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Summary

Background Neurotensin (NT) participates in immune responses, but the mechanisms
are not known. We have previously shown that NT augments the ability of cortico-
tropin-releasing hormone (CRH) to increase mast-cell-dependent vascular permeabil-
ity in rodents. We also showed that NT stimulates human mastcell release of vascular
endothelial growth factor, and that CRH is increased in the serum of patients with
atopic dermatitis (AD), an inflammatory skin condition involving mast cells.

Objectives To measure serum levels of NT, and lesional skin expression of NT and
the main NT receptor (NTR-1) in AD, and to compare it with skin expression in
chronic urticaria (CU) and urticaria pigmentosa (UP).

Methods Serum NT was measured with a Milliplex microbead array. Skin NT and
NTR-1 gene expression was determined with quantitative polymerase chain reac-
tion. Immunohistochemistry was performed using a mouse monoclonal antibody
for NT, and a rabbit polyclonal antibody for NTR-1. Mast cells were counter-
stained with Leder dye.

Results Neurotensin is significantly elevated in the serum of patients with AD
compared with healthy controls (P = 0.0001). NT gene expression is also signifi-
cantly increased in lesional skin of patients with AD compared with controls
(P =10.0194). of AD
NT > NTR-1 staining of perivascular cells, many of which are identified as mast

Moreover, immunohistochemistry lesions shows
cells after staining with Leder dye. There was no statistically significant difference
in NT and NTR-1 lesional skin gene expression in patients with either CU or UP.
Conclusions These results suggest that interactions between NT and mast cells may

occur and contribute to AD pathogenesis.

What’s already known about this topic?

e Atopic dermatitis worsens with stress, and its pathogenesis involves mast cells and
neuropeptides.

British Journal of Dermatology (2013) 169, pp695-699 695



696 Neurotensin levels and gene expression in AD, M. Vasiadi et al.

What does this study add?

e Neurotensin is increased in the serum and skin under stress. It activates mast cells
and stimulates release of inflammatory molecules.

e Neurotensin is increased in lesional skin of patients with atopic dermatitis but not
patients with chronic urticaria or urticaria pigmentosa.

Neurotensin (NT) is a vasoactive peptide originally isolated
from the brain,' and has been implicated in mast-cell activa-
tion through specific NT receptors (NTRs).” NT is increased
in the skin following acute stress; it stimulates skin mast cells
and increases vascular permeability in rodents.’

Mast-cell activation leads to the release of multiple mediators
with potent vasodilatory, inflammatory and nociceptive prop-
erties through which they participate in innate and acquired
immunity,* as well as in inflammation,” especially in the skin.®

Atopic dermatitis (AD) is a skin disease resulting in chronic
inflammation and severe pruritus.7 AD lesions contain
increased mast cells close to nerve endings,8 which contain
neuropeptides such as substance P,” and worsen with stress.

We investigated serum levels of NT, and NT and NTR-1
expression in lesional skin of patients with AD and compared
them with levels in patients with chronic urticaria (CU), urti-
caria pigmentosa (UP) and in healthy controls.

Materials and methods

Serum and full-depth punch skin biopsies (3 mm®) were
obtained out of allergy season from lesional skin of patients
with AD, CU and UP, and from controls who had not
received any local or systemic treatment for 15 days prior to
sample collection, and were free of major systemic medical
conditions. Patients with contact dermatitis were excluded by
history. Two patients with AD had asthma and one had aller-
gic rhinitis. Total serum IgE was within the normal range in
all but two patients with AD. Patients were selected from the
Attikon and A. Sygros Hospitals of the Athens University Med-
ical School (Athens, Greece). The institutional review boards
of both hospitals approved this protocol. All participants gave
their written informed consent according to the Declaration of
Helsinki principles. Skin biopsies were immediately placed in
RNAlater® solution (Ambion Inc., Austin, TX, U.S.A.) for
quantitative polymerase chain reaction (PCR), or in freezing
medium (Triangle Biomedical Sciences, Durham, NC, U.S.A.)
for immunohistochemistry, and were stored along with the
serum at —80 °C. Control skin samples from abdominal
reductions were obtained from the Agios Savas Oncology
Clinic (Athens, Greece), while control serum samples were
obtained from Agios Savas and the Ano Toumba IKA Poly-
clinic (Thessaloniki, Greece).

All control samples were processed identically to those from
patients and had no identifiers except for age and sex. There
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was no statistical difference in the mean age between controls
and patients. The SCORing Atopic Dermatitis (SCORAD) index
was calculated using the SCORAD Index application by Link-
Wave Inc. (http://linkwave.com/). The mean score for male
patients was 25-70 £+ 849 and for female patients
25-75 £ 6-01. The mean SCORAD score of those patients
(n = 5, out of season) who had either asthma (n = 2), allergic
(mn=1) or
24-18 % 5-63. There was no statistically significant difference

rhinitis high plasma IgE (n=2) was

among the SCORAD scores of any subgroups.

Quantitative polymerase chain reaction and neurotensin
measurement

Quantitative PCR was performed using the following TaqgMan
probes: Hs00175048_m1 for  NTS (NT  gene),
Hs00901551_m1 for NTSRI (NTR-1 gene) and 4310884E-
1102047 for GAPDH (glyceraldehyde 3-phosphate dehydro-
genase gene; Applied Biosystems, Foster City, CA, U.S.A.), as
described previously.'® Results were normalized against the
endogenous gene, GAPDH, and were expressed relative to the
mean of the control for each gene.

NT serum levels were measured using a Milliplex array,
which was performed blind by Millipore (Millipore, St
Charles, MI, U.S.A)).

Immunohistochemistry

Paraffin sections (4 pm) were cut, and immunohistochemis-
try was performed using an indirect biotin streptavidin
detection system (Ventana Medical Systems, Roche, Basel,
Switzerland) with the following primary antibodies: rabbit
polyclonal for NTR-1 (ab117592, 1 : 500 dilution; Abcam
Inc., Cambridge, MA, U.S.A.); mouse monoclonal for NT
(E5) (sc-377503, 1 : 50 dilution; Santa Cruz Biotechnology,
Santa Cruz, CA, US.A.)) and rabbit polyclonal for c-kit
(CD117, 1 : 200 dilution; Dako Cytomation, Carpinteria, CA,
USA).

Statistics

Patient serum levels and skin gene expression results were
compared with controls using the Mann—Whitney nonpara-
metric U-test. Significance of comparisons is denoted by
P < 0-05.
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Results

Serum levels of NT were significantly increased at
151-2 + 50-5 pg mL™' in patients with AD (n = 19; six
male, mean age 28 £ 10 years and 13 female, mean age
41 + 23 years) compared with 81-9 4 412 pg mL~' in
controls (n = 25; 15 male, mean age 49 £ 15 years and 10
female, mean age 43 £ 12 years; P = 0-0001) (Fig. la).
There was no apparent correlation between NT levels and clin-
ical status.

Skin NT gene expression was significantly increased in
affected skin samples from patients with AD (22 %+ 2-5;
n=16; 10 male, mean age 28 & 10 years and six female,
mean age 40 £ 24 years) compared with controls (1 % 1-2;
n = 25; six male, mean age 35 £ 16 years and 19 female,
mean age 52 £ 17 years; P = 0-0194) (Fig. 1b). There was
no significant difference in skin NTR-1 gene expression
between affected skin samples from patients with AD
(1-6 £ 1-6) and controls (1 £ 0-8) (Fig. lc).
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The presence of NT and NTR-1 proteins in lesional skin
was confirmed by immunohistochemistry. Control tissue
showed no positivity for either NT or NTR-1 (Fig. 2a, d).
Semiquantitative analysis of the cases studied (n = 5) revealed
higher expression of NT (Fig. 2b, ¢) than NTR-1 (Fig. le, f),
ranging from 26% to 50% of the dermal infiltrate. Mast cells
(Fig. 2g, solid arrow) were characteristically the most positive
cells, located mainly in the papillary dermis, as evidenced by
dark brown staining.

Skin NT and NTR-1 gene expression was not significantly
increased in affected skin samples from patients with CU
(0-8 £ 04 and 1-6 £ 1-5, respectively; n = 5; one male, age
75 years and four female, mean age 51 £ 17 years) com-
pared with controls (1 £+ 1.2 and 1 4 0.8, respectively;
n = 25; six male, mean age 35 % 16 years and 19 female,
mean age 52 &£ 17 years) (Fig. 3a, b). Skin NT and NTR-1
gene expression was also not significantly increased in affected
with UP (0-1 & 0-1 and
0-8 £ 0-6; n = 4; three male, mean age 22 £ 2 years and

skin samples from patients
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Fig 1. Scattergrams showing serum levels of neurotensin (NT), and NT and NT receptor (NTR)-1 gene expression in skin of patients with atopic

dermatitis (AD) and controls. (a) Serum NT (controls, n = 25; patients with AD, n = 19). Expression of (b) NT gene (controls, n = 25; AD,
n = 16) and (c) NTR-1 gene (controls, n = 25; AD, n = 16). Horizontal bars indicate the means.

Fig 2. Photomicrographs showing
immunohistochemistry of neurotensin (NT),
NT receptor (NTR)-1 and mast cells in
lesional atopic dermatitis (AD) skin. (a)
Healthy skin stained for NT (magnification
5x). (b, ¢) Skin of patient with AD stained
for NT (b, 20x; ¢, 40x). (d) Healthy skin
stained for NTR-1 (5x). (e, f) AD skin
stained for NTR-1 (e, 20x; f, 40x). (g) Mast
cells identified by naphthol AS-D chloroacetate
esterase (Leder) staining (20X, solid arrow)

and confirmed by c-kit (not shown).
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Fig 3. Scattergrams showing neurotensin
(NT) and NT receptor (NTR)-1 gene
expression in the skin of patients with chronic
urticaria (CU) and urticaria pigmentosa (UP),
and controls. (a, b) CU: gene expression of
(a) NT (controls, n = 25; patients with CU,
n = 5) and (b) NTR-1 (controls, n = 25; CU,
n = 5). (c, d) UP: gene expression of (c) NT
At (controls, n = 25; UP, n = 4) and (d) NTR-1
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one female, age 29 years) compared with controls (1 £ 1-2
and 1 &£ 0-8; n = 25; six male, mean age 35 £ 16 years and
19 female, mean age 52 £ 17 years) (Fig. 3c, d).

Discussion

Levels of NT and expression of its gene, NTS, are increased in
the serum and lesional skin, respectively, of patients with AD
compared with healthy controls. Immunohistochemistry con-
firmed the presence of NT peptide in lesional AD skin, but
not in healthy skin. A possible explanation may be that NT is
not present in skin under normal conditions, but is released in
a precursor form from nerve endings and is generated by pro-
teases, as we have shown in rodent skin.® NT can also be
released from mast cells.”

We recently showed that NT is increased also in the serum
of patients with psoriasis, and it stimulates release of vascular
endothelial growth factor (VEGF) from human mast cells.'? Tt
is interesting that NT was also elevated in the serum of chil-
dren with autism,'’ which has been associated with AD,'?
and who are born to mothers who had psoriasis during preg-
nancy,'® implying a possible causal connection.

NT can stimulate VEGF release from human mast cells'®
and augment the ability of corticotropin-releasing hormone
(CRH) to increase skin vascular permeability in rodents.’
Interestingly, NT increases expression of CRH receptor 1 in
human cultured mast cells.'* Moreover, CRH is also increased
in the serum of patients with AD.'® These findings imply that
NT-CRH interactions may be important for the effect of stress
on dermatoses.

In spite of the fact that CU and UP are clearly associated
with mast cells, neither NT nor NTR-1 gene expression was
increased in the lesional skin of these patients compared with
controls. This implies that NT and NTR-1
involved only in skin inflammation.

are probably
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o (controls, n = 25; UP, n = 4). Horizontal bars
Urticaria pigmentosa o
indicate the means.

Mast cells are now considered critical in allergy and innate
the between NT, CRH
and mast cells may be involved in skin inflammation, '®

immunity in skin.® Interactions
which worsens with stress, and may provide new targets for
therapy.
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