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Summary

Background The mechanisms for producing weals in chronic spontaneous (idiopathic)
urticaria (CSU) are incompletely understood. Leucocyte infiltration with vascular leakage
and expression of the potent vasoactive agents’ calcitonin gene-related peptide (CGRP)
and vascular endothelial growth factor (VEGF) are features of late-phase allergic skin
reactions, previously proposed as a model of CSU.

Objective To measure CGRP and VEGF expression in lesional and non-lesional skin from
CSU patients and to compare results with a control group.

Methods Eight paired biopsies (one from 4-8 h spontaneous weals and one from unin-
volved skin) were taken from eight patients with CSU and nine control subjects and stud-
ied by immunohistochemistry and confocal microscopy.

Results Lesional skin in CSU contained significantly more CGRP+ and VEGF+ cells than
non-lesional skin. No significant differences were observed in CGRP and VEGF expression
between non-lesional skin and controls. In lesional skin, VEGF and CGRP co-localised to
UEA-1+ blood vessels. CGRP was also expressed by neutrophils and eosinophils and to a
lesser extent by CD90™ fibroblasts, mast cells, CD3* and CD68™ cells. CGRP and VEGF
expression was not related to the duration of disease.

Conclusion and Clinical Relevance Increased expression of CGRP and VEGF in lesional,
but not uninvolved, skin indicates that these potent vasoactive agents may play a role in
wealing and tissue oedema in CSU so representing novel targets in therapy.
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Introduction

Although histamine is a key mediator in the wealing
process, it is unlikely to account solely for prolonged

Chronic spontaneous (‘idiopathic’) urticaria (CSU) is a
common disease associated with recurrent weals result-
ing from intermittent activation of skin mast cells by
unknown mechanisms [1]. The condition affects the
upper- and mid-dermis and is characterised by a local
or generalised red, raised, itchy rash with vasodilata-
tion, increased blood flow and vascular permeability.
Functional autoantibodies against the high affinity IgE
receptor (FceR1) have been demonstrated in about one-
third of patients with CSU, suggesting an autoimmune
basis, but the clinical significance of this finding, still
remains unclear [2, 3].

tissue swelling because antihistamines, even in high
doses, are often ineffective, particularly in the severe
form of the disease. Previous studies, including our
own [4-7], have demonstrated infiltration of inflamma-
tory cells into lesional skin in CSU suggesting that in
this condition, there may be a link between leucocyte
accumulation and vascular leakage. In particular, we
showed that both calcitonin gene-related peptide
(CGRP), a potent vasodilator, and vascular endothelial
growth factor (VEGF), a permeability as well as angio-
genic factor, were expressed by inflammatory cells
infiltrating the allergen-induced cutaneous late-phase
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reaction (LPR) and that the numbers of immunoreactive
cells were highest at the peak of the erythema and
oedema, that is, at 4-8 h [5]. The lesions of CSU have
many features of the LPR because they peak between 4
and 8 h and biopsies show the presence of neutrophils,
eosinophils and basophils [8]. Also, Brain et al. [9]
showed, in experimental animals and man, that as little
as 15 pmols of CGRP produced erythema, which peaked
at 5-6 h after injection into the skin. The erythemat-
ous component of lesions elicited by CGRP had both
the appearance and time course of late-phase allergic
reactions.

Vascular endothelial growth factor, originally
termed vascular permeability factor, is a 34-42 kD
homodimer. It is required for the growth and differ-
entiation of endothelial cells so stimulating angiogen-
esis [10]. Tedeschi et al. [11] have previously described
raised plasma levels of VEGF in CSU as well as baseline
expression of VEGF by eosinophils in biopsies. VEGF is
also expressed by eosinophils in biopsies from asthma
[12].

To provide further evidence that these vasoactive
agents contribute to tissue oedema characteristic of
established urticarial weals, we have compared lesional
and non-lesional skin from CSU, taken from 4- to 8-
h-old weals, for the presence of CGRP and VEGF. We
have also studied their expression by small blood vessels
using the lectin UEA-1 and confocal microscopy and for
CGRP have established the cell source(s) of this mediator.
Although descriptive, the present report has the advan-
tage that it compares natural exacerbations of the dis-
ease (i.e. local, spontaneous, weals) with baseline,
uninvolved skin from the same subject. Our overall
hypothesis was that CGRP and VEGF would be expressed
in lesional, but not in uninvolved, or control, skin indi-
cating that such findings have both pathogenic and ther-
apeutic significance.

Materials and methods

Patients and controls

Eight patients (five women and three men) with chronic
spontaneous urticaria (age range 32-71 years; mean
51 years) as defined by the EAACI/GA2LEN/EDF/WAOQ
guidelines [13] were recruited from the urticaria clinic
of the Department of Dermatology and Allergy at Cha-
rité — Universitatsmedizin Berlin. The duration of dis-
ease ranged from 9 months to 14 years. On the
screening day, subjects were assessed for their suitabil-
ity to enter the study, and informed consent was
obtained. On the study day, patients notified the clinical
investigator as soon as they observed an urticarial
lesion on the thigh, trunk or upper arm. Biopsies (either
spindle-shaped or 4-mm punch) were then taken from

the lesions and a comparable area of non-affected skin.
Biopsies were not taken from linear or asymmetrical
wheals. Skin biopsies were also taken from nine healthy
subjects (five women and four men), aged between 56
and 76 years (mean age 59 years) who were recruited
as controls. Material from these patients has been used
in a previous study [7].

None of the patients or controls had a history of con-
current autoimmune, inflammatory (including osteoar-
thritis and asthma) or infectious disease. None had had
anaphylactic episodes or had taken H1 and H2 selective
antihistamines for the previous 3 days. Patients with
physical urticaria or urticarial vasculitis were excluded.
Additional exclusion criteria included the current or
recent (< 4 weeks) use of oral corticosteroids or a leuko-
triene receptor antagonist, or the current or recent
(< 6 weeks) use of doxepin or other tricyclic antidepres-
sants, or the current or recent (< 8 weeks) use of immu-
nosuppressants (e.g. cyclosporine A, azathioprine). One
patient took a single dose of 50 mg prednisolone as a
rescue medication 3 days before the biopsy. At the time
of the study, there was no presence of, or prior history
of, malignancy. Patients with acute illness, which, in the
opinion of the investigator, could pose a threat or harm
to the volunteer or obscure interpretation of data, were
excluded. Also excluded were drug and alcohol abuse,
pregnancy and lactation. The study was approved by the
Ethics Committee of the Charite — Universitatsmedizin
Berlin and the NHS Health Research Authority, UK (ref
07/Q0411/41).

Tissue preparation and immunohistochemistry

Tissue biopsies were immediately fixed in 4% parafor-
maldehyde (BDH Chemicals Ltd, Dagenham, UK) in 0.1 M
phosphate-buffered saline (PBS), pH 7.4, washed in 15%
PBS-buffered sucrose, embedded in optimum cutter tem-
perature compound and snap-frozen in isopentane pre-
cooled in liquid nitrogen. Samples were air-freighted
to London, United Kingdom, on dry ice and kept at
—80°C until use. Cryostat sections (6 pm) were cut from
biopsies, mounted on 0.1% poly-L-lysine-coated slides,
dried overnight at 37°C and then stored with silica gel
(VWR international, Leicestershire, UK) at —80°C until
used.

Immunohistochemistry

Antibody staining was detected by the alkaline phos-
phatase anti-alkaline phosphatase (APAAP) method, as
previously described [14, 15]. Normal human serum
(10%) was used to prevent non-specific binding of the
second- and third-layer antibodies. A mouse IgG1 mye-
loma protein and a rabbit IgG protein were used as
negative controls. Monoclonal antibodies against CD31,

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 1053-1060
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(D68, mast cell tryptase and neutrophil elastase were
purchased from Dako Ltd, Cambridgeshire, United King-
dom and anti-CD3 from Becton Dickinson, Oxford, Uni-
ted Kingdom. Primary antibodies were detected with a
second donkey anti-mouse antibody obtained from
Jackson ImmunoResearch Laboratories, Inc, West Grove,
PA, USA. APAAP was obtained from Dako Ltd. Posi-
tively stained cells were detected with Fast Red (Sigma,
Poole, UK). The anti-VEGF was obtained from Abcam,
Cambridge, United Kingdom, and prepared by conjugat-
ing residues 50—150 of Human VEGF to KLH. The poly-
clonal rabbit anti-GCRP (Abcam, Cambridge, UK) was
prepared using an immunogen linked to the synthetic
peptide. Affinity purified polyclonal anti-MBP was
obtained from Dr H Kita, Mayo Clinic, Rochester,
MN, the USA. Double immunofluorescence, using a
polyclonal rabbit anti-mouse immunoglobulin and
APAAP reagents, was performed as previously reported
[15].

Cells were counted in a blind fashion at x400 magni-
fication on an Olympus BX40 microscope (Olympus
Imaging € Audio Ltd, Essex, UK) connected with a Zeiss
Vision KS300 imaging system (Carl Zeiss, Gottingen,
Germany), and total cells expressing phenotypic markers
enumerated in entire biopsy sections. Data were
expressed as the total numbers of cells per unit area. The
mean £+ SD entire cross-sectional area of the cutane-
ous biopsy sections was 4.2 & 0.4 mm®. The between-
observer coefficients of variation for duplicate counts
of all markers examined for cutaneous biopsies were
4.4-6.8%, respectively.

Immunofluorescence staining for confocal microscopy

Double labelling of sections with the endothelial mar-
ker, Ulex europeus-1 (UEA-1) lectin, and the other
inflammatory markers was carried out using a modifi-
cation of a protocol used previously [16]. Briefly, frozen
sections were thawed at room temperature for 30 min,
then permeabilised and blocked in 0.1% saponin/5%
human serum in PBS for 30 min at room temperature.
Primary antibodies (rabbit anti-CGRP 1/100 or rabbit
anti-VEGF 1/200 in 5% human serum/PBS) were
applied to sections overnight at 4°C. Slides were washed
in PBS 3 x 5 min, and the secondary antibody (1 ug/
mL Alexa Fluor 568 goat anti-rabbit (Invitrogen, UK))
in 5% human serum/PBS, containing 2 pug/mL fluores-
cein isothiocyanate (FITC)-conjugated Ulex europeus
agglutinin-1 (UEA-1) lectin (Vector Laboratories, Peter-
borough, UK) was added to the sections for 2 h at room
temperature in the dark. Slides were washed in PBS
3 x 5 min, and then, coverslips were mounted on sec-
tions using VectaShield Hardset mounting medium
(Vector Laboratories, UK) and stored at 4°C. To examine
the distribution of blood vessels only, one set of sec-

tions were stained with UEA-1 alone. Sections were
examined using a Leica SP2 confocal microscope sys-
tem fitted with Argon ion and 561 nm diode lasers, and
images were acquired using the Leica confocal software
(Leica Microsystems, Milton Keynes, UK).

Statistics

Data were analysed with the aid of a commercially
available statistical package (Minitab for Windows
Release 9.2; Minitab Inc., Progress Way, Coventry, UK).
Significant differences between paired data obtained
from lesional and non-lesional biopsies were calculated
using the Wilcoxon signed-rank test. The Mann—Whitney
U test (with Bonferroni’s correction) was used to compare
differences between groups. For all tests, P < 0.05 was
considered significant.

Results

Chronic spontaneous (idiopathic) urticaria weals show
increased numbers VEGF+ and CGRP+ cells

There were significant increases in cells positive for
CGRP (P = 0.02: approximate threefold increase) and
VEGF (P =0.01: approximate 300 increase) when
lesional was compared with non-lesional CSU skin
(Fig. 1). No significant differences were observed in
CGRP and VEGF expression between non-lesional skin
and controls. By double immunostaining, CGRP in
lesional skin was predominantly expressed by elastase+
neutrophils (Fig. 2a, ¢, d), CD31" cells (Fig. 2¢, d) and
MBP™ eosinophils (Fig. 2b, ¢, d). Of the CGRP+ cells
present in lesional sites, approximately 30% were neu-
trophils, 22% were CD31" cells, and 20% were eosin-
ophils, the remaining being CD90 fibroblasts, mast
cells, CD3" and CD68" cells (Fig. 2c). Conversely,
approximately 30% of neutrophils, CD31" and MBP*
cells were CGRP+, whereas less than 20% of CD90™,
mast cells, CD3" and CD68" cells were CGRP+ (Fig. 2D).

In chronic spontaneous (idiopathic) urticaria weals,
VEGF+ and CGRP+ cells co-localise to blood vessels

CGRP+ and VEGF+ cells were detected predominantly
in the direct vicinity of blood vessels indicating endo-
thelial cell expression of these mediators. Co-localisa-
tion of VEGF+ cells and CGRP+ cells with skin blood
vessels in lesional skin was confirmed by confocal
microscopy using VEGF/UEA-1 and CGRP/UEA-1 dou-
ble staining (Figs 3 and 4). Some epidermal staining of
VEGF and CGRP was observed in urticaria samples and
controls. There were no significant relationships
between the duration of disease and the expression of
CGRP and VEGF.

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 1053-1060
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Fig. 1. The numbers of (a) CGRP+ and (b) VEGF+ cells in lesional and non-lesional skin compared to controls. The Wilcoxon signed-rank test was
used to compare the differences between lesional and non-lesional skin biopsies and the Mann—Whitney U test to compare the differences between
groups. CGRP, calcitonin gene-related peptide; VEGF, vascular endothelial growth factor.

Discussion

In the present study, we show, for the first time, that
CGRP is expressed by mneutrophils, eosinophils and
endothelial cells in lesional, but not uninvolved, skin in
biopsies from CSU. We have also confirmed and
extended a previous report identifying VEGF in CSU
[11] by showing that this cytokine was expressed only
in involved skin and to be associated with small blood
vessels. We believe that our findings may shed light on
histamine-independent mechanisms involved in vascu-
lar leakage in CSU. Although the numbers of subjects
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in the present study group were small, the differences
in the various markers measured were statistically sig-
nificant and often substantial.

Calcitonin gene-related peptide is a 37 amino acid
peptide resulting from alternative splicing of mRNA
from the calcitonin gene [17]. It is part of the adreno-
medullin, calcitonin and amylin family of peptides and
is both an arterial and venous vasodilator [18]. CGRP
does not induce permeability per se, but appears to act
synergistically with several mediators of inflammation,
including histamine, to produce marked and prolonged
oedema [19]. The peptide is usually contained within
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Fig. 2. Co-localisation of CGRP immunoreativity to elastase+neutrophils (a) and MBP* eosinophils (b). The per cent of the various cells types
co-expressing CGRP are shown in ‘c’ and the per cent of various cell types which are CGRP positive are shown in ‘d’. CGRP, calcitonin gene-

related peptide.
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Fig. 3. Co-localisation of CGRP immunoreactivity to UEA-1+ vessels. UEA-1 staining in lesional skin (a) is in green, and single CGRP+ cells (b)
are in red. Double-positive cells in low power (yellow/green) are shown in ‘c’ and high power in ‘d’. Double-positive cells are indicated by the
arrows. ‘e’ is double staining in non-lesional skin and ‘f" is the IgG control in normal skin. CGRP, calcitonin gene-related peptide.

small sensory nerves, and, in the airways, in epithelial
neuroendocrine cells (NEC), and is released by a vari-
ety of stimuli including heat, chemical and psychologi-
cal events. Several in vivo and in vitro studies have
demonstrated CGRP production by diverse cells includ-
ing human airway epithelial cells [15, 20] and T cells
[21]. In our previous study, we showed that cells infil-
trating the human skin during the LPR expressed CGRP
and that as the reactions resolved so did the numbers

_UEA-1

Lesion

Non-Lesion

VEGF

of CGRP immunopositive cells [8]. This observation
was consistent with a role for this peptide in vasoac-
tive events. Using the allergen-induced late-phase reac-
tion as model of CSU, we observed VEGF+ eosinophils,
neutrophils and CD68" macrophages in biopsies taken
6 h after challenge [8]. The present study confirms and
extends these observations by showing that VEGF
also co-localises to endothelial cells. This indicates
that in CSU, VEGF is associated with both increased

UEA-1/VEGF

Fig. 4. Co-localisation of VEGF immunoreactivity to UEA-1+ vessels. UEA-1 staining in lesional skin (a) is in green, and single VEGF+ cells (b) is
in red. Double-positive cells (yellow/green) (c) are indicated by the arrows. d, e and f represent non-lesional skin shown at a lower power. VEGF,

vascular endothelial growth factor.
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permeability and the formation of new vessels. Thus,
targeting VEGF or other possible angiogenic factors
may be a possible therapeutic approach in CSU
because, at least theoretically, this would decrease ves-
sel leakage and control baseline inflammation. In sup-
port of this concept is the recent observation that
VEGF controls Th2 inflammation through the myelo-
proliferative leukaemia virus oncogene-P-selectin axis
[22]. Tt was previously shown that CGRP regulates the
expression of VEGF by human keratinocytes through
the CGRP receptor and ERK1/2 MAPK signalling path-
way, indicating a tight association between these two
vasoactive mediators [23].

We have not excluded a role for other vasoactive
mediators in the mechanisms of wealing. For example,
using the skin blister technique, LTD4, a permeability
factor, was increased in atopic skin 4-6 h after allergen
challenge [24]. Also, leukotriene antagonists are superior
to placebo in the treatment of CSU (although consider-
ably less effective than non-sedating antihistamines [9].

We have recently demonstrated that in CSU, lesional
skin has significantly more CD31* endothelial cells and
CD31" blood vessels, as well as eosinophils and neu-
trophils, than uninvolved skin, so supporting the view
that there is a link between inflammatory cell infiltra-
tion and vascular leakage [7]. Basophils, macrophages
and T cells were also increased in lesional as compared
to non-lesional skin, but these differences were less
marked than with eosinophils and neutrophils. Thus, we
propose the following scheme that links spontaneous
wealing with CGRP, VEGF and vascular leakage. In
CSU, as with the LPR, mast cell activation leads to the
release of IL-8 and eotaxin, chemotactic factors for
neutrophils and eosinophils, respectively [25-27]. This,
in turn, produces leucocyte (mainly neutrophil and
eosinophil)-dependent tissue oedema. Neutrophil-medi-
ated oedema was first described by Wedmore and Wil-
liams [28]. Although the mechanism remains unclear, it
has been proposed that neutrophil-derived vascular
leakage factors widen interendothelial gaps allowing
plasma to extravasate into the intravascular space.
Therefore, if neutrophil-mediated oedema is operative
in CSU, several leakage factors, including CGRP and
VEGF, might be involved. In the present study, we
found that 30% of neutrophils, CD31" and MBP" cells
were CGRP+, indicating that both infiltrating inflamma-
tory cells and endothelial cells have the capacity to
deliver vasoactive mediator to the microenvironment.
We found similar endothelial cell expression of VEGF
but did not formally study co-localisation of VEGF to
other cells in this present study because this mediator is
known to be ubiquitous and expressed by various cells

type [8]. Thus, the cells infiltrating lesions in CSU have
the potential to produce both vasodilation and leakage.
We have shown, furthermore, that inflammatory cyto-
kines such as IL-1, GM-CSF and TNF-a have the poten-
tial to activate epithelial cells [29] and neutrophils (K.
Bonner, unpublished) for CGRP expression so support-
ing the general hypothesis that both infiltrating and
structural cells may be sources of vasodilating agents in
the inflammation associated with CSU. Some immuno-
staining of the epidermis was observed in both urticaria
(lesional and non-lesional) and controls with anti-VEGF
and anti-CGRP. Our impression was that there were no
appreciable differences between the groups. However, a
more detailed assessment of epidermal expression of
these mediators is ongoing.

There has been controversy regarding the role of
CGRP in inflammation and immunity. Earlier studies
showed that CGRP inhibited T-cell functions, antigen
presentation and antibody secretion by B cells [30-32].
However, more recently, it has been demonstrated that
CGRP may have a pro-inflammatory role in immediate
type hypersensitivity. For example, the peptide unregu-
lated both IL-4 productions by CD4" cells in vitro [33,
34] and from T cells in the draining lymph nodes in a
mouse model of cutaneous type 1 hypersensitivity [35].
CGRP has also been shown to be physiologically
important in IL-9 production and Th9 cell differentia-
tion in a mouse model of airway inflammation [36].
Furthermore, CGRP has the potential to activate mast
cells by mnon-immunological mechanisms because
mucosal type mast cell lines express the CGRP receptor
[37].

In conclusion, we have shown increased expression
of CGRP and VEGF in lesional, but not uninvolved, skin
raising the possibility that these potent vasoactive
agents may serve as therapeutic targets in the wealing
and tissue oedema of CSU.

Acknowledgements

This work was supported by the Imperial College Trust
and the MRC-Asthma UK Centre in Allergic Mecha-
nisms in Asthma, Imperial College and King’s College
School of Medicine, London, United Kingdom. We are
grateful to Dr Qiu Meng for technical assistance, Dr
Lars Brunken and Dr Joachim Fluhr for help in collect-
ing skin biopsies and Dr Anna Chapman for her input
with the protocol design.

Conflict of interest

The authors declare no conflict of interest.

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 1053-1060



CGRP, VEGF and urticaria 1059

References

—_

w

10

—_
—

Greaves M. Chronic urticaria. J Allergy
Clin Immunol 2000; 105:664—-72.

Hide M, Francis DM, Grattan CE, Hak-
imi J, Kochan JP, Greaves MW.
Autoantibodies against the high-affin-
ity IgE receptor as a cause of hista-
mine release in chronic urticaria. N
Engl J Med 1993; 328:1599-604.

Eckman JA, Hamilton RG, Gober LM,
Sterba PM, Saini SS. Basophil pheno-
types in chronic idiopathic urticaria in
relation to disease activity and autoan-

tibodies. J Invest Dermatol 2008;
128:1956-63.
Ying S, Kikuchi Y, Meng Q, Kay AB,

Kaplan AP. Th1/Th2 cytokines and
inflammatory cells in skin biopsies
from chronic idiopathic urticaria: com-
parison with the allergen-induced late-
phase cutaneous reaction. J Allergy
Clin Immunol 2002; 109:694-700.
Sabroe RA, Poon E, Orchard GE et al.
Cutaneous inflammatory cell infiltrate
in chronic idiopathic urticaria: com-
parison of patients with and without
anti-FceRI or anti-IgE autoantibodies.
J Allergy Clin Immunol 1999; 103:
484-93.

Haas N, Toppe E, Henz BM. Micro-
scopic morphology of different types
of urticaria. Arch Dermatol 1998;
134:41-6.

Kay AB, Ying S, Ardelean E et al. Ele-
vations in vascular markers and eosino-
phils in chronic spontaneous urticarial
weals with low level persistence in
uninvolved skin. Br J Dermatol (in
press).

Kay AB. Calcitonin gene-related pep-
tide- and vascular endothelial growth
factor-positive inflammatory cells in
late-phase allergic skin reactions in
atopic subjects. J Allergy Clin Immunol
2011; 127:232-7.

Brain SD, Williams TJ. Inflammatory
oedema induced by synergism between
calcitonin gene-related peptide (CGRP)
and mediators of increased vascular
permeability. Br J Pharmacol 1985;
86:855-60.

Byrne AM, Bouchier-Hayes DJ, Harmey
JH. Angiogenic and cell survival func-
tions of vascular endothelial growth
factor (VEGF). J Cell Mol Med 2005;
9:777-94.

Tedeschi A, Asero R, Marzano AV
et al. Plasma levels and skin eosinophil

12

13

14

19

20

21

22

expression of vascular endothelial
growth factor in patients with chronic
urticaria. Allergy 2009; 64:1616-22.
Hoshino M, Nakamura Y, Hamid QA.
Gene expression of vascular endothe-
lial growth factor and its receptors and
angiogenesis in bronchial asthma.
J Allergy Clin Immunol 2001; 107:
1034-8.

Zuberbier T, Asero R, Bindslev-Jensen C
et al. EAACI/GA2LEN/EDF/WAO guide-
line: management of urticarial. Allergy
2009; 64:1427-43.

Corrigan CJ, Wang W, Meng Q et al.
Allergen-induced expression of IL-25
and IL-25 receptor in atopic asthmatic
airways and late-phase cutaneous
responses. J Allergy Clin Immunol
2011; 128:116-24.

Kay AB, Ali FR, Heaney LG et al.
Airway expression of calcitonin
gene-related peptide in T-cell peptide-
induced late asthmatic reactions in
atopic subjects. Allergy 2007; 62:495—
503.

Williams MJ, Lowrie MB, Bennett JP,
Firth JA, Clark P. Cadherin-10 is a
novel blood-brain barrier adhesion
molecule in human and mouse. Brain
Res 2005; 1058:62-72.

Springer J, Geppetti P, Fischer A,
Groneberg DA. Calcitonin gene-related
peptide as inflammatory mediator. Pulm
Pharmacol Ther 2003; 16:121-30.

Brain SD, Grant AD. Vascular actions
of calcitonin gene-related peptide and
adrenomedullin. Physiol Rev 2004;
84:903-34.

Brain SD, Williams TJ, Tippins JR,
Morris HR, Macintyre 1. Calcitonin
gene-related peptide is a potent vaso-
dilator. Nature 1985; 313:54-6.

Li W, Hou L, Hua Z, Wang X. Interleu-
kin-1-beta-calcitonin gene-related pep-
tide secretion in human type II alveolar
epithelial cells. FASEB J 2004; 18:
1603-5.

Wang H, Xing L, Li W, Hou L, Guo J,
Wang X. Production and secretion of
calcitonin gene-related peptide from
human lymphocytes. J Neuroimmunol
2002; 130:155-62.

Takyar S, Vasavada H, Zhang J-E et al.
VEGF controls lung Th2 inflammation
via the miR-1-Mpl (myeloproliferative
leukemia virus oncogene)-P-selectin
axis. J Exp Med 2013; 210:1993-2010.
Yu XJ, LI CY, Wang KY, Dai HY. Calci-
tonin gene-related peptide regulates

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 1053-1060

24

25

26

27

28

29

30

31

32

the expression of vascular endothelial
growth factor in human HaCaT kerati-
nocytes by activation of ERK1/2
MAPK. Regul Pept 2006; 137:134-9.
Reshef A, Kagey-Sobotka A, Adkinson
NF, Lichtenstein LM, Norman PS. The
pattern and kinetics in human skin of
erythema and mediators during the
acute and late-phase response (LPR). J
Allergy Clin Immunol 1989; 84:678—
87.

Tedeschi A, Asero R, Lorini M, Marz-
ano AV, Cugno M. Serum eotaxin
levels in patients with chronic sponta-
neous urticaria. Eur Ann Allergy Clin
Immunol 2012; 44:188-92.

Ying S, Robinson DS, Meng Q et al. C-C
chemokines in allergen-induced late-
phase cutaneous responses in atopic
subjects: association of eotaxin with
early 6-hour eosinophils, and of eo-
taxin-2 and monocyte chemoattractant
protein-4 with the later 24-hour tissue
eosinophilia, and relationship to ba-
sophils and other C-C chemokines
(monocyte chemoattractant protein-3

and RANTES). J Immunol 1999;
163:3976-84.
Moller A, Lippert U, Lessmann D ef al.

Human mast cells produce IL-8. J
Immunol 1993; 151:3261-6.

Wedmore CV, Williams TJ. Control of
vascular permeability by polymorpho-
nuclear leukocytes in inflammation.
Nature 1981; 289:646-50.

Bonner K, Kariyawasam HH, Ali FR,
Clark P, Kay AB. Expression of func-
tional receptor activity modifying pro-
tein (RAMP)-1 by airway epithelial cells
with dysregulation in asthma. J Allergy
Clin Immunol 2010; 126:1277-83.
Boudard F, Bastide M. Inhibition of
mouse T-cell proliferation by CGRP
and VIP: effects of these neuropeptides
on IL-2 production and cAMP synthe-
sis. J Neurosci Res 1991; 29:29-41.

Liu J, Chen M, Wang X. Calcitonin gene-
related peptide inhibits lipopolysaccha-
ride-induced interleukin-12 release from
mouse peritoneal macrophages medi-
ated by the cAMP pathway. Immunol-
ogy 2000; 101:61-7.

McGillis JP, Humphreys S, Rangnekar
V, Ciallella J. Modulation of B lym-
phocyte differentiation by calcitonin
gene-related peptide (CGRP). I. Charac-
terization of high-affinity CGRP recep-
tors on murine 70Z/3 cells. Cell
Immunol 1993; 150:391-404.



1060 A.B. Kay et al

33 Tokoyoda K, Tsujikawa K, Matsushita H

et al. Up-regulation of IL-4 production
by the activated cAMP/cAMP-depen-
dent protein kinase (protein kinase A)
pathway in CD3/CD28-stimulated naive
T cells. Int Immunol 2000; 16:643-53.

34 Tsujikawa K, Yayama K, Hayashi T

et al. Hypertension and dysregulated
proinflammatory cytokine production
in receptor activity-modifying protein

35

36

1-deficient mice. Proc Natl Acad Sci
USA 2007; 104:16702-7.

Mikami N, Matsushita H, Kato T et al.
Calcitonin Gene-related peptide is an
important regulator of cutaneous
immunity: effect on dendritic cell and
T cell functions. J Immunol 2011;
186:6886-93.

Mikami N, Miyagi Y, Sueda K et al. Cal-
citonin gene-related peptide and cyclic

37

adenosine  59-monophosphate/protein
kinase A pathway promote IL-9 produc-
tion in Th9 differentiation process. J
Immunol 2013; 190:4046-55.
Kitabatake Y, Kawamura S, Yamashita
M, Okuyama K, Takayanagi M, Ohno 1.
The expression of mRNA for calcitonin
gene-related peptide receptors in a
mucosal type mast cell line, RBL-2H3.
Biol Pharm Bull 2004; 27:896-8.

© 2014 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 44 : 1053-1060



