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Abstract

Background Factor Xlll subunit A (FXIII-A) is used as a diagnostic marker in a wide range of dermatological diseases
ranging from inflammatory lesions to malignancies, although neither the cell types responsible for its expression nor the
mechanism(s) resulting in its local accumulation in pathological conditions have been characterized.

Objective In this study, we aimed to gain information on the cells showing an immunohistochemical reaction for FXIlI-
A and answer the question whether macrophages and/or dendritic cells are labelled for FXIII-A.

Methods We carried out our studies on samples of granuloma annulare (GA) and necrobiosis lipoidica (NL), the prime
examples for granulomatous skin lesions with a non-infectious background in which extracellular matrix remodelling is a
key feature without any sign of malignant transformation. We used markers for macrophages and dendritic cells in com-
bination with the detection of FXIII-A in double labelling immunohistochemical reactions.

Results We demonstrated that FXIII-A positivity clearly distinguishes macrophages (CD163+/FXIlI-A+) from dendritic
cells (CD11c+/FXIII-A—) not only in the normal dermis as previously described by Zaba et al. (J Clin Invest 2007; 117:
2517-2525) but also in the pathological conditions of GA and NL. Detecting the expression of DC-SIGN/CD209 and
mannose receptor molecules on FXIII-A+ macrophages we confirmed that FXIII-A is expressed in the alternatively acti-
vated macrophages. However, while DC-SIGN/CD209 was invariably expressed on FXIlI-A+ cells both in normal and
pathological conditions of GA/NL (98.7% vs. 93.5/96%), mannose receptor was only partially coexpressed with FXIII-A
(94.8% vs. 74.7/52.2%), suggesting that FXIII-A+ macrophages do not represent a homogenous population.
Conclusions Factor XllI (FXIIl)-A selectively marks macrophages and distinguishes them from dendritic cells. The pres-
ence of FXIII-A is not a disease-specific marker but indicates a possible common mechanism of macrophage activation
in various dermatological diseases.
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Introduction

Factor XIII (FXIII) involved in blood coagulation consists of two
globular A subunits (FXIII-A) exerting a transglutaminase activity
upon its activation, and two inhibitory B subunits (FXIII-B). It is
well known that the activated form of FXIII-A has an important
role in the final step of blood coagulation (fibrin stabilization);
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however, its role is not restricted to the area of haemostasis."” In
addition to megakaryocytes and platelets, monocytes and macro-
phages can also synthesize FXIII-A but are unable to secrete it.
FXIII-A can be detected from the very early stage of monocyte
differentiation (monoblasts in the bone marrow) via circulating
blood monocytes to the macrophages of connective tissue and
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serous cavities. Based on these findings, FXIII-A is interpreted as
a marker protein of the cell lines in which it acts as an intracellu-
lar transglutaminase with roles in various intracellular (intracyto-
plasmic and intranuclear) processes.””

The immunohistochemical detection of FXIII-A is widely
10720 3lthough
neither the FXIII-A-positive cell types nor the possible mecha-

used in dermatological pathology diagnosis,

nisms behind their abundant accumulation in certain lesions
have been convincingly interpreted. Historically, in addition to
monocyte-derived tissue histiocytes, dendritic cells, the key anti-
gen-presenting cells of the immune system, were also considered
to be positive for FXIII-A.'%'>!820 It became widely accepted
that ‘FXIII-A+ cells in human skin represent a specific popula-
tion of bone marrow-derived dermal dendritic cells, distinct
from Langerhans cells, that share some features common to
mononuclear phagocytes (monocyte/macrophages)’.”'
Concerning the application of immunohistochemical detec-
tion of FXIII-A in dermatohistopathology, we face the following
severe inconsistencies:
1 The presence of FXIII-A in monocyte-derived macrophages
is not ubiquitous. While under pathological conditions
observed in various tumours a high number of FXIII-A-posi-

d’22724 in

tive monocyte-derived macrophages can be foun
granulomas of sarcoidosis and tuberculosis the majority of
macrophages are negative for FXIII-A.>>*® To explain this
phenomenon, our previous studies have confirmed that the
presence of FXIII-A in macrophages indicates that they are
alternatively activated through a pathway induced by the
cytokines interleukin 4 (IL-4) and interleukin 13 (IL-13),
whereas its absence is a trait of classically activated macro-
phages, in which interferon gamma (IFy) is the triggering
cytokine molecule.”® Dissecting the two pathways of macro-
phage activation upon FXIII-A positivity suggests that FXIII-
A-positive macrophages are important players in conditions
where extracellular remodelling is the key feature (as in
tumour tissues), but not in the host vs. pathogen responses
as it is in tuberculosis granulomas.
2 A recent study that aimed to distinguish macrophages from
dendritic cells based on the expression of various markers
and functional characteristics of these cell types in the normal
human dermis illustrated that, while dermal macrophages are
CD163+ FXIII-A+, dendritic cells are CD11c+ CD1c+, and
these markers define discrete dermal cell populations with no
overlap.?” However, this type of classification has been chal-
lenged in pathological conditions only to a limited extent.*®
Our study was designed to determine whether the distinct cell
populations of macrophages and dendritic cells can be clearly
identified under pathological conditions upon FXIII-A positivity
and whether the accumulation of FXIII-A+ cells is related to the
matrix remodelling processes, a characteristic feature of the
alternatively activated macrophages. For our studies, we chose to
use samples of granuloma annulare (GA) and necrobiosis lipoi-
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dica (NL), the prime examples for dermatological diseases with a
large accumulation of macrophages, in which extracellular
matrix remodelling is a key feature without malignant transfor-
mation and with a non-infectious background.**°

Here, we demonstrate that the immunohistochemical detec-
tion of FXIII-A is a suitable marker to differentiate macrophages
from dendritic cells also in pathological conditions that are char-
acterized with extracellular matrix remodelling. The character-
ization of FXIII-A+ cells confirmed our previous findings that
FXIII-A macrophages express other markers of alternative acti-
vation, as well. In the interpretation of the development and
progression of GA and NL lesions, the impressive histological
appearance of foci consisting exclusively of dendritic cells sur-
rounded by tissue compartments extremely rich in FXIII-A+
macrophages may open new avenues for research, as well.

Materials and methods

Skin samples

Skin samples were obtained from four normal volunteers who
underwent plastic surgery, nine GA patients and six NL patients
in the Department of Dermatology, University of Debrecen,
Medical and Health Sciences Center (UDMHS). Histological
diagnosis was made in the Department of Pathology, UDMHS.
The acquisition of all skin specimens was reviewed and
approved by the Regional and Institutional Ethics Committee,
UDMHS. Informed consent was obtained, and the study was
performed in accordance with the Principles of the Declaration
of Helsinki.

Double immunofluorescence (DIF) studies of
macrophages and dendritic cells

Frozen sections were fixed in acetone for 10 min and incubated
in 5% normal goat serum diluted in Serum-Free Protein Block
(SFPB) (DAKO, Glostrup, Denmark). Factor XIII-A was
detected by rabbit affinity purified anti-human FXIII-A antibody
(diluted 1 : 100, Acris Antibodies, San Diego, CA, USA) for 2 h
at room temperature. This procedure was followed by visualiza-
tion using DyLight 488 goat anti-rabbit IgG antibody for 45 min
(diluted 1 : 40, Vector Labs, Burlingame, CA, USA). For coex-
pression, the detection of FXIII-A was sequentially combined
with different reference markers using mouse monoclonal anti-
human antibodies against CD antigens (see Table S1). Following
a 10-min incubation with normal horse serum containing SFPB,
the second primaries’ specific binding was visualized by DyLight
549 horse anti-mouse IgG antibody (diluted 1 : 40, Vector
Labs). Slides were washed in PBS and mounted with Vectashield
Mounting Medium with DAPI (Vector Labs) to counterstain
nuclei. For negative controls, the appropriate non-immune con-
trol sera [rabbit IgG from Vector Labs, mouse IgGl or mouse
IgG2b from BD Pharmingen (Heidelberg, Germany)] were used
in place of primary antibodies followed by the same procedure

© 2013 European Academy of Dermatology and Venereology



FXIlI-A distinguishes macrophages and DCs

as above. In general, no staining was observed; however, in some
cases, non-specific background fluorescence was observed in the
epidermis (not shown).

Images were acquired with an Axioplan microscope (Carl Ze-
iss, Oberkochen, Germany) equipped with selective filters and
connected to a CCD IMAC camera (Sony, Tokyo, Japan) and
ISIS fluorescent imaging system (MetaSystems, Altlussheim,
Germany).

To show unambiguous colocalization, some tissue samples
that were double labelled for EXIII-A and CDllc were also
imaged with a confocal laser-scanning microscope (LSM 700,
Carl Zeiss) equipped with solid-state lasers.

Analysis of coexpression of FXIII-A with CD antigens

On DIF samples, the degree of colocalization of FXIII-A with
CD antigens was analysed semiquantitatively by counting 100—
100 FXIII-A+ cells in association with other markers. Each sam-
ple was then evaluated separately, with the average percentages
of cells coexpressing FXIII-A and CD antigens (Table 1 and
Table S2).

Results

Normal and pathological skin samples harbouring
granuloma annulare and NL contain distinct FXIII-A+ and
CD11c+ cell populations

In normal skin, FXIII-A+ cells were found scattered in the papil-
lary and reticular dermis, whereas CD11c+ cells showing no col-
ocalization with FXIII-A+ cells were found in low numbers and
mainly localized beneath the epidermis. Confirming previous
data by Zaba et al.,”” FXIII-A+ cells were also positive for the
macrophage specific protein CD163, and coexpressed mannose
receptor (MMR/CD206) and DC-SIGN/CD209 markers. On the
other hand, besides the CDI11c+ cells, the few cells found to

express CD1a or CDIc, markers of different dendritic cell sub-
sets, were also negative for FXIII-A (Fig. 1).

In samples of GA and NL, EXIII-A+ cells were much more
abundant, and the density of CD1lct+ dendritic cells was also
elevated. The FXIII-A+ and CDI1lc+ cells showed two distinct
cell populations in both skin lesions, as was observed in normal
samples. Interestingly, the necrotic areas of the skin samples
mainly consisted of CD11lct cells, which were surrounded by
FXIII-A+ macrophages (Fig. 2).

Regarding CD68, which is expressed in a large proportion of
macrophages, a high number of CD68+ cells were present, but
found to only partially coexpress FXIII-A. Compared with nor-
mal skin tissues, GA and NL samples exhibited more cells identi-
fied as CDl1c and CDla (Fig. 3). Very few cells were stained for
the mature DC markers DC-LAMP/CD208 and/or CD83. In all
cases studied, CDI1c+, CDla+, DC-LAMP/CD208+ and CD83+
cells were always negative for FXIII-A (not shown).

These results indicate that immunohistochemical profiling
to separate macrophages from dendritic cells with the use of
the above markers for normal skin described by Zaba et al.?’
can also be applied to pathological samples including GA
and NL.

FXIII-A+ cells do not form a homogenous group

The immunofluorescent data for FXIII-A coexpression with CD
molecules in normal and pathological skin are listed in Table 1.
In summary, the number of FXIII-A+ cells increased consider-
ably in GA and NL skin samples. Almost the entire population
of the FXIII-A+ cells showed coexpression with CD163 in nor-
mal skin samples, although the overlap of the two markers was
found to be partial, but dominant in the examined granuloma-
tous samples of GA and NL. CD68 was expressed in most of the
FXIII-A+ cells in the normal skin, whereas in GA and NL only
approximately 60% of the cells expressed both proteins.

Table 1 Co-expression of FXIII-A with different CD antigens in normal, granuloma annulare and necrobiosis lipoidica skin samples

Percentage of FXIII-A positive cells showing co-expression with different CD antigens (based on serial

sections)

Normal skin (+SD)

Granuloma annulare (+SD)

Necrobiosis lipoidica (--SD)

CD163 97.8 (+2.3) 85.5 (+4.1) 771 (£6.9)
CD209 98.8 (+1.1) 93.5 (+3.2) 96.0 (+2.2)
CD206 94.8 (+1.6) 74.7 (£10.3) 52.2 (+3.9)
CD68 85.5 (+5.3) 62.3 (+18.5) 64.33 (+10.2)
CD11c 0 <1 <1

CD1c 0 <1 0

CD1a 0 0 0

CD208 0 0 0

CD83 0 0 0

Skin samples: n = 4 normal, n = 9 granuloma annulare, n = 6 necrobiosis lipoidica. Numbers indicate average percent of FXIII-A+ cells labeled by anti-

bodies against the given CD antigens; SD, standard deviation.
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Figure 1 Distribution of macrophages and dendritic cells in normal skin. Double immunofluorescent labelling for Factor XlII (FXII)-A
(green) and CD163, DC-SIGN/CD209, CD206/MMR, CD11c, CD1c, CD1a (red) detected on serial sections (horizontal images). FXIII-A+
macrophages were labelled for CD163, CD209 and CD206 (first three rows), while CD11c-, CD1c- and CD1a-positive dendritic cells were
negative for FXIII-A. In merged images, cell nuclei are counterstained with DAPI (blue). Bar = 100 um.

FXINA

CDl1e FXIIA + CDl1l1e

Figure 2 Factor XlII (FXIIl)-A+ and CD11c+ cells represent two distinct cell populations in GA and necrobiosis lipoidica (NL) skin lesions.
Double immunofluorescent labelling for FXIII-A (green) and CD11c (red), showing that both cell types were greatly accumulated in the
lesions, with no overlap in the two cell populations. Note the necrotic areas mainly consisting of CD11c+ cells (red) surrounded by FXIlI-

A+ macrophages (green). Bar = 100 um.

MMR/CD206 and DC-SIGN/CD209 expression levels were
increased in IL-4-treated macrophages, just as EXIII-A was®® and
were reported to be associated with the alternatively activated
macrophages besides dendritic cells in experimental condi-
tions.>"? Furthermore, Ochoa et al.®>® showed that DC-SIGN/
CD209 expression is not restricted to DCs in the normal skin but
is coexpressed with other markers of macrophages. In normal
skin, almost all FXIII-A+ cells expressed CD206, but in GA and
NL, approximately 75% and 50% of the EXIII-A+ cells showed co-
expression of CD206 respectively. In contrast, DC-SIGN/CD209
was almost invariably expressed on EXIII-A+ cells both in normal
and pathological conditions. Interestingly, the FXIII-A+ macro-
phages surrounding the necrotic areas also coexpressed both
CD206 and DC-SIGN/CD209 (Fig. 4, Table 1 and Table S2).

This finding shows that in relation to the extracellular matrix
remodelling found in GA and NL, FXIII-A+ macrophages also
express other markers of alternative activation (MMR/CD206
and DC-SIGN/CD209); however, these cells do not form a
homogenous population suggesting that the different expression
panels mark different in vivo functions.

Discussion

Almost immediately following the detection of FXIII-A in mono-
cytes and cultured macrophages,® the immunohistochemical
detection of FXIII-A was introduced into the repertoire of
diagnostic dermatohistopathology. FXIII-A was detected in the
stromal cells of many dermatological lesions both under
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inflammatory conditions (spongiotic dermatoses, lichen planus,
toxic epidermal necrolysis, psoriasis, acute and chronic graft-vs.-
host disease), as well as in malignancies (Kaposi’s sarcoma, der-
matofibromas, non-Langerhans cell histiocytoses, basal cell carci-
nomas and malignant melanomas).'®*® The cells found to be
positive for FXIII-A were interpreted in various ways (dendro-
cytes, histiocytes, monocyte-derived macrophages, or dendritic
cells). Despite the wide application of the immunohistochemical
detection of FXIII-A in dermatohistopathology, questions about
why FXIII-A is expressed, what its presence indicates, and what its
function might be were addressed only in limited ways, if at all.

In this study, we aimed to characterize FXIII-A+ cells in addi-
tion to normal skin in GA and NL samples and interpret our
findings on the basis of already existing in vitro and in vivo data
on FXIII-A+ macrophages. GA and NL were chosen for our
studies as these are the two most frequently diagnosed non-
infectious granulomatous diseases, in which the disruption of
collagen and elastic structure results in a tissue environment that
may trigger the alternative activation of macrophages.***’

We tested one of the most intriguing questions in the applica-
tion of the immunohistochemical detection of FXIII-A in the
dermatohistological diagnosis, namely, whether dendritic cells,
the key antigen-presenting cells of the immune system, are
FXIII-A+. This was supported by observations that dendritic
cells, the key antigen-presenting cells of the immune system,
were also considered to be FXIII-A+*' and by findings that
under in vitro conditions FXIII-A is involved in the chemotactic
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Figure 3 Distribution of marker reactions for macrophages and dendritic cells in non-infectious granulomatous lesions. Double immuno-
fluorescent labelling for factor XillI (FXIII)-A (green) and CD163, CD68, CD11c, CD1c, CD1a (red) in granuloma annulare. FXIII-A showed
coexpression with CD163, CD68, but could not be detected in CD11c-, CD1c- and CD1a-positive cells. In merged images, cell nuclei are
counterstained with DAPI (blue). Bar = 50 pm.

Fxuna

EXIIA ' EXINA

FXIIA + CD206 + DAPI FXIA + CD209 + DAPI

Figure 4 Factor XIII (FXIII)-A is coexpressed with markers of alternative macrophage activation (a) (b) Double immunofluorescent label-

ling for FXIII-A (green), MMR/CD206 and DC-SIGN/CD209 (red) in the dermis of granuloma annulare apart from the necrotic areas; (c) (d)
Double immunofluorescent labelling for FXIII-A (green) and MMR/CD206 and DC-SIGN/CD209 (red), showing that FXIII-A+ macrophages
surrounding the necrotic foci are positive for MMR/CD206 and DC-SIGN/CD209. In merged images, cell nuclei are counterstained with
DAPI (blue). Bar = 20 pm.

response and migration motility of monocyte-derived dendritic = CD11c+ CD1c+ cells (dendritic cells) are discrete dermal popu-
cells.’® However, Zaba et al.*’ defined FXIII-A as a marker lations in the normal human dermis, or in other words, cells that
exclusive for macrophages, and suggested that previous FXIII-A  express FXIII-A also express CD163 but neither CD11lc nor
positivity of dermal cells with dendritic morphology was due to  CD1c. While EXIII-A+ CD163+ cells were unable to stimulate T
a rabbit polyclonal antibody that was widely used. According to  cells, CD11ct+ CDIc+ cells were typical antigen presenters and
their classification, FXIII-A+ CD163+ cells (macrophages) and  fulfilled all of the requirements for classifying them as dendritic

JEADV 2013 © 2013 European Academy of Dermatology and Venereology
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cells.”” Regarding the interpretation of the in vitro findings on
the role of FXIII-A in dendritic cell rnotility,3 ® the method used
for the differentiation of monocytes into dendritic cells under
in vitro conditions notably represents a combined stimulus of
IL-4 and GM-CSF.*® We have previously demonstrated that IL-4
is a very potent inducer of FXIII-A expression,”® therefore the
detection of FXIII-A in DCs differentiated in vitro can be consid-
ered as a direct effect of the cytokine instead of being a marker
for DC differentiation.

In this study, we provide evidence that using the marker reac-
tions mentioned above, the two cell populations characterized
by Zaba et al?’ can be clearly distinguished also in pathological
samples of GA and NL in which FXIII-A+ macrophages and
CD11ct dendritic cells also show distinct population.

Dissecting the cells expressing FXIII-A, we found that CD163
was present in almost the whole FXIII-A+ cell population in
both the normal and the pathological samples. On the other
hand CD68, another widely used macrophage marker, was found
to overlap with FXIII-A only partially in the normal skin, and to
a lesser extent in GA and NL samples. These findings are consis-
tent with previous observations that besides macrophages, other
cell types such as dendritic cells, granulocytes and also non-mye-
loid cells express CD68 under certain conditions, therefore it
cannot be considered as a selective macrophage marker.”®

MMR/CD206 and DC-SIGN/DC209 are markers of alterna-
tive macrophage activation; however, using these markers alone
is not sufficient to detect macrophages as they are also expressed
in dendritic cells. Examining their expression in combination
with FXIII-A, in normal skin, FXIII+ cells expressed MMR/
CD206 and DC-SIGN/DC209. These data agree with our previ-
ous findings that FXIII-A-positive macrophages are alternatively
activated in the normal human dermis. Examining the macro-
phages in the GA and NL samples, the coexpression of FXIII-A
with DC-SIGN/DC209 was practically complete, but only par-
tially so for MMR/DC206; nevertheless, MMR/DC206 could be
observed in the majority of EXIII-A+ cells. Interestingly, in the
EXIII-A+ macrophages with a pivotal role in the granuloma for-
mation, detected around the necrotic areas mainly consisted of
CDl11c+ cells in the skin samples, both DC-SIGN/DC209 as well
as MMR/DC206 was positive. Comparing GA and NL samples
with the used marker reactions, they exerted similar macrophage
populations, suggesting similar macrophage activation mecha-
nisms in the background of the two diseases, in which matrix
remodelling might be a key player. These findings and further
immunohistochemical analyses of FXIII-A+ macrophages in GA
and NL samples revealed that these cells do not represent a
homogenous cell population. The existence of different cell clus-
ters suggests that certain in vivo stimuli during the activation of
macrophages under pathological conditions can influence their
marker characteristics. On the other hand, the high number of
CD1lct DCs found in the lesions of both GA and NL suggest
that despite previous histological studies where macrophages
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were in the focus® to explain the underlying pathomechanisms,
DCs should be taken into account as well. Based on the role of
DCs in antigen presentation their accumulation likely suggests
the presence of the primary antigen(s) within the lesions that
trigger(s) the granuloma formation. Further analysis of the dif-
ferent macrophage subsets as well as a more complex analysis of
the dendritic cells, the stimuli behind their accumulation and
their interaction with the FXIII-A+ macrophages surrounding
the necrotic foci could lead to a better understanding of their
aetiology and may even provide possible therapeutic targets not
only in GA and NL but also in other diseases with granuloma
formation.

To draw definitive conclusions on the role of intracellular
FXIII-A in dermal macrophages on the basis of its immunohis-
tological detection is most likely not possible, but it is still inter-
esting to speculate on the possible functions. As FXIII-A lacks a
signal peptide and as there is no proof for its secretion, its extra-
cellular activity is limited to conditions where FXIII-A is released
from destroyed macrophages.*>*! Based on the findings that
FXIII-A is localized mainly around the cytoplasmic vacuoles and
pseudopodia and on the fact that cytoskeletal proteins such as
actin, myosin and vinculin are known substrates for activated
FXIII-A, FXIII-A might play important roles in certain intracel-
lular processes in which cytoskeletal remodelling is a key fea-

42-4
ture. >

Our previous studies showed that monocytes/
from FXIII-A-deficient

impaired capacity of Fcy and complement receptor-mediated

macrophages patients exerted an
phagocytosis*® suggests that FXIII-A is essential in the tissue
remodelling activity of macrophages both in GA and NL. The
translocation of FXIII-A with a maintained transglutaminase
activity to the nuclei of macrophages differentiating from mono-
cytes has also been demonstrated, and its possible involvement
in gene expression regulation was suggested.”” Comparing gene
expression profiles of normal and FXIII-A-deficient cultured
human macrophages by microarray revealed that FXIII-A has an
important role(s) in mediating gene expression changes in mac-
rophages during alternative activation. Clustering the genes that
were differentially regulated in the absence of the functionally
active FXIII-A protein showed that FXIII-A might influence
immune functions, extracellular matrix remodelling and wound
healing at the level of gene expression regulation.*® To support
these speculations on the role of FXIII-A in the pathogenesis of
GA and NL, the most important tool would be the dermatologi-
cal follow-up of FXIII-A-deficient patients, but the register*’
does not contain any information about these patients’ dermato-
logical diseases.

Our findings clearly demonstrate that the classification of
macrophages and dendritic cells based on certain markers previ-
ously described by Zaba et al.*” is useful not only under normal
skin conditions but also under pathological conditions repre-
sented by GA and NL. With this work we put forward the need
for revisiting the ‘traditionally’ used marker reactions to identify
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macrophages and suggest the use of CD163 and CD11c to distin-
guish the populations of macrophages and dendritic cells under
different pathological conditions. We also showed that identify-
ing macrophages upon CD68 positivity might be misleading in
the dermatopathological diagnosis, as in the examined granu-
lomatous lesions a large population of EXIII-A macrophages
were found to be negative for CD68 but not for CD163. Further-
more, we provide evidence that FXIII-A is not a disease-specific
marker but indicates a possible common mechanism of macro-
phage activation in various dermatological diseases, which may
contribute to a better understanding of disease development and

progression.
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