histopathological result. The
control group consisted of 160 patients. All subjects
were of Eastern European/Polish descent, and they were
exclusively the patients of the Department of Dermatol-
ogy, Venereology and Allergology and the Department of
Allergy and Pneumonology of the Medical University of
Gdansk.

The study was approved by the local research ethics
committee of the Medical University of Gdansk, Poland.

MCP-1 genotyping

The -2518 A/G polymorphism was detected using the
amplification refractory mutation system polymerase
chain reaction method (ARMS-PCR) [20].

MCP-1 serum levels

The serum concentration of MCP-1 was detected us-
ing the ELISA technique in 70 patients and 40 controls
(Human ELISA kit, Diaclone SAS, France).

Statistical analysis

x? analysis was employed to test the significance of
differences in the observed alleles and genotypes be-
tween groups. A logistic regression model was used to
calculate the odds ratios (ORs) and the 95% confidence
intervals (Cls). The Mann-Whitney U-test was used to
compare the median values, and the correlation was
determined using mean Spearman coefficient values.
Analyses were performed with the Statistica 12.0 soft-
ware package (StatSoft, Inc., 2015). P-value < 0.05 was
considered statistically significant.
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Results
MCP-1 polymorphisms

We have not found any statistically significant differ-
ences between the groups of patients with mastocytosis
and the control group (Table 1). But the MCP-1-2518 GG
genotype was more frequent in the children group of pa-
tients with mastocytosis comparing to the adult patients
with mastocytosis (24.24% vs. 4.92%, p = 0.002; OR =
6.19, 95% Cl: 1.70-22.47, p = 0.006), and also comparing
with the control group (24.24% vs. 10.63%, p = 0.008; OR
=2.69, 95% Cl: 1.26-5.73, p = 0.01).

Moreover, the GG phenotype was more common in
subjects with CM comparing to SM patients (18.95%
vs. 3.13%, p = 0.029; OR = 7.25, 95% Cl: 0.93-56.65,
p = 0.05).

In the group of children with CM, the -2518 GG geno-
type was more frequent in children with a less severe
form of the disease (area of skin involvement up to 49%)
(25.53% vs. 14.29%, p = 0.008).

MCP-1 serum level

The MCP-1 serum concentration was higher in the
group of patients with mastocytosis comparing to
healthy controls (median: 353.6; range: 149.2-664.0 vs.
median: 303.0; range: 130.4-544.4; p = 0.03) (Figure 1).

In group of an adults the MCP-1 concentration was
higher in adult group of the patients with mastocytosis
comparing to children group of pateints with mastocy-
tosis (median: 369.4; range: 149.2-622.6 vs. median:
344.0; range: 165.2-664.0; p = 0.037), and also statisti-
cally significantly higher comparing to healthy controls
(median: 369.4; range: 149.2-622.6 vs. median: 303.0;
range: 130.4-544.4; p = 0.003). The MCP-1 concentration
was also higher in SM patients (almost all adults) vs. con-
trols (p < 0.015).

Discussion

The mechanism of migration of the clonal MCs to the
skin and other organs is still not fully understood.

MCP-1 is thought to be one of the most potent che-
mokines, which may influence the recruitment of the
MCs into the tissue [13]. To our knowledge, the associa-
tion between the genetic polymorphism of -2518 A/G
MCP-1 and pathogenesis of mastocytosis has never been
published. The association of polymorphic variants of
MCP-1 and pathogenesis of systemic lupus erythematous
in Mexican patients has been proved [21], moreover Tucci
et al. established that GG and A/G genotypes were more
frequent in SLE patients comparing to the control group
[18]. The functional promoter polymorphism of MCP-1
was chosen due to the established effect on chemokine
expression [22].

Our study demonstrated the association of the
-2518 A/G polymorphism and cutaneous form of masto-
cytosis. We revealed that the GG phenotype was more
common in subjects with CM comparing to SM patients
(p = 0.002), and more frequent in children, especially
with a benign form of the disease. In the group of chil-
dren with mastocytosis, there was only one child with
SM and his genotype was AG. Those data may suggest
that the GG phenotype may have a “protective” effect on
the development and severity of mastocytosis.

Those findings might be explained by the fact that
the receptor for MCP-1 CCR2 presents both pro-inflam-
matory and anti-inflammatory functions [13]. The pro-
inflammatory role is mediated through the receptors
located on APCs and T-cells, and the anti-inflammatory
function of CCR2 is dependent on CCR2 expression in
regulatory T-cells [13]. MCP-1 is an attractant for eosino-
phils, monocytes, mast cells and basophils, and can also
drive Th-lymphocytes towards IL-4 — producing Th2 cells
[23]. In Th2-mediated diseases, like asthma, the CCL2
level is increased and its neutralization in animal mod-

Table 1. Frequencies of genotypes and alleles for MCP-1-2581 A/G in patients with mastocytosis and control subjects

Genotypes and alleles Controls Mastocytosis patients P-value CM patients SM patients P-value OR (CI)
MCP- 1-2581 A/G n =160 n =127 n=95 n=32 P-value
AA 85 66 NS 48 18 NS NS
53.13% 51.97% 50.53% 56.25%
AG 58 42 NS 29 13 NS NS
36.25% 33.07% 30.52% 40.62%
GG 17 19 NS 18 1 0.03 7.25
10.62% 14.96% 18.95% 3.13% (0.93-56.65)
0.05
n =320 n =254 n =190 n =64
A 228 174 NS 125 49 NS NS
71.25% 68.50% 65.79% 76.56%
G 92 80 65 15
28.75% 31.50% 34.21% 23.44%
OR - odds ratio, Cl — confidence interval, NS — not significant.
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Figure 1. Serum level of MCP-1 in group of patients with
mastocytosis (MC) and control group (controls)

els ameliorates the disease [24]. Based on those data,
Czech authors were studying the role of MCP-1in asthma
and allergy [25], but they failed to prove any association
between any of the investigated polymorphisms in the
MCP-1 and CCR2 genes and the clinical manifestation of
allergic diseases [25].

Moreover, CCL2 levels were confirmed to be higher in
rheumatoid arthritis [26], insulin resistant diabetes mel-
litus [27], inflammatory bowel diseases [28] and finally
the MCP-1 concentration was also elevated in ischemia
related neuronal death [29, 30].

Our data are in line with the experiments of Greiner
et al. [19]. Similarly, in SM patients we observed the ele-
vated serum level of MCP-1. To our knowledge, we are the
first who demonstrated that the MCP-1-2518 GG geno-
type was more frequent in the children group of patients
with mastocytosis comparing to the adult patients with
mastocytosis.

The MCP-1 level is higher in adults than in children
and in SM patients than in controls suggesting an as-
sociation with disease progression. Examination of the
MCP-1 expression in different tissues will be needed to
confirm the role of this chemokine in mastocytosis.

To define the role of chemokines in the pathogenesis
of diseases is still a challenge, especially because usually
they are a part of the “cascade”, where the final effect is
dependent on multiple co-factors.

Conclusions

We found the association of the -2518 A/G polymor-
phism and cutaneous form of mastocytosis. The GG phe-
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notype may have a “protective” effect on the develop-
ment and severity of mastocytosis.

The inhibition of this chemokine may present a thera-
peutic option or may be useful for predicting the course
of the disease [9]. We also obtain the hypothesis that
examination of genetic polymorphisms of the -2518
MCP-1 gene might become a predicting factor for the
clinical course of the disease. We are aware that this is
only a pilot study and further examinations should be
performed to establish that hypothesis.
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