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ABSTRACT:
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Background: Few studies have addressed the ultrastructure
of vascular permeability in urticaria.
Objectives: To describe the types of endothelial cell organ-
elles involved in vascular permeability in drug-induced acute
urticaria (DIAU).
Methods: Seven patients with DIAU were enrolled in the
study. Biopsies of urticarial lesions and apparently normal
skin were performed. The 14 collected fragments were
processed with immunogold electron microscopy using
single stains for tryptase and factor Xllla (FXllla) and double
immunogold labeling for both tryptase and FXIlla.
Results: Some sections demonstrated mast cells in the
degranulation process, in both anaphylactic and piecemeal
degranulation. After double immunogold staining, 10
nm (FXIlla) and 15 nm (tryptase) gold particles were both
present, covering the granules in the mast cells, indicating
that both tryptase and FXllla were localized within the
granules of these cells. Interestingly, we found strong
evidence of the presence of caveolae and vesico-vacuolar
organelles (VVOs) in the endothelial cells of the biopsies. In
addition to these findings, we were able to demonstrate the
presence of tryptase and FXllla in the endothelial cells, in
urticarial lesions and in apparently normal skin.
Conclusions: VVOs are present in the endothelial cells of
post-capillary venules in DIAU. This is the first report on
the expression of FXllla and tryptase in the cytoplasm of
endothelial cells in urticaria.

IMAJ2013; 15:173-177
urticaria, drug adverse reaction, ultrastructure, vascular
permeability, caveola

he clinical effects of urticaria are due to local vasodilata-

tion, increased blood flow, and vascular permeability
[1]. Lymphatic drainage has a modulating influence on the
degree of local edema [1]. The extent of urticaria that develops
depends on the severity of capillary leakage and the efficiency
of its clearance by the lymphatic system [1]. The main sites
of increased vascular permeability are post-capillary lesions
[2,3]. It is likely that histamine is the main mediator of this
process via the H1 and H2 receptors, but its perpetuation is

attributed to additional mediators represented by prosta-
glandin D2 and leukotriene C4, which are vasodilators that
also increase vascular permeability [4,5]. In addition to these
findings, vascular endothelial growth factor also increases the
permeability of human endothelial cells in vitro [5,6]. Acute
vascular hyperpermeability is the rapid increase in vascular
permeability that occurs when the microvasculature is acutely
exposed to a number of vascular permeabilizing factors, e.g.,
VEGEF-A, histamine, serotonin, and platelet-activating factor
[6]. Since some of these agents (e.g., histamine, serotonin, and
VEGF-A) are normally stored in tissue mast cells [7-9] they
can be released during mast cell degranulation.

More recently, a structure, called a vesico-vacuolar organ-
elle, was discovered in the venular endothelium, offering an
alternative to the transendothelial cell route for plasma extrav-
asation in response to permeability factors. VVOs are grape-
like clusters consisting of hundreds of uncoated cytoplasmic
vesicles and vacuoles, which together comprise an organelle
that crosses the venular endothelial cytoplasm from the lumen
to the albumen [6]. The purpose of this study was to verify the
presence of VVOs in the endothelial cells of biopsies taken
from patients with drug-induced acute urticaria.

PATIENTS AND METHODS

Seven female patients with DIAU were enrolled in this study

(mean age 38.7 years):

o Case 1: 42 years old, Caucasian, symptomatic for 4 weeks,
associated with potassium diclophenac

o Case 2: age 55, Afro-American, symptomatic for 3 weeks,
associated with acetylsalicylic acid, dexchlorpheniramine,
phenylephrine and caffeine

« Case 3: age 35, Caucasian, symptomatic for 2 weeks,
associated with acetylsalicylic acid, dexchlorpheniramine,
phenylephrine and caffeine

 Case 4: age 9, Caucasian, symptomatic for 8 days, associ-
ated with potassium diclophenac

o Case 5: age 29, Caucasian, symptomatic for 3 days, associ-
ated with ferrous sulphate

VEGF = vascular endothelial growth factor
VVO = vesico-vacuolar organelle
DIAU = drug-induced acute urticaria
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o Case 6: age 32, Afro- American, symptomatic for 7 days, asso-
ciated with sodium dipyrone, ranitidine, hyoscine, dimen-
hydrinate, pyridoxine, ascorbic acid and chlorpheniramine

o Case 7: age 49, Afro-American, symptomatic for 4 weeks,
associated with sodium dipyrone and potassium diclophenac

All patients are followed at the Dermatology Outpatient
Clinic of the Hospital das Clinicas, Sdo Paulo University,
and School of Medicine, Brazil. This study was approved by
the Research Ethics Committee of the Sao Paulo University,
School of Medicine, and Hospital das Clinicas, and all
patients signed an informed consent.

INCLUSION AND EXCLUSION CRITERIA

The patients with DIAU who were enrolled had taken medica-
tion between 1 and 14 days prior to the onset of urticaria and
had experienced remission after discontinuation of the sus-
pected agent. The patients were followed for at least 3 months
after the urticaria resolved. Detailed histories of the patients’
eating habits, occupational exposure to allergens, signs or
symptoms of active infectious disease, and comorbidities
were also investigated, whenever applicable, to rule out other
possible causes of urticaria. The diagnosis of DIAU was made
according to the criteria established by Moore et al. [10]. For
safety and ethical reasons, provocation tests did not seem justi-
fied because in all cases the suspected drug was easily avoided
or changed to another non-cross-reactive medication.

We excluded from this study pregnant women, individuals
younger than 18 years old, and those presenting with any
concurrent systemic diseases (cardiac, respiratory, neurologi-
cal, infectious, or metabolic).

TECHNIQUES

Skin fragments from non-sun-exposed areas of the trunk
were obtained using a 6 mm punch under local anesthesia of
the urticarial lesion and the perilesional skin (at least 5.0 cm
from the biopsied urticaria lesion). The 14 collected fragments
were processed for immunoelectron microscopy and fixed in
0.2% glutaraldehyde (Sigma®, No. G-5882, Sigma-Aldrich
Corp., St. Louis, MO, USA)/4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.2), including LR White Resin (London
Resin Company Ltd., UK). The sections were examined under
transmission electron microscope (JEOL 1010, JEOL Ltd,
Tokyo, Japan) in the Department of Pathology of the Sdo Paulo
University School of Medicine, and representative photographs
were obtained.

IMMUNOELECTRON MICROSCOPY

For immunostaining of factor XIIIa (FXIIla), the screens con-
taining the sections were incubated with 0.05 M Tris buffered
saline at pH 7.2 twice for 5 minutes, and then incubated in

TBS with 3% bovine serum albumin at pH 7.2 for 5 minutes.
Subsequently, the TBS was drained on Whatman filter paper
and the screens were incubated for 30 minutes at room tem-
perature with normal goat serum (dilution 1:30). After the NGS
was drained without washing, the screens were incubated at
1:100 dilution with primary polyclonal antibody anti-factor
XIII (Calbiochem, USA) in 0.05 M TBS at pH 7.2 plus 3% BSA
overnight at 4°C. They were then washed in 0.05 M TBS with
1% BSA plus 0.1% Tween 20 four times for 5 minutes.

Next, the screen sections were incubated in TBS with
1% BSA (pH 8.2) for 30 minutes at room temperature. The
screens were then incubated with the secondary antibody,
goat anti-rabbit immunoglobulin G gold, labeled with col-
loidal gold particles (diameter 10 nm, Electron Microscopy
Sciences, USA), which was diluted to 1:20 in TBS buffer
with 1% BSA at pH 8.2 for 1 hour at room temperature. The
screens were then washed in TBS with 0.05% BSA and 0.1%
Tween 20 (pH 7.2) four times for 5 minutes, and in TBS con-
taining 0.1% Tween 20 (pH 7.2) twice for 5 minutes. Finally,
the screens were washed three times in distilled water for 2
minutes and the sections were fixed in 2% aqueous glutar-
aldehyde for 10 minutes. The contrast was performed with
uranyl acetate and lead citrate, and the grids were observed.

The same procedures employed for FXIIIa immunostaining
were applied for the immune disclosure of tryptase. However,
in this case, we used a primary antibody, i.e., monoclonal
mouse anti-human mast cell tryptase (DAKO, Carpentaria,
CA, USA), which was diluted to 1:200, and a secondary anti-
body, i.e., goat anti-mouse IgG gold, labeled with colloidal gold
particles (diameter 15 nm, Electron Microscopy Sciences),
which was diluted to 1:20 in TBS buffer with 1% BSA at pH
8.2 for 1 hour at room temperature. All of the solutions were
filtered with a Millipore filter (pore size 0.22 pm).

The incubations for double immunostaining were per-
formed in the same manner, adapting the procedures of
Craig et al. [11]: the primary antibodies were combined in a
mixture of the two antibodies diluted in TBS, plus 3% 0.05 M
BSA (1:100 and 1:200, respectively, for FXIIIa and tryptase).
Incubation with the secondary antibodies was performed
by diluting goat anti-mouse IgG and goat anti-rabbit IgG in
0.05% TBS plus 1% BSA at a dilution of 1:20.

RESULTS

CLINICAL ASPECTS

The urticarial lesions consisted of wheals that were randomly
distributed all over the skin, with lesions varying in diameter
from 3 mm to 8 cm in all cases; however, the genital and

TBS = Tris buffered saline
NGS = normal goat serum
BSA = bovine serum albumin
1gG = immunoglobulin G
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scalp regions were spared. The symptoms were described as
stinging,” “burning” or “itching;

IMMUNOELECTRON MICROSCOPY

« Single IMEM

Urticarial lesions under IMEM showed slight vascular dilata-
tion, with platelets, red blood cells or leukocytes in the vessel
lumen. Mast cells, polymorphonuclear cells, lymphocytes and
dendritic cells appeared close to the vessels. Few of the mast
cells appeared normal, whereas the others were granularly
depleted. In some areas, mast cells, macrophages, lymphocytes
and satellite dendritic cells were closely associated [Figure 1].
Some of the macrophages were full with melanin. Variable
numbers of eosinophils and polymorphonuclear neutrophils
were observed, with lymphocytes and macrophages dominant.
The epidermis and basal membrane zone were preserved. Mast
cell granules in the cytoplasm and extruded mast cell granules
between dermal collagen fibers showing tryptase and FXIIla
were also observed [Figures 2A, B and C].

Vesico-vacuolar organelles. We detected the presence of
multiple and sometimes multiple intracytoplasmic vesicular
organelles in some sections of the urticarial lesions, as well
as the perilesional skin [Figure 3], and these organelles were
grouped mainly around the gap junctions of the endothelial
cells in the small venules. In addition to these VVOs, we
observed caveolae in the capillary endothelial cells [Figure 4].

+ Double IMEM

We detected FXIIIa by immunolabeling the cytoplasm of the
endothelial cells that were grouped in the luminal cytoplasm
projections [Figure 3]. We observed FXIIIa in the immuno-
gold-labeled endothelial cells of both the perilesional skin
and urticarial lesion sections under immunoelectron trans-
mission microscopy.

After double immunogold staining, 10 nm (FXIIIa) and 15
nm (tryptase) gold particles were present, covering the granules
of the mast cells [Figure 2A], indicating that both tryptase and
FXIITa were localized in the granules of these cells. The same
observations were made in the sections of both the perilesional
skin and the urticarial lesions in all seven cases. Extruded
granules in the extracellular matrix showed the same double
immunogold staining [Figures 2B and 2C]. The extruded gran-
ules were membrane-free and exhibited reduced matrix density.
The contrast and delineation of the granule substructure were
less than optimal after the immunogold procedure because the
sections were not treated with osmium tetroxide to better visual-
ize the gold particles. On double immunogold staining, both 10
nm (FXIIIa) and 15 nm (tryptase) gold particles were present in
the endothelial cells [Figure 4].

IMEM = immunoelectron microscopy

Figure 1. Capillary vessel on dermal microvascular unit (apparently
normal skin). Note the numerous vesicles in the flattened cytoplasm,
called “caveolae.” EC = endothelial cell, MC = mast cell, N = nerve
(immunoelectron transmission microscopy, IMETM, original magnifi-
cation, OM, x 5000)

Figure 2. Mast cell granules in urticaria lesion. [A] Mast cell showing
anaphylactic type of degranulation (double IMETM, OM x 50,000).
[B] Extruded mast cell granules into dermis; immunolabeled tryp-
tase (white arrow) and immunolabeled FXIIIA (black arrow) (double
IMETM, OM 100.000x). [C] Extruded mast cell granules dissolving into
the dermis; immunolabeled tryptase (white arrow) and immuno-
labeled FXIIIA (black arrow) (double IMETM, OM x 100,000) (black
bar =200 nm)

DISCUSSION

This study demonstrated, for the first time, the presence of
VVOs and vacuoles in biopsies from patients with urticaria,
in both urticarial lesions and perilesional skin.

Mast cells usually show perivascular localization, and baso-
phils, given appropriate stimuli, rapidly migrate to the dermis
via a transendothelial cell route to reach the perivascular milieu
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Figure 3. Vesico-vacuolar organelles (VVOs) in urticaria lesion. [A] Scheme
of endothelial cell with caveolae aggregation to form VVOs, which
transport macromolecules of the vascular lumen to the extravascular
milieu. [B] Endothelial cell (EC) showing numerous VVOs (white circles)
(double IMETM, OM x 12,500) (black bar =1 pm). [C] VVOs in endothelial
cell cytoplasm (double IMETM, OM x 100,000) (black bar =2 nm)

A Vascular lumen

Caveolae

Endothelial cell

Vesico-vacuolar organelle (WWO)

Basal membrane

Figure 4. [A] Endothelial cell of capillary vessel in urticaria lesion
(double IMETM, OM x 50,000). [B] Detail of [A], endothelial cell
of capillary vessel; immunolabeled tryptase (white arrow) and
immunolabeled FXIIIA (black arrow) (double IMETM, OM 50.000x).
[C] Cytoplasm of endothelial cell (EC) showing caveolae (black dot
circle) (double IMETM, OM x 3500).

[11,12]. VVOs are large collections of vesicles and vacuoles
focally distributed in the venular endothelial cytoplasm, and they
often show parajunctional localization [12]. In standard electron
transmission microscopic sections (~70-80 nm) the number of
VVOs can vary from several to hundreds [12,13]. Connections to
luminal, abluminal and lateral plasma membranes can be found
in these single sections, and in some cases these sections are
interconnected as complex transcellular structures [11]. Dvorak
and co-authors [13] demonstrated that in transgenic mice that

overexpress interleukin-4 in inflamed eyelid tissue, the tissues
contain increased numbers of mast cells that exhibit piecemeal
degranulation; the authors showed that the micro-vessels also
had prominent VVOs. Moreover, they showed that the binding
of histamine to the stomata of VVOs in inflammatory eye disease
most likely indicated the presence of histamine receptors in this
location, which bind histamine, leading to increased permeabil-
ity and the induction of macromolecular leakage [13].

We observed VVOs in the urticarial biopsies of patients with
DIAU and therefore propose that urticaria could provide an in
vivo model for studying VVOs in cutaneous inflammation. The
VVOs could be present in the small post-capillary venules of
patients with urticaria, contributing to the extensive increased
vascular permeability observed in urticarial lesions, similar to
the transport mechanism of proteins and plasma to the vascular
lumen and into the extracellular matrix of the dermis.

Plasma-protein extravasation into normal tissues occurs
because the capillary endothelium contains a large number of
small vesicles (~70 nm in diameter), which today are termed
caveolae [6]. The majority of caveolae are connected to the
luminal and abluminal plasma membranes by means of sto-
mata, which generally are closed diaphragms [6]. Nagy et al.
[6] postulated that the caveolae cross the capillary endothelium
carrying a cargo of plasma fluids and proteins. We were able to
demonstrate the presence of caveolae in the capillary endothe-
lium cells of patients with DIAU, in both urticarial lesions and
perilesional skin. These findings in both urticaria lesions and
perilesional skin might indicate that at the microvasculature
level of the skin, the skin appears to be in a state of generalized
reactivity due to bioactive mediators, with lesions clinically
appearing and disappearing in various areas of the body dur-
ing the disease evolution. To date, endothelial transcytosis via
caveolae is the most studied and best-documented system of
transcellular transport [14]. To the best of our knowledge, prior
to this study the presence of caveolae in the capillary endothe-
lium cells of patients with urticaria has not been reported.

In addition to caveolae, in physiological states, water and
lipophilic solutes (e.g., gases such as Oz and COz) are able to
diffuse through endothelial cells; they also pass readily through
inter-endothelial cell junctions and through endothelial
fenestrae [6]. Fenestrae are markedly narrow zones (diameter
70-150 nm) of microvascular endothelium that can be induced
by VEGE-A; they are especially numerous in specialized vascu-
lar beds which supply tissues that secrete hormones [6].

Recently, Asero and colleagues [15] found significantly ele-
vated fragment F1+2 and D-dimer plasma levels, well-known
markers of coagulation and fibrinolysis activation, in a selected
group of patients with severe exacerbation of chronic urticaria.
This finding showed that in this subset the coagulation cascade
may be activated to promote the production of fibrin as a result
of the generation of thrombin. Thrombin could be involved in
chronic urticaria, not only because it increases vascular per-
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meability but because it can induce mast cell degranulation, a
phenomenon that is crucial to the pathophysiology of chronic
urticaria [16-18]. The presence of FXIIIa+ in endothelial cells
was detected by Schaumburg-Lever et al. [19] in cases of der-
matofibroma, basal cell carcinoma and malignant mastocytosis
under immunoelectron transmission microscopy but not in
immunohistochemistry studies for the same cases. In the pres-
ent study we observed similar features in the endothelial cells
of patients with DIAU. To date, FXIIla (protransglutaminase)
has been attributed some functions, in addition to fibrin stabi-
lization, in the coagulation cascade. Transglutaminases form
a large family of intracellular and extracellular enzymes that
catalyze the Ca2+-dependent post-translational modification
of proteins [20]. The A subunit of coagulation, FXIII, has been
identified in the cytoplasm of platelets, megakaryocytes, and
monocytes and macrophages [20]. Over the last three decades it
has become evident that the role of FXIII is not restricted solely
to the area of hemostasis, and like other transglutaminases it
also promotes the determination of cell shape by cross-linking
the actin cytoskeleton with its related proteins by promoting
cell adhesion and stabilizing extracellular matrices [21,22].

In this way, the presence of FXIIIa in the endothelial cells
of patients with DIAU could be involved in at least two patho-
physiologies of urticaria: a) stabilizing fibrin that is extrava-
sated from the vascular lumen, which generates thrombin
and thus participates in homeostasis in these events, as previ-
ously postulated by Asero et al. [15]; and b) linking actin to
the endothelial cell cytoskeleton, possibly playing a role in
the opening of the diaphragms of VVO vesicles and vacuoles.

Itoh and team [23] studied the physiology and pathophysi-
ology of tryptase and proteinase-activated receptor-2 in the
vascular endothelial barrier function of cultured endothelial
cells from human pulmonary artery and bovine aorta samples.
These authors concluded that the release of mast cell tryptase
and the subsequent activation of endothelial PAR-2 caused
gap formation between endothelial cells in acute lung injury
induced by radiographic contrast medium.

In summary, we found that endothelial cells in DIAU are
involved in vascular hyperpermeability through the vesico-vac-
uolar organelles. Further study will characterize the possible par-
ticipation of histamine, thrombin, tryptase and VEGF-A in this
process. In addition to these findings, FXIIla (protransglutamin-
ase) was present in the endothelial cells in our patients, suggesting
its possible role in the opening of VVO diaphragms. Tryptase was
found in the endothelial cells and could be a contributing factor
in endothelial activation and microvascular leakage.
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PAR-2 = proteinase-activated receptor-2
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