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Introduction

Pruritus is a consequence of activation of cutaneous nerve

Abstract

Pruritus is a major distressing symptom, common in inflammatory diseases,
like Cutaneous T-Cell Lymphoma (CTCL) and mastocytosis. We aimed to
study the involvement of some molecules, namely, cytokines, neuromediators,
endothelial adhesion molecules and angiogenic factors, in the severity of
pruritus associated to CTCL and mastocytosis.

CTCL - Mycosis Fungoides (MF, n=17) and Sézary syndrome (SS, n=10) and
mastocytosis patients (n=17) were evaluated. Interleukin (IL)-8, IL-31, Vascular
Endothelial Growth Factor (VEGF), E-selectin, serotonin and C-reactive protein
(CRP) levels, were assessed; tryptase was measured in mastocytosis. Pruritus
severity was assessed, using a Visual Analogue Scale (VAS).

Compared to controls (n=29), CTCL patients presented higher CRP and
IL-31. SS patients had higher IL-31, E-selectin and CRP than MF patients and
controls. Itch correlated with IL- 31 and E-selectin, when considering all CTCL
patients; in SS, itch correlated with E-selectin. Advanced CTCL stages revealed
higher IL-31, E-selectin and CRP than early stages, and controls; itch intensity
correlated with IL-31 and E-selectin, in advanced stages. Mastocytosis showed
higher serotonin and VEGF, compared to controls, and itch intensity correlated
with tryptase.

Data suggest that in mastocytosis, serotonin is an important biomarker and
that tryptase levels reflect itch intensity; IL-31 and E-selectin appear to be more
important mediators in CTCL and strongly correlated with itch severity. The
different involvement of studied mediators, probably due to different immune
responses, suggests that different mechanisms underlie these diseases and
may lead to different itch mechanisms.

Keywords: Cutaneous T-cell lymphoma; Vascular endothelial growth
factor; C-reactive protein

lymphomas. The majority of CTCL are malignant diseases of mature
CD4* cells, including the variants Mycosis Fungoides (MF) and
Sézary Syndrome (SS). Mastocytosis is a heterogeneous group of

endings by noxious stimuli, namely by inflammatory mediators,
neurotransmitters and neuropeptides [1]. Pruritus is a major and
distressing symptom, common in inflammatory conditions, such as
Cutaneous T Cell Lymphoma (CTCL) and mastocytosis. Initiation
and progression of inflammation is associated with various signaling
pathways, involving different mediators [2].

CTCL is the most common form of primary cutaneous

clinical disorders characterized by accumulation and activation of
clonal mast cells in the skin, bone marrow and other organs and/or
tissues.

Histamine has been the most studied pruritogen, but
antihistamines do not ameliorate pruritus in all pruritus-associated
conditions. Non-histaminergic itch is difficult to treat, and several
mediators are pointed as possible intervenient in this process [3].
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Serotonin mediates pruritus that seems to be processed by
the same molecular signaling cascade as histamine [4], although
independently. Serotonin induced non-histaminergic itch in skin
lesions of atopic dermatitis patients [5], and treatment with an
antagonist of serotonin receptor did not relieve pruritus induced by
histamine in healthy subjects [6].

Cytokines are immunomodulators of the inflammatory response.
IL-31 is synthesized by a variety of cells, including lymphocytes,
specially Th2 cells, and mast cells [7] that has been proposed as
a potential mediator in the pruritus genesis in several diseases.
Increased IL-31 has been found in atopic dermatitis [8], mastocytosis
[9] and CTCL [10]. IL-31 receptors have been identified in dorsal root
ganglion neurons, suggesting that IL-31 may directly activate sensory
neurons and cause pruritus, without further interference of other
mediators [8].

IL-8 induces neutrophil mobilization, transmigration and
degranulation [11]. E-selectin, an adhesion molecule, recruits
leukocytes into the site of injury. In mastocytosis, mast cells infiltrated
in the bone marrow produce high Vascular Endothelial Growth
Factor (VEGF) levels [12]; and, in CTCL, the malignant T cells also
release high VEGF levels [13].

The crucial role of the immune response in inflammatory
conditions raises the hypothesis that some cytokines and growth
factors that are important for inflammatory response may also be
involved in the genesis of pruritus. The response to similar therapeutic
strategies to treat pruritus is often different for different diseases,
strengthening the need to clarify the underlying mechanisms of
pruritus and to identify potential mediators involved. We aimed
to evaluate, in CTCL and mastocytosis patients, the levels of some
mediators that may contribute to pruritus, and to evaluate their
relationship with pruritus severity.

Material and Methods

Subjects

The study protocol was approved by scientific and ethic
committees of Centro Hospitalar Universitario do Porto (CHUP).
This study was carried out in accordance with the principles from
the Declaration of Helsinki. Subjects were invited to participate and
enrolled in the study after informed and written consent, respecting
their privacy rights.

Adult patients presenting CTCL (n=29) and mastocytosis (n=17)
were included in the study; the control group included 29 healthy
volunteers (Table 1).

Diagnosis and classification of CTCL followed the
recommendations of the 2018 update of the European Organization
for Research and Treatment of Cancer (EORTC) for primary
cutaneous lymphomas, and the World Health Organization’
classification of tumors of hematopoietic and lymphoid tissues [14].
Lymphoma TNMB (tumor-node-metastasis-blood) staging was
established using the ISCL/EORTC revision for Mycosis Fungoides
Cooperative Group classification and staging system for CTCL
[15]. All CTCL patients had active disease at the time of the study;
none of them were receiving chemotherapy at the time of the study.
Symptomatic treatment for pruritus included antihistamines H1 and/

or leukotriene antagonists, such as montelukast.

The diagnosis and classification of mastocytosis were established
according to the 2016 updated classification of tumors of
hematopoietic and lymphoid tissues [16]. All mastocytosis patients
were studied while following-up the disease and they were only under
symptomatic treatment, which included antihistamines H1 and
H2, leukotriene antagonists, such as montelukast, and/or mast cell
stabilizers, such as ketotifen and sodium chromoglycate.

The intensity of pruritus was assessed by using a Visual Analogue
Scale (VAS), ranging from 0 (absence of itch) to 10 (the severest itch
ever felt by the subject).

Analytical assays

Blood was collected and processed within 2 hours, in order to
obtain serum; serum aliquots were immediately stored at -80°C until
assayed.

IL-8, IL-31 (BioLegend, California, USA), VEGF, E-selectin,
(eBioscience, California, USA), C-reactive protein (CRP; R&D
Systems, Minneapolis, USA) and serotonin (Enzo Life Sciences, New
York, USA) were quantified using Enzyme-Linked Immunosorbent
Assays (ELISA).

In mastocytosis, tryptase levels were evaluated by Fluoro-
Immuno-Enzymatic Assay (ImmunoCap, ThermoFisher Scientific,
Massachusetts, USA).

Statistical analysis

Statistical analysis was performed using the Statistical Package
for Social Sciences (SPSS, version 22.0, Chicago, IL, USA) for
Windows. Data is presented as median levels [interquartile range,
IQR]. To evaluate differences between groups, the Kruskal-Wallis H
test was used and, when statistical significance was achieved, single
comparisons (two groups) were made by using the Mann-Whitney
U test. Spearman’s rank correlation coefficient was used to evaluate
relationships between sets of data. A P value <0.05 was considered
statistically significant.

Results

Considering CTCL patients, 58.5% were diagnosed with MF and
34.5% with SS (Table 1). Using the TMNB staging, 10 patients were at
stage Ia, 9 at stage Ib, 1 at stage IIb, 4 at stage IIIb, and 5 at stage IVa;
totalizing 69% patients with early and 31% patients with advanced
disease. In all cases, the lymphoma originated from CD4* T cells.

The median itch intensity in CTCL (Table 2) was of 1.0 (IQR:
[0.0-9.0]); the SS patients, presented higher values than MF patients.
CTCL patients with advanced disease presented higher itch intensity.

Mastocytosis patients had predominantly systemic mastocytosis
(SM; 88.2%); and all patients showed maculopapular skin lesions
(Urticaria Pigmentosa) (Table 1). The KIT D816V mutation was
positive in 13 cases. Tryptase levels were increased in 13 patients,
being higher than 20ng/mL in 8 cases (minor criteria for the
diagnosis of SM), and exceeding 200ng/mL in two patients (both with
smoldering SM).

The median itch intensity in mastocytosis patients was of 1.0
(IQR: [0.0-1.5]).
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Table 1: Demographic and clinical data for controls and for Cutaneous T-Cell

Lymphoma (CTCL) and mastocytosis patients.

Controls (n=29)

Age, years

58 [57-62]

Gender, males/females

17 (58.6%)/12 (41.4%)

CTCL (n=29)

Age, years

v66 [55-74]

Gender, males/females

15 (51.7%)/14 (48.3%)

Disease classification

Mycosis Fungoides

17 (58.5%)

Classical MF

15 (51.7%)

MF variants

2 (6.9%)

Sézary Syndrome

10 (34.5%)

Primary cutaneous CD30+ ALCL

1 (3.4%)

CTCL, NOS

1 (3.4%)

Disease stage

Early disease (stage | + Il)

20 (69.0%)

Advanced disease (stages Il + V)

9 (31.0%)

Mastocytosis (n=17)

Age, years

v 43 [36-58]

Gender, males

5 (29.4%)/12 (70.6%)

Disease classification

Cutaneous Mastocytosis

2 (11.8%)

Systemic Mastocytosis

15 (88.2%)

Indolent SM 11 (64.7%)
Smoldering SM 2 (11.8%)
Aggressive SM 0 (0.0%)
Mast cell leukemia 0 (0.0%)
SM-AHN 2 2 (11.8%)

KIT D816V mutation in the peripheral blood 3 23

Positive

13 (76.5%)

Negative

4 (23.5%)

Serum tryptase levels, ng/mL

15.9 [9.1-42.6]

Normal (<11.4)

4 (23.5%)

Increased (>11.4)

13 (76.5%)

Increased (>20) 2

8 (47.1%)

ALCL: Anaplastic Large Cell Lymphoma; MF: Mycosis Fungoides; NOS:
Not Otherwise Specified; SM: Systemic Mastocytosis; SM-AHN: Systemic
Mastocytosis Associated to other non-mast cell Hematological Neoplasm.

Data is presented as median values [interquartile range, IQR] or as absolute and
relative frequencies, expressed as percentages (%).

a0One patient had Indolent SM associated with Essential Thrombocytemia
and another patient had ISM associated with Refractory Anemia with Ring
Sideroblasts and Thrombocytosis (RARS-T). #The presence of the KIT D816V
mutation was evaluated in DNA extracted from total peripheral blood cells, using
an Allele-Specific Quantitative Oligonucleotide Polymerase Chain Reaction
(ASO-gPCR) (sensitivity: 0.01%). *@Minor criteria for the diagnosis of SM.

bPys control <0.05; **Pvs control <0.01; ®®Pvs control <0.001; °Pvs CTCL <0.05;
«Pyvs CTCL<0.01; «Pvs CTCL <0.001.

Patients and controls were matched for gender; CTCL patients
were older than controls, while mastocytosis patients were younger
(Table 1).

As compared to controls (Table 2), mastocytosis patients
showed higher serotonin and VEGF and a trend towards higher CRP
(P=0.092); while CTCL patients presented higher CRP and IL-31, as
well as a trend towards higher E-selectin (P=0.077) and serotonin
(P=0.065).

Considering CTCL, SS patients (Table 2) presented higher IL-
31, E-selectin and CRP than MF patients and controls; MF patients
showed a trend towards higher serotonin, when compared to controls
(P=0.074).

Patients at advanced CTCL stages (stages III and IV) presented
higher IL-31, E-selectin and CRP, than patients at early stages of the
disease and controls (Table 2).

In mastocytosis, the itch score correlated with tryptase (Figure 1);
in CTCL, itch score correlated with age (rS=0.511; P=0.005), IL-31
and E-selectin; in CTCL patients with advanced disease, itch intensity
correlated with IL-31 and E-selectin; SS patients presented also a
positive correlation between, itch score and E-selectin (Figure 1).

In mastocytosis, serotonin correlated inversely with IL-8 (rS=-
0.645; P=0.005) and with tryptase (rS=-0.624; P=0.007).

In CTCL, IL-31 correlated with age (rS=0.511; P=0.005), IL-8
(rS=0.395; P=0.037), CRP (rS=0.599; P=0.001) and E-selectin
(rS=0.520; P=0.005); CRP correlated with IL-8 (r$=0.493; P=0.007),
E-selectin (r$=0.613; P<0.001) and VEGF (rS=0.371; P=0.047).

In MF and early stages of CTCL, IL-31 correlated with IL-8
(rS$=0.539,P=0.026; rS=0.534, P=0.015; respectively) and with CRP
(rS$=0.545,P=0.024; rS=0.504, P=0.023; respectively); IL-8 correlated
with CRP (rS=0.555; P=0.021; rS=0.484, P=0.031; respectively) and
E-selectin (r$S=0.492, P=0.045; rS=0.493, P=0.027; respectively);
MF patients showed also a correlation between IL-31 and VEGF
(rS$=0.544; P=0.024). In CTCL patients with advanced disease,
E-selectin correlated with CRP (rS$=0.900, P=0.001); and VEGF
correlated with IL-8 (r$S=0.828, P=0.006). In SS patients, CRP
correlated with E-selectin (r$=0.891; P=0.001); and IL-8 correlated
with VEGF (r$=0.863; P=0.001).

Discussion

CTCL and mastocytosis are associated with inflammation,
showed by the enhanced CRP levels. Our data suggest an important
role for E-selectin, CRP and IL-31 in CTCL. These patients presented
higher IL-31 and CRP, as compared with controls; IL-31 correlated
with E-selectin and CRP, and these last two were also correlated;
E-selectin and IL-31 seem to reflect the severity of inflammation
in these patients. Both IL-31 and E-selectin were correlated with
itch intensity, suggesting that, in CTCL, these two biomarkers are
important for itch development and worsening. In advanced stages
of CTCL and in SS patients, presenting the highest pruritus, these
correlations were even more significant.

The SS and the CTCL patients at advanced stages of the disease
showed higher IL-31, E-selectin and CRP, compared to MF patients
and to CTCL patients at early stages, and to controls; both groups
showed a correlation between CRP and E-selectin. It seems that the
inflammatoryprocessismore pronouncedin SSandinlate CTCL stages
than in MF and early stage CTCL and contributes for development/
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Table 2: Analytical data and pruritus intensity for controls, mastocytosis patients and for subjects with Cutaneous T-Cell Lymphoma (CTCL), according to the variants

Mycosis Fungoides (MF) and Sézary Syndrome (SS) and according to stage of disease.

) Controls Mastocytosis _ _ _ Early stages (I+Il) Late stages (IlI+1V)
Solublemediators (n = 29) (n=17) CTCL (n =29) MF (n =17) SS (n =10) (n = 20) (=9
IL-8 (pg/mL) 9.3 [5.4-20.6] 8.0 [4.8-36.8] 10.2[4.8-26.6] | 11.1[4.8-26.6] 13.0 [4.9-30.1] 9.8 [4.8-26.3] 15.8 [4.6-37.8]
IL-31 (pg/mL) 7.8[2.2-15.2] 6.8 [2.3-30.4] a23.1[6.1-29.2] | 11.4[3.7-26.6] 283 [%5'1_139'9] 10.9 [3.7-26.0] asa 28.3 [25.1-53.1] ©

Serotonin (ng/mL)

165 [101-208]

2 240 [155-261]

182 [161-240]

186 [161-243]

240 [155-261]

181 [161-239]

201 [129-244]

E-selectin (ng/mL)

39.1[28.9-43.7]

36.1[28.6-53.7]

44.0[31.2-84.3]

35.3 [25.9-54.7]

84,3 [43.4-156.4] ®

35.0 [29.4-48.9]

@2 93 5[43.7-167.6] «

VEGF (pg/mL)

549 [366-678]

2849 [441-1243]

653 [429-879]

749 [429-822]

687 [330-1396]

640 [507-774]

720 [323-1464]

CRP (ug/mL)

0.71[0.33-1.02]

1.19 [0.51-5.48]

21,35 [0.51-5.48]

0.78[0.23-2.71]

a2 3 86 [1.04-8.47] °

0.90 [0.35-2.50]

aa .14 [1.21-9.79] ©

Pruritus (VAS) 1.0[0.0-1.5] 1.0[0.0-9.0] 0.0 [0.0-1.5] 9.0 [7.3-10.0] 0.0 [0.0-1.0] 10.0 [8.0-10.0] cc©
IL: Interleukin; CRP: C-Reactive Protein; VAS: Visual Analogue Scale; VEGF: Vascular Endothelial Growth Factor.
Data is presented as median levels [interquartile range, IQR].
aPvs control <0.05; #Pvs control <0.01; @2Pvs control <0.001.
"Pys MF <0.05; *°Pvs MF <0.01.
°Pvs early stages <0.05; “Pvs early stages <0.01; ®“°Pvs early stages <0.001.
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Figure 1: Correlations found between itch, assessed through VAS (Visual Analogue Scale), and tryptase (rS = 0.515; P = 0.034), in mastocytosis (a); IL-31 (rS =
0.675; P <0.001) and E-selectin (rS = 0.564; P = 0.001), in all CTCL patients (b and c, respectively); E-selectin (rS = 0.745; P = 0.021) and IL-31 (rS = 0.850; P =
0.007) in advanced CTCL stages (d and e, respectively); and E-selectin (rS = 0.884; P = 0.004) in Sézary Syndrome patients (f).

worsening of pruritus. IL-31 is produced by the malignant T cell clone
[17], and skin homing of malignant cells from SS patients seems to be
mediated, in a dependent manner, by E-selectin [18]. Our data are in
accordance with these findings, suggesting that IL-31 and E-selectin
are important players in CTCL mechanisms. The high IL-31 levels are
likely to result from an overwhelming production by T cell malignant
clone, and the elevated E-selectin may contribute to the development
of erythroderma, observed in SS patients.

In advanced disease and in SS, itch intensity correlated with
E-selectin, and, in advanced stages, itch was also correlated with IL-
31. Previous studies in psoriatic lesional skin indicated that E-selectin
is one of the possible mediators involved in pruritus in psoriasis, along
with neurogenic factors, activated mast cells and some cytokines [19].

In atopic dermatitis, E-selectin was found to correlate with the clinical
index SCORAD, a tool that evaluates the area affected, intensity of
some signs, and subjective symptoms, namely itch [20]. E-selectin
mediates homing of T lymphocytes from SS patients in rat skin
[18], suggesting an important role for E-selectin in SS mechanism.
The association found between E-selectin and itch score, suggest
that E-selectin is important for itch pathway in CTCL, especially in
SS and late stage patients, conditions that were associated with an
enhancement in inflammation, probably resulting from a complex
interplay between E-selectin, inflammation and T-lymphocytes.
Disruption of IL-31 production by malignant T lymphocytes
successfully abolished pruritus in SS patients [21], suggesting that
IL-31 may also be important for the pruritus mechanism in CTCL.
We found a positive correlation between itch and IL-31 that was even
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higher in advanced disease, further strengthening the role proposed
for this cytokine in pruritus development/worsening in CTCL. Our
data show that IL-31, E-selectin and CRP are especially enhanced in
advanced stages of CTCL and in SS patients, suggesting a complex
pruritus mechanism, involving several mediators.

A correlation of age with IL-31 and with itch score was observed,
which was not found for controls and mastocytosis patients. It seems
that older CTCL patients are more prone to enhancement of pruritus
and of IL-31 levels, probably as a consequence of immune system
compromise with aging.

Mastocytosis is characterized by an accumulation of clonal mast
cells in different organs and tissues. Tryptase, a serine proteinases
abundant in the secretory granules of mast cells, was reported
to induce pruritus in mice, in a mechanism involving Protease-
Activated Receptor-2 (PAR-2) [22]. In atopic dermatitis, both in a
mice model and in human skin, tryptase and PAR-2 were reported
to stimulate itch [23,24]. According to our data, in mastocytosis,
tryptase levels are closely related with pruritus intensity. Tryptase
may, actually, provide a marker of mast cell burden and activation
and, furthermore, a biomarker of itch severity.

Human mast cells are also able to produce and release serotonin
[25,26]. In our study, and in agreement with others, mastocytosis
patients presented higher serotonin levels [25]. In mastocytosis,
serotonin levels are distributed in a bimodal manner and are
not correlated with tryptase levels [26]. In our study, tryptase
levels correlated inversely with serotonin. According to the study
previously referred [26], patients with low serotonin levels were more
likely to present neurological and gastrointestinal disturbances. Mast
cell proliferation and activation is altered in mastocytosis, since the
neoplastic cells present activating mutation (usually D816V) in KIT,
the gene codifying for a transmembrane receptor for stem cell factor
(CD117) that is crucial for mast cell growth and differentiation [27].
As pointed by the authors [26], it is possible that storage and release
of serotonin in altered mast cells, or the degradation of serotonin
by mast cells products, contributes to abnormal serotonin levels,
explaining its little contribution to the clinical symptoms observed,
and, in the present study, to the negative correlation found with
tryptase. We can also speculate that an association between low
serotonin levels and more severe forms of mastocytosis may exist,
explaining the correlation found.

Mast cells also secrete growth factors, as VEGF, one of the most
important inducers of angiogenesis. Apparently, substance P induces
the production of VEGF by mast cells [28]. We found enhanced VEGF
in mastocytosis. SM has been associated with increased bone marrow
angiogenesis and with VEGF expression in mast cells infiltrates
[12], suggesting an important role for VEGF in the etiopathogenic
mechanism of mastocytosis.

The existence of higher IL-31 and E-selectin in CTCL, especially
in SS and advanced stages, and of high serotonin in mastocytosis
patients, may be related to the type of immune response involved in
these conditions. Early CTCL stages present a dominance of the Thl
profile; while in advanced stages occur a switch to a Th2 profile. In
early phases of MF, a T-helper (Th)1-biased response predominates,
whereas a Th2-type response is found in advanced MF cases; SS has a
Th2-type profile [29]; in mastocytosis, the Th2 pathway seems to have

an important role [17]. It is possible that the involvement of different
pathways in these disorders explain the different levels of the currently
studied biomarkers. In CTCL, the differences found between early
and advanced stages and between MF and SS, and the correlations
found for itch in the advanced and SS groups, may result from the
switch from Th1l to Th2.The increase in inflammation, observed in
late MF and in SS patients seems to be, actually, an important factor
for the differences found, when comparing early versus advanced
stages of CTCL, and MF versus SS patients.

Our data suggest that serotonin is an important biomarker in
mastocytosis, and that tryptase levels reflect itch intensity in this
condition, whereas IL-31 and E-selectin appear to be important
mediators in CTCL, acting as biomarkers of disease progression
and development/worsening of itch. The involvement of different
mediators in these two inflammatory conditions, which are probably
due to different immune responses, not only suggests that different
mechanisms underlie the genesis of these diseases, and may lead for
different itch mechanisms, but also explains the different therapeutic
responses to currently available treatments for itch, highlighting the
work that is still needed to optimize the treatment of pruritus.
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