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ARTICLE INFO ABSTRACT

Keywords: Mast cells (MCs) have important immunoregulatory roles in skin inflammation. Annexin Al (ANXA1) is an
Mast cell endogenous anti-inflammatory protein that can be expressed by mast cells, neutrophils, eosinophils, monocytes,
Annexin Al epithelial and T cells. This study investigated MCs heterogeneity and ANXA1 expression in human dermatoses
Tryptase with special emphasis in leprosy. Sixty one skin biopsies from 2 groups were investigated: 40 newly diagnosed
E:;’rrz:;e untreated leprosy patients (18 reaction-free, 11 type 1 reaction/T1R, 11 type 2 reaction/T2R); 21 patients with

other dermatoses. Tryptase/try+ and chymase/chy + phenotypic markers and toluidine blue stained intact/
degranulated MC counts/mm? were evaluated. Try*/chy " MCs and ANXA1 were identified by streptavidin-
biotin-peroxidase immunostaining and density was reported. In leprosy, degranulated MCs outnumbered intact
ones regardless of the leprosy form (from tuberculoid/TT to lepromatous/LL), leprosy reactions (reactional/
reaction-free) and type of reaction (T1R/T2R). Compared to other dermatoses, leprosy skin lesions showed lower
numbers of degranulated and intact MCs. Try " MCs outnumbered chy " in leprosy lesions (reaction-free/reac-
tional, particularly in T2R), but not in other dermatoses. Compared to other dermatoses, ANXA1 expression,
which is also expressed in mast cells, was higher in the epidermis of leprosy skin lesions, independently of
reactional episode. In leprosy, higher MC degranulation and differential expression of try ™ /chy™ subsets in-
dependent of leprosy type and reaction suggest that the Mycobacterium leprae infection itself dictates the in-
flammatory MCs activation in skin lesions. Higher expression of ANXA1 in leprosy suggests its potential anti-
inflammatory role to maintain homeostasis preventing tissue and nerve damage.

Skin diseases

1. Introduction

Mast cells (MCs) form a component of the immune system that play
an important role in host defense [1]. MCs represent one of the most
versatile cells in the body and in the skin due to their ubiquitous dis-
tribution and the plethora of biologically active molecules they produce
[2]. Besides allergic responses, MCs play a much broader role in cuta-
neous inflammatory and non-inflammatory diseases promoting or
suppressing inflammation. In normal skin, mast cells accumulate in the
upper dermal region, around vessels, nerves and appendages [3], and
are abundant in organs exposed to the environment like the respiratory
and gastrointestinal tracts and the skin [4,5]. The location of mast cells
in the dermal layer of the skin allows a quick response to injury [6].

The involvement of MCs and their serine proteases in the physiology
and pathology of inflammation identifies these immune cells and their

granule constituents as intriguing targets for therapy [7]. Neutral
granule proteases expressed by human MC represent their best pheno-
typic markers allowing the differentiation of connective tissue MC that
contain tryptase (try* MC), chymase (chy * MC) and tryptase/chymase
(try*chy* MC). Mucosal MC contains only tryptase (try®™ MC)
[1,8-10]. Besides pre-formed mediators as proteases, histamine, he-
parin proteoglycan, newly-synthesized mediators can be secreted upon
activation, including antimicrobial peptides (cathelicidins) [11]. Mast
cells have been implicated in the immune response to pathogens in
various tissues contributing to the clearance of Escherichia coli, Klebsiella
pneumoniae and Mycoplasma pneumoniae [12,13]. MCs participate in
cutaneous immunity of leishmaniasis, in Escherichia coli and Haema-
physalis longicornis infections and in Pseudomonas aeruginosa infection
[14]. Mast cells can also act as multifunctional inflammatory cells in a
diverse set of immunological and physiological conditions regulating
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cutaneous wound healing after trauma and neo-angiogenesis in malig-
nancies [15-17]. MCs undergo slow and partial degranulation after
activation but other mechanisms as exosome secretion and selective
degranulation-independent secretion have been described [11,18,19].

Annexin A1 (ANXA1) is an endogenous anti-inflammatory molecule
expressed by mast cells, neutrophils, eosinophils, monocytes, epithelial
T cells that can modulate biological events in cancer progression and
metastasis and in various models of inflammatory and autoimmune
diseases [20-26]. ANXA1 is a member of the annexin superfamily of
calcium- and phospholipid-binding proteins that participates in chronic
inflammation, leukocyte migration, tissue growth and apoptosis
[27,28]. ANXA1 has been shown to be very effective in limiting in-
flammation and is expressed in different immune cells recruited during
infectious processes, particularly mast cells and neutrophils [20,29].

Leprosy is a dermato-neurological granulomatous disease caused by
Mycobacterium leprae that represents an important public health pro-
blem in many endemic countries including India and Brazil [29]. Le-
prosy shows a wide spectrum of clinical manifestations which depend
on the host immune response ranging from few localized skin lesions in
paucibacillary (PB) disease with Thl type cell mediated immunity, to
disseminated multibacillary (MB) disease characterized by Th2 type
humoral immunity. During the chronic course of leprosy, some patients
can develop acute immune inflammatory episodes known as type 1 and
type 2 reactions (T1R, T2R) that can lead to irreversible nerve damage
and consequent deformities [30]. Leprosy skin lesions contain all the
cells that are present in normal skin including MCs, and also cells that
migrate from the peripheral blood as a consequence of the infectious-
granulomatous response. The data about MCs in leprosy skin lesions are
controversial however the majority of studies indicate increased
number in lepromatous lesions [31-35]. This study investigated MCs
activation, heterogeneity and ANXA1 expression in leprosy skin lesions
including T1R and T2R.

2. Material and methods
2.1. Study groups

This study included 61 skin biopsies from two study groups: leprosy
and other skin diseases (named “other dermatoses” group). Forty newly
diagnosed, untreated leprosy patients were recruited at a main regional
public health center for leprosy diagnosis and treatment (Centro de
Referéncia em Diagnéstico e Terapéutica/CRDT in Goidnia, Goiés,
Central Western Brazil) a highly endemic area for leprosy. Patients had
complete dermato-neurological examination by one physician with
expertise in leprosy diagnosis (ALOMS). Leprosy patients were classi-
fied according to Ridley & Jopling criteria considering clinical, ba-
cilloscopic index (BI) and histopathologic findings as tuberculoid/TT,
borderline-tuberculoid/BT, borderline-borderline/BB, borderline le-
promatous/BL, lepromatous/LL [36]. Leprosy group comprised 14
paucibacillary patients (TT, BT, all of them BI negative) and 26 mul-
tibacillary patients (BT, BL, LL, all of them BI positive). In the leprosy
group, 18 were reaction-free and 22 had leprosy reactions (11 type 1
reaction and 11 type 2 reactions).

Patients with other skin diseases (n = 21) recruited at the same
reference center were diagnosed based on histopathology: nonspecific
chronic inflammatory process (n = 3), chromomycosis (n = 1), cuta-
neous leishmaniasis (n = 3), paracoccidioidomycosis (n = 3), herpes
(1), lichen planus (2) granuloma annulare (3), scleroderma (2) vitiligo
3.

Exclusion criteria were: co-morbidities (AIDS, tuberculosis, diabetes
mellitus), age under 18 years and pregnant women. Main features of
study participants (Table 1) indicate predominance of males among
leprosy patients while females predominated among patients with other
dermatoses. Age of participants (leprosy, other dermatoses) was similar
(p = 0.730).
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Table 1
Main features of study groups.

Group Gender (M/F) Age (years) (median, range)
Leprosy (n = 40) 29/11 50 (20-95)
PB? (n = 14) 9/5 52 (30-95)
MB® (n = 26) 20/6 49 (20-66)
T1R (n = 11) 7/4 50 (33-66)
T2R (n = 11) 8/3 48 (20-95)
Other dermatoses (n = 21) 10/11 58 (20-79)

PB?: paucibacillary leprosy (10 TT patients, 4 BT); MB: multibacillary leprosy
(6 BT, 15 LL, 5 BL); T1R: type 1 reaction; T2R: type 2 reaction; M: Male; F:
Female.

2.2. Histopathological analysis

Skin biopsies (4 mm) were taken from the edges of well-character-
ized, infiltrated lesions (24h fixation, 4% neutral buffered paraf-
ormaldehyde). For leprosy, 3-4um sections were stained by
Hematoxylin-Eosin (HE) and by Fite-Faraco for bacilli detection and
used for the Ridley & Jopling classification.

Toluidine blue stained sections (0.5% alcohol) were used for the
quantitative analysis of intact and degranulated MCs. Intact mast cells
were identified by metachromatic purple stained granules in the cyto-
plasm due to sulfated acid mucopolyssaccharides; degranulated mast
cells were defined by weak purple intra cytoplasmatic staining and
visualization of staining outside the cell limits [37]. MCs were identi-
fied (ZEISS-AXIOSKOP 2, ZEISS, Jena, Germany), photographic digital
images were obtained (1.0 mm?, 27 fields/section; AXIOVISION, 63X,
ZEISS, Jena, Germany) and analyzed by two independent experts
(KKOM, MBC) blinded to the participants' groups giving comparable
results (p = 0.63). For the intralesional count, the entire area of the
skin lesion was scanned; immuno-positive cell and the number of fields
were recorded. The perilesional count included the number of positive
cells in fields along the interface between the lesion/neighborhood.

2.3. Immunohistochemical analysis

2.3.1. Tryptase and chymase

Tryptase and chymase positive MCs were detected by streptavidin-
biotin-peroxidase immunostaining (n = 61) in deparafinized, rehy-
drated biopsies with antigen retrieval induced by heat (citrate buffer,
pH 6, 96 °C, 20 min), endogenous peroxidase blocked (3% hydrogen
peroxidase, 30 min). Primary antibody (mouse monoclonal anti-human
tryptase, AA1; 1:1000, Dako, Glostrup, Denmark or rabbit monoclonal
anti-mast cell chymase-C-terminal, CC1, 1:100; Abcam, Cambridge, UK)
was incubated (16 h, 4 °C). Biotinylated secondary antibody and per-
oxidase-streptavidin complex (Invitrogen, Carlsbad, USA) were added
and reactions revealed (3,3-diaminobenzidine, DAB, Invitrogen,
Carlsbad, USA). Sections were counterstained (Harris hematoxylin);
negative controls did not include the primary antibody; positive con-
trols were sections of normal small intestine mucosa, which are rich in
MCs and were used to validate immunostaining techniques.

2.3.2. Annexin A1 protein

Immunohistochemistry was used to detect the expression of ANXA1
(n = 25, 5/group): other dermatoses, MB leprosy skin lesions, PB le-
prosy skin lesions, leprosy type 1 reaction/T1R and type 2 reaction/
T2R. Sections were incubated (citrate buffer pH 6.0), the endogenous
peroxide activity was blocked, sections were incubated with the pri-
mary rabbit polyclonal antibodies anti-ANXA1 (1:2000; Zymed
Laboratories, Cambridge, UK; overnight, 4°C, in 1% BSA). After
washing, sections were incubated with a secondary biotinylated anti-
body (Invitrogen, Carlsbad, USA). Positive staining was detected using
a peroxidase conjugated streptavidin complex and color developed
using DAB substrate (Invitrogen, Carlsbad, USA). The sections were
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Fig. 1. (A) Quantitative analysis of intact and degranulated mast cells (MCs) in (B) leprosy lesions, (C) other dermatoses (eczema and (D) — contralateral skin
biopsies). Intact MCs (arrowheads), Degranulated MCs (arrows). Stain: toluidine blue. Bars: 20 pm.

counterstained with Harris hematoxylin.

2.4. Densitometry analysis

The endogenous ANXA1 expression was analyzed (Axioskop 2-Mot
Plus Zeiss microscope, Carl Zeiss, Jena, Germany), using Axio Vision
software [26] and expressed as value of the mean optical density
(MOD) in immunoreactive areas. The values were obtained as arbitrary
units (a.u.) and reported as mean + S.E.M.

2.5. Data analysis

Exploratory data analysis, including mean, medians and standard
deviation (SD) (GraphPad Prism 6 and MS Excel, 2010) was used to
analyze degranulated and intact MC and try* and chy ™ positive MC/
mm? among different study groups. Kruskall-Wallis one-way analysis of
variance for comparison of multiple groups and Mann-Whitney for
comparison between two groups assessed statistical significance; p va-
lues lower than 0.05 were considered statistically significant.

3. Ethics

This study was approved by the regional and national review boards
(Comité de Etica em Pesquisa Humana e Animal do Hospital das
Clinicas da Universidade Federal de Goiés, protocol# 119/2005;
Comissio Nacional de Etica e Pesquisa/CONEP/Brasil, protocols #
4862, 12962). All participants signed an informed consent form.

4. Results
4.1. MC heterogeneity in leprosy and other dermatoses

Mast cells were evaluated by toluidine blue to assess metachromasia
in the cytoplasmic granules (Fig. 1A-D). A significant increase of de-
granulated MCs compared to intact cells was observed in leprosy group
(p < 0.0001). A significant reduction of intact MCs in the leprosy
group was observed compared to other dermatoses (p = 0.0013 -
Fig. 1A).

The difference seen in the numbers of mast cells between the dif-
ferent groups prompted us to investigate their heterogeneity by eval-
uating tryptase and chymase expression (Fig. 2A-G). In leprosy lesions,
the numbers of try* MCs outnumbered chy* MC (p < 0.0001). In
other dermatoses, the numbers of try* and chy™ positive cells were
similar (Fig. 2A). The quantity of try™ and chy* MCs was similar in all
groups, whilst, the numbers of try* MCs in leprosy group outnumbered
chy* MC in other dermatoses (p = 0.011). On the other hand, a sig-
nificant increase of try + MC expression was observed in other der-
matoses when compared with chy ™ MC in leprosy group (p = 0.0002).

4.2. Mast cells in leprosy lesions: degranulation, tryptase* and chymase*
subsets

Toluidine blue staining in leprosy lesions showed higher numbers of
degranulated than intact MCs in TT, BT, LL leprosy forms (Fig. 3A)
(p < 0.05). Try" MC outnumbered chy * MCs in all leprosy forms (TT,
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Fig. 2. Heterogeneity of the mast cells in different skin conditions. (A): Quantitative analysis of tryptase (B, D,F) and chymase (C, E,G) positive mast cells in
borderline lepromatous leprosy (B, C), others dermatoses (Eczema — D, E and contralateral skin - F, G). Counterstain: Harris hematoxylin. Bars: 20 ym.

BT, BL, LL) (p < 0.05) (Fig. 3B).

Within reactional and reaction-free leprosy lesions (Fig. 3C) de-
granulated MCs outnumbered intact cells (p < 0.05) and higher
numbers of degranulated MCs were seen both in TIR and T2R lesions
(p < 0.050). Try" MCs numbers were higher than chy* MCs in re-
actional and reaction-free lesions (p < 0.05) and try"MC out-
numbered chy * MC in T1R and T2R (p = 0.041 and 0.006 respectively)
with more pronounced difference in T2R (Fig. 3D). Within leprosy skin
lesions, intact mast cells, try " and chy™ MCs were seen in epidermis,
the interstice, close to blood vessels; more often inside the in-
flammatory infiltrates and in the periannexial region. In leprosy gran-
ulomas, MCs were identified more frequently in the lympho-histiocytic
mantle than in the center of the granuloma.

4.3. Higher annexinA1 expression in leprosy skin lesions with and without
reactional episode compared to other dermatoses

Because we found that leprosy lesions were associated with chan-
ging heterogeneity of MC populations, we next investigated the ex-
pression pattern of ANXA1, a potent anti-inflammatory protein that is
expressed in mast cells [38,39]. MCs in the skin were also positive for
ANXA1 (Fig. 4H), and this was confirmed by analyzing serial sections of
biopsies stained with toluidine blue (Fig. 4I). Comparing other der-
matoses and leprosy skin lesions, ANXA1 immunostaining evaluated by
densitometry was higher in epidermis in leprosy lesions (Fig. 4A-E).
The difference in ANXA1 expression between other dermatoses and
leprosy skin lesions was statistically significant for all groups analyzed:
MB leprosy (p = 0.018), PB leprosy (p = 0.010), TIR (p = 0.006), T2R
(p = 0.002) (Fig. 4F). However, no difference in ANXA1 expression was
seen in paucibacillary compared to multibacillary leprosy. Moreover,
similar ANXA1 expression was seen in PB leprosy during T1R and re-
action-free PB and in MB leprosy during T2R lesions and in non-reac-
tional MB leprosy (Fig. 4G). Regarding ANXA1 expression in the in-
flammatory foci in the dermis, high expression was seen in PB
granulomas with and without T1R and also in inflammatory infiltrates

280

of MB skin lesions both reaction-free and T2R lesions (Fig. 4A-E, G).

5. Discussion

Due to precedent evidence of cutaneous involvement of MCs in skin
protection or pathogenesis in leprosy and other parasitic and bacterial
infections [40-43], in the present study, we reported for the first time
the expression of anti-inflammatory ANXA1 in leprosy lesions and MCs
degranulation and heterogeneity characterized by the predominance of
the tryptase positive cells.

Our investigation showed the differential expression of MCs in di-
verse human skin diseases. A greater amount of degranulated MCs was
observed in the leprosy group independently of leprosy form, in pau-
cibacillary and multibacillary disease regardless of the occurrence of
reactions. Degranulation of MC contents implies activation and func-
tional activity [2]. MCs can play important roles in both innate and
adaptive immune responses [43], besides MCs recruit other cells such
as T cells, neutrophils and eosinophils to the inflammatory skin site,
stimulate maturation of Langerhans and dendritic cells promoting their
migration to lymph nodes to activate T cells [44]. In leprosy, adaptive
immunity and inflammation participate in protection and pathogenesis
[45] and given the important inflammatory properties of MCs, it is
expected that they may play a role in leprosy skin lesions. Although
leprosy reactions are characterized by exacerbated inflammation in skin
lesions and nerves [46] evidence of MCs activation by degranulation
was seen in reactional and reaction-free patients, indicating that MCs
degranulation are induced by M. leprae infection, independently of re-
actional episodes.

The dual nature of MC responses suggest that these inflammatory
cells can alter their phenotype depending upon the prevailing im-
munologic context and thereby exert protective or deleterious effects
[47,48]. Given the growing body of evidence implying mast cell pro-
teases in different diseases [47], we decided to study MC heterogeneity
in leprosy and other dermatoses according to chymase and tryptase [9]
that can degrade a variety of proteins and peptides and cause
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Fig. 3. (A) Toluidine blue stained intact and degranulated MCs among leprosy forms in different Ridley & Jopling groups (TT, BT, BL and LL). (B)
Immunohistochemistry analyses of tryptase and chymase positive MCs in Different leprosy forms (Ridley & Jopling groups- TT, BT, BL and LL). (C) Toluidine blue
stained intact and degranulated MCs among reactional and reaction-free leprosy patients and among T1R and T2R; (D) Tryptase and chymase positive MCs among

reactional and reaction-free leprosy and among T1R and T2R.

destructive changes in the skin [49]. In our study, quantitative analysis
revealed a predominance of try* MC in all leprosy forms, differently
from the previously reported lower numbers of MC detected in LL le-
prosy [41]. Our results indicate that tryptase probably exerts function
in leprosy lesions and may exert detrimental effects on tissue structure
and modeling while MC derived mediators such as cytokines and che-
mokines can perpetuate inflammation [44]. One study on tryptase MC
and nerve fibrosis showed an association of collagen increase and MC
density in the epineurium [50] suggesting that MC contribute to col-
lagenization through tryptase secretion. In our study, the numbers and
the density of try* MC were elevated in T2R, which can be associated
with vasculitis. Evidence from cancer biology revealed that MCs reg-
ulate angiogenesis through the production of vascular endothelial
growth factor (VEGF) and release of pro-angiogenic proteases [20]. A
previous study from our group searching for plasma markers of leprosy
reactions by multiplex approach found a marginally significant differ-
ence for VEGF in T2R versus reaction-free controls [45]. An increase of
try ™ MC in reactional biopsies compared to pre-reactional lesions has
been previously reported [51].

In our study, the numbers of chy* MC were higher in other der-
matoses compared to leprosy and activation of chy ™ MC has been re-
ported in tissue fibrosis, which may be more pronounced in other
dermatoses compared to leprosy [52-54]. Chymase has also been
shown to contribute to the release of anti-inflammatory TGF-B1 and it is
also able to convert interleukin-1f, a pro-inflammatory cytokine, to its
active form [55] and can regulate inflammation by degrading IL-6 and
IL-13 and also TNF-a [56].

Despite the knowledge of mast cells as a potential “amplifiers” of
chronic inflammation [57,58], inhibition of mast cell activation in-
cluding the release of mediators represents a novel strategy to modulate
chronic granulomatous inflammatory reactions [27,59]. Mast cells
(MCs) participate in all stages of skin healing and one of their mediators
is the Annexin A1l protein (AnxAl), in addition to proteases, the ANXA1
is an important mediator of mast cells [38,39,60-62]. ANXA1 is a
protein linked to inflammation, proliferation, migration and apoptosis
processes, which is still poorly explored in leprosy. The ANXA1 can be
expressed by MC and has multiple functions in different systems, among
them, membrane fusion, phagocytosis, apoptosis and proliferation
[63-67]. Higher expression of ANXA1 seen in the epithelium of leprosy
lesions, compared to other dermatoses, was observed in our study in-
dependently of leprosy clinical form or reactional episodes. These
findings suggest that in leprosy lesions, including in T1R and T2R,
ANXA1 may exert its anti-inflammatory properties, down regulating the
inflammatory and adaptive immune response to prevent tissue injury
and possibly nerve damage.

Previous studies have demonstrated the anti-inflammatory role of
ANXA1 on adaptive immune responses, suppressing T cell proliferation
in antigen-stimulated rat T cell lines, and inhibiting proliferation and
activation of peripheral blood mononuclear cells from atopic in-
dividuals [68,69]. Absence of ANXA1 was associated with increased
joint inflammation in experimental arthritis model [70], and with in-
creased allergic inflammation in the lung in an airway hyper respon-
siveness model which included increased eosinophil recruitment, IL-4
production, and airway dysfunction [71]. Studies about the
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densitometric index (arbitrary units — a.u.) of different groups. Histological section from other dermatoses positive for immunostaining (H) and stained with 0.5%

toluidine blue (I) confirms that the ANXA1-positive cells are mast cell (arrow).

pathogenesis of tuberculosis showed that ANXA1 absence impairs the
host adaptive immunity against Mycobaterium tuberculosis. This absence
is correlated with an impaired ability of ANXA1 ™/~ dendritic cells to
activate naive T cells and result in a transient increase in the pulmonary
bacterial burden, exacerbated and disorganized granulomatous in-
flammation and higher susceptibility to M. tuberculosis [72]. Together
these studies provide evidence that ANXA1 is able to limit inflammation
and tissue damage in models associated with activation of the adaptive
immune system to infectious agents, as it occurs in leprosy skin lesions,
which can destroy peripheral nerves. This is the first report of a po-
tential novel anti-inflammatory role for MC in leprosy skin lesions by
expression of ANXA1, which may contribute to maintain homeostasis
and to prevent tissue and nerve damage. Moreover, evidence of mast
cell activation assessed by degranulation and tryptase expression trig-
gered by the infectious process does not seem to be influenced by the
leprosy form, nor the occurrence reactions.
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