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The involvement of endothelial mediators in leprosy

Maria Renata Sales Nogueira/*, Ana Carla Pereira Latini, Maria Esther Salles Nogueira

Instituto Lauro de Souza Lima, Divisao de Pesquisa e Ensino, Secretaria de Estado da Satde, Bauru, SP, Brasil

Leprosy is a chronic infectious disease that requires better understanding since it continues to be a significant
health problem in many parts of the world. Leprosy reactions are acute inflammatory episodes regarded as the
central etiology of nerve damage in the disease. The activation of endothelium is a relevant phenomenon to be
investigated in leprosy reactions. The present study evaluated the expression of endothelial factors in skin lesions
and serum samples of leprosy patients. Immunohistochemical analysis of skin samples and serum measurements
of VCAM-1, VEGF, tissue factor and thrombomodulin were performed in 77 leprosy patients and 12 controls. We
observed significant increase of VCAM-1 circulating levels in non-reactional leprosy (p = 0.0009). The immunos-
taining of VEGF and tissue factor was higher in endothelium of non-reactional leprosy (p = 0.02 for both) than
healthy controls. Patients with type I reaction presented increased thrombomodulin serum levels, compared with
non-reactional leprosy (p = 0.02). In type 2 reaction, no significant modifications were observed for the endothelial
factors investigated. The anti-inflammatory and antimicrobial activities of the endothelial factors may play key-
roles in the pathogenesis of leprosy and should be enrolled in studies focusing on alternative targets to improve the
management of leprosy and its reactions.
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Leprosy arises from infection caused by the bacte-
ria Mycobacterium leprae, which produces a chronic
granulomatous disease in humans that affects primar-
ily peripheral nerves and skin (White & Franco-Paredes
2015). Once the infection is established, the occurrence
of leprosy reactions constitutes the main cause of nerve
dysfunction aggravation (Franco-Paredes & Rodriguez-
Morales 2016). Leprosy reactions are acute inflamma-
tory episodes superimposed to the chronic course of the
disease and responsible for irreversible nerve damage
(Scollard et al. 2015). Leprosy reactions are classified
as type 1 (T1R) and type 2 (T2R) reactions, and show
distinct immunological characteristics that may occur
before and during the treatment or up to five years after
the conclusion of multidrug therapy (MDT) (Pandhi &
Chhabra 2013, Cortela et al. 2015).

T1R episodes are observed in borderline leprosy pa-
tients (BT, BB, BL) against antigenic determinants of M.
leprae and epitopes exposed by immune cells during the
infection (Naafs & van Hees 2016). T1R usually occurs
in preexisting lesions (Scollard et al. 2006). T2R devel-
ops in lepromatous leprosy (LL) and borderline leproma-
tous (BL), in which is observed high bacterial load and
ill-defined antigen specific T cells functions (de Souza
et al. 2016). T2R is described as abruptly induced recur-
rent episodes of immune complex-mediated reactions,
where local signs are accompanied by systemic involve-
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ment (Stefani et al. 2009, Cortela et al. 2015). The iden-
tification of specific markers of leprosy reactions could
allow more efficient management of patients at higher
risk. However, the risk prediction of such episodes still
remains unavailable (Mizoguti et al. 2015).

Blood vessels have strategic participation on inflam-
mation/immune response with important expression of
cytokines, adhesion molecules, growth factors, and he-
mostatic factors by endothelial cells (ten Cate et al. 1997,
Aird 2001, 2005, Levi et al. 2002, 2012). The activated
endothelial cells are permeable, prothrombotic and pro-
inflammatory, displaying critical roles in the sequestra-
tion and eradication of pathogens, vascular remodeling
and repair (Page & Liles 2013). Circulating products
from activated endothelium may be early detectable, be-
ing therefore clinically useful as predictive biomarkers
in systemic infectious diseases (Page & Liles 2013).

The central role of adhesion molecules on endo-
thelial cells involves directing the leukocyte traffic to
the inflammatory sites (Alon et al. 1995). In leprosy,
the elevation of adhesion molecules was demonstrated
in different cell types along the spectrum of the dis-
ease. Among adhesion molecules evidenced in lep-
rosy, it is possible to highlight the intercellular adhe-
sion molecule-1 (ICAM-1) and its ligand, lymphocyte
function-associated antigen-1 (LFA-1) (Sullivan et al.
1991, Rieckmann et al. 1996), E-selectin (Rieckmann et
al. 1996), as well as vascular cell adhesion molecule 1
(VCAM-1) (Martinuzzo et al. 2002).

In granulomatous inflammation, angiogenesis up-
regulates the vascular endothelial growth factor (VEGF),
which in turn, stimulates the migration and activation
of macrophages. VEGF, first described as a product of
neoplastic cells, is produced by normal somatic cells, es-
pecially of endothelial origin. VEGF increases vascular
permeability and has mitogenic activity on endothelium.
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Increasing VEGF has been found in dermal vasculature
of patients with T1R, indicating their involvement in the
natural history of these episodes and potential role as a
predictive marker (Fiallo et al. 2002, Soares et al. 2013,
Geluk et al. 2014, Khadge et al. 2015).

The inflammation-induced expression of tissue fac-
tor (TF), also known as thromboplastin, in endothelial
cells and macrophages is involved in the host immune
response to infections (Liang et al. 2015). In human
monocyte-derived macrophages (MDMs) infected by
Mycobacterium tuberculosis, TF deficiency was asso-
ciated with reduced expression of inducible nitric ox-
ide synthase (iNOS), enhanced expression of arginase
1 (Argl), elevation of IL-10 and promotion of M2-like
phenotype (Venkatasubramanian et al. 2016). Further-
more, the crosstalk of TF with endothelial protein C
receptor (EPCR), protease-activated receptor 2 (PAR2)
and TLR4, has been suggested to be necessary for inter-
feron-regulated host responses (Teles et al. 2013, Liang
et al. 2015). Thus, the induction of TF could participate
in the host response to M. leprae.

Thrombomodulin (TM) is a membrane protein found
on the surface of the endothelial lining, where it cataly-
ses the conversion of protein C into activated protein C
(aPC) by thrombin. The transcription of TM is enhanced
by arterial shear forces, involving the transcription of
the Kruppel-like factor 2 (KLF-2) and the suppression of
inflammatory activation (Parmar et al. 2006, van Hins-
bergh 2012). TM has been described as an anti-inflam-
matory agent in the reduction of acute kidney injury and
experimental glomerulonephritis (Ikeguchi et al. 2002,
Rajashekhar et al. 2012). Additionally, diseases present-
ing endothelial injury including sepsis, severe malaria
and dengue haemorrhagic fever display noticeable eleva-
tion of soluble TM (Boehme et al. 1994, Ohnishi 1999,
Page & Liles 2013).

The activation of endothelial cells induces elevation of
specific factors that may be involved in the pathogenesis
of leprosy reactions. Understanding the role of endothelial
mediators shall contribute to a more effective manage-
ment of leprosy reactions. This study aimed to investigate
the endothelial factors VCAM-1, VEGF, TM and TF in
serum samples and skin lesions of leprosy patients.

MATERIALS AND METHODS

Subjects - The participants of the study were se-
lected at the outpatient clinic of Lauro de Souza Lima
Institute, a reference center on leprosy, located at state
of Sdo Paulo, southeastern of Brazil. Leprosy patients
were diagnosed and classified according to Ridley and
Jopling (1966) criteria. At the time of sample collection,
all patients were under standard MDT preconised by the
World Health Organization. The moment of reaction and
how long the MDT had been administered for have not
been considered as exclusion criteria. Patients with con-
comitant systemic diseases and under corticoid therapy
were excluded from the study. Participants were divided
into the following groups: type 1 reaction (T1R, n = 20);
type 2 reaction (T2R, n = 19); non-reactional leprosy pa-
tients (NR, n = 24) and healthy controls (HC, n = 12).
Patients from NR group were subdivided into two sub-
groups according to their risk of developing TIR (NRT;
n = 23) and T2R (NRT2; n = 05). NRT1 has included
TT, BT, BB, and BL patients, while NRT2 has included
BL and LL (Table). For serum measurements, 10 mL of
venous blood was obtained from participants. Serum
samples were prepared and stored at -20°C until analy-
sis. Endothelial factors were evaluated in skin samples
of TIR (n = 17), T2R (n = 13), NR (NRTI, n = 14 and
NRT2, n = 03) leprosy lesions, as well as HC (n = 08).

Enzyme-linked immunosorbent assay (ELISA) - ELI-
SA techniques were conducted according to the manufac-
turer’s instructions: VCAM-1 (Human VCAM-1 Quanti-
kine® ELISA Kit, R&D Systems, USA), VEGF (Human
VEGF Quantikine® ELISA Kit, R&D Systems, USA),
TF (IMUBIND® Tissue Factor ELISA Kit, American
Diagnostica, USA) and TM (IMUBIND® Thrombomod-
ulin ELISA Kit, American Diagnostica, USA).

Immunohistochemistry - Samples were processed,
embedded in paraffin and serially sectioned in the
sagittal plane at 5 uM thickness in a Leica microtome.
Sections were mounted on silane-coated microscope
slides (ImmunoSlide, EazyPath®, Brazil). Immunohis-
tochemical analysis was performed according to previ-
ously standardised protocol. Sections were submitted
to a series of changes in xylene, ethanol and distillated

TABLE

Demographic and clinical characterisation of subjects enrolled in the study

Groups (n) Sex (M/F) Age Ridley and Jopling classification BI’
NR 24 16/8 49 (10-79) STT/2BT/12BB/4BL/1LL 5(0-6)
TIR 20 13/7 48 (17-81) 6TT/10BT/4BB/ 2 (0-4)
NRT1 23 15/8 49 (10-79) 5TT/2BT/12BB/3BL 5 (0-6)
T2R 19 16/3 45(20-83) 2BL/17LL 4 (1-6)°
NRT2 5 4/1 70 (53-79) 4BL/ILL 5(5-6)
HC 12 9/3 46 (23-69) - -

*: median (range); T: 8/19 (42.1%) T2R patients were diagnosed as regressive leprosy; M: male; F: female; BI: bacillary index; NR: non-
reactional leprosy; T1R: type 1 reaction; NRT1: non-reactional type 1; T2R: type 2 reaction; NRT2: non-reactional type 2; HC: healthy
controls; TT: tuberculoid; BT: borderline tuberculoid; BB: borderline borderline; BL: borderline lepromatous; LL: lepromatous.
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water. Antigen retrieval was achieved in 10 mM sodium
citrate buffer, pH 6.0, at 90°C for 20 min, followed by in-
cubations in TRIS-buffered saline (TBS)/0.5% Triton®
X-100 and deionised water. Endogenous peroxidase ac-
tivity was quenched by 3% hydrogen peroxide, for 40
min. Cross-reactivity was blocked by non-fat milk incu-
bation, for 30 min. Microscopic sections were then in-
cubated overnight with primary mouse/goat anti-human
antibodies to VCAM-1 (Santa Cruz Biotechnology Inc.,
USA), VEGF (R&D Systems, USA), TM (Santa Cruz
Biotechnology Inc., USA) and TF (R&D Systems, USA).
Subsequently, samples were incubated in TBS/0.5%
Triton® X-100, biotinylated secondary antibodies and
streptavidin-conjugated HRP (LSAB*System-HRP Uni-
versal, DakoCytomation, Denmark), for 30 min each.
Substrate chromogen solution (DAB - 3,3’-diamino-
benzidine, DakoCytomation, Denmark) was applied
on sections and blocked after 1-5 min. Further, the sec-
tions were counter-stained with Harris Hematoxylin
for 3 min, mounted in Permount™ Mounting Medium
(Fischer Scientific, USA) and visualised by standard
light microscope. Immunohistochemical staining was
assessed in blood vessels located in granulomatous le-
sions of leprosy patients (T1R, T2R, NRT1, and NRT2)
and in blood vessels of normal dermis in HC group.
All sections were evaluated under 400x magnification.
Semi-quantitative scores for each area were assigned as
follows: (0) negative; (1) weak positivity; (2) positive. It
was not necessary to perform a blind analysis on im-
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Fig. 1: VCAM-I in leprosy. (A) Comparison of VCAM-1 serum lev-
els in non-reactional leprosy patients (NR) vs healthy controls (HC)
(p = 0.0009); (B) immunohistochemical findings of VCAM-1 in skin
lesions of NR vs HC. Unpaired t test and Mann-Whitney test were ap-
plied. P value < 0.5 was taken as significance level.

munostained sections since the evaluation criteria were
based on the above-mentioned predefined scores and
specific microscopic fields.

Statistical analysis - Results were expressed by
mean =+ standard deviation. The data from serum mea-
surements were submitted to the unpaired t test or non-
parametric Mann-Whitney test, depending on the results
of Shapiro-Wilk normality test. The data collected from
immunohistochemical analysis were submitted to non-
parametric Mann-Whitney test. GraphPad Prism 5.01
for Windows (GraphPad Software Inc., USA) was used
for statistical analysis. P value < 0.05 was considered as
cutoff for significance.

Ethics - Procedures were in accordance with the ethi-
cal standards of the Human Ethics Committee of the Lau-
ro de Souza Lima Institute and the Helsinki Declaration.
All participants were informed about the study aims and
the procedures involved, then included only after signing
the Informed Consent Form, in accordance with Resolu-
tion n° 466 (2012) of the National Health Council.

RESULTS

It was observed herein that circulating levels of the
majority of endothelial factors are elevated in leprosy pa-
tients and that a marked TM increase was verified in TIR
as well. The population of study was composed by 67 lep-
rosy patients and 12 healthy controls, detailed in the Table.

ELISA evaluation of VCAM-1 in NR leprosy (62.5 +
14.7) demonstrated higher levels than HC (40.9 = 8.9) (p
=0.0009) (Fig. 1A). However, TIR patients (67.7 + 28.1)
and T2R (57.9 £+ 17.1) did not present distinct levels com-
pared to NRT1 (60.8 + 14.5) and NRT2 (75.29 + 8.56).
Immunohistochemical results for VCAM-1 in T1R and
T2R compared to NRT1 and NRT2 have also showed no
substantial differences. VCAM-1 was not detectable in
HC tissue samples (Fig. 1B).

Serum levels of VEGF were not different between
NR (306.9 + 187.6) and HC (336.0 + 195.5) (Fig. 2A); the
same has been observed when we compared T1R (333.4
+74.3) with NRT1 (267.5 £ 148.9) or T2R (515.4 £+ 313.2)
and NRT2 samples (444.5 + 189.7). However, immuno-
histochemical evaluation in NR leprosy lesions demon-
strated more VEGF-positive endothelial cells than in HC
(p=0.02) (Fig. 2B-C).

Circulating levels of TF in NR patients (70.5 £ 65.4)
compared to HC (27.7 £ 24.1) revealed a trend towards
statistically significant increase (p = 0.06) (Fig. 3A). TF
levels in TIR (68.4 + 38.6) and T2R (84.8 + 103.6) were
not different from NRT1 (41.4 + 26.3) and NRT2 (136.5
+ 74.8), respectively. Immunohistochemical analysis fol-
lowed serum results and TF was statistically different only
when we compared NR versus HC (p = 0.02) (Fig. 3B-C).

Soluble form of TM was significantly elevated (p =
0.02) in T1R (2.14 £ 1.05) compared to NRT1 (1.29 + 0.44)
(Fig. 4A). TM serum levels in NR patients (0.62 + 1.90)
were not distinct from HC (0.06 = 2.15), as well as TM in
T2R (1.57 + 0.77) compared to NRT2 (1.66 + 0.01). Im-
munohistochemical expression of TM in endothelial cells
followed the ELISA results, demonstrating a trend to be
higher (p = 0.06) in T1R compared to NRT1 (Fig. 4B-D).
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DISCUSSION

Endothelial activation produces a variety of mol-
ecules that play key roles in the pathogenesis of leprosy
and leprosy reactions.

TM is recognised for its important anti-inflamma-
tory role on the protection of endothelium. It has been
shown that the treatment with soluble forms of TM (STM)
reduced the expression of adhesion molecules in endothe-
lial cells activated by TNF (Rajashekhar et al. 2012). The
mechanisms by which TM exerts its anti-inflammatory
effect also involve complement and NF-kappa B pathways
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Fig. 2: VEGF in leprosy. (A) Circulating levels of VEGF in non-re-
actional leprosy patients (NR) vs healthy controls (HC); (B) immu-
nohistochemical evaluation of VEGF in NR lesions compared to HC
(p =0.02); (C) VEGF-positive endothelial cells in NR leprosy lesions
(400x magnification; Bar: 25 pM). Mann-Whitney test was applied. P
value < 0.5 was taken as significance level.
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inhibition (Conway et al. 2002). TMDI is a C-type lectin
domain at the TM molecule responsible for its anti-in-
flammatory effect. Interestingly, TMDI domain is similar
to those present at the C-type lectin receptors MRCI1 and
MBL, which in leprosy are widely involved in the innate
immunity against M. leprae (Cardoso et al. 2011).

Li et al. (2012) have demonstrated an anti-angiogenic
effect of the recombinant TMDI by interacting with
Lewis Y antigen (LeY). Noticeably, leprosy reactions
may be locally characterised by the induction of angio-
genesis, evidenced by CD31" and CD105" cells (Soares
et al. 2013). Soares et al. (2013) have verified an inverse
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Fig. 3: tissue factor (TF) in leprosy. (A) Serum levels of TF in non-
reactional leprosy (NR) showing a trend to statistical significance
when compared to healthy controls (HC) (p = 0.06); (B) immunohis-
tochemical data of TF in NR vs HC (p = 0.02); (C) TF immunostain-
ing in endothelium of NR leprosy patients (400x magnification; Bar:
25 uM). Mann-Whitney test was applied. P value < 0.5 was taken as
significance level.
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Fig. 4: thrombomodulin (TM) in type 1 leprosy reaction. (A) Serum levels of TM in type 1 reaction (T1R) compared to non-reactional leprosy
(NRT1) (p=0.02). (B) immunohistochemical findings of TM in T1R vs NRT1 (p = 0.06); (C-D) TM staining in TIR and NRT1 (400x magnifica-
tion; Bar: 25 uM). Mann-Whitney test was applied. P value < 0.5 was taken as significance level.

correlation between angiogenesis and the regression
of leprosy lesions, suggesting that the control of local
angiogenesis could provide a strategy to limit damage
caused by leprosy reactions. We hypothesize that the
TM increase in TIR could be a protection mechanism
to contain angiogenesis and the exacerbation of inflam-
mation.

Toda et al. (2013) have demonstrated two subsets of
dendritic cells (DCs) classified according to TM expres-
sion. TM* DCs presented a tolerogenic profile, while
TM DCs revealed immunogenic behavior. The expres-
sion of TM in DCs decreases the maturation markers
and inflammatory cytokines as TNF, IL-12p70 and IL-
6, while increases IL-10 production. Furthermore, TIR
presents higher number of DCs than T2R (Miranda et al.
2007). Since distinct immune mechanisms characterise
TIR and T2R development, it is feasible that TM is in-
duced in leprosy reactions by a range of influences. In
line with such hypothesis, elevated levels of COX-2 in
T1R may contribute to the production of TM, through-
out PGI2 (Rabausch et al. 2005, Pesce et al. 2006). Our
results reinforce previous statements on sTM as a prom-
ising alternative for non-steroidal and non-arachidonic
acid anti-inflammatory agents (Rajashekhar et al. 2012).

TF is a key mediator of the coagulation pathway (van
Hinsbergh 2012). In addition to its prothrombotic ac-
tivities, TF elevation is associated to TLR3-dependent

interferon beta (IFN-B) expression (Bode & Mackman
2015, Liang et al. 2015) that suppresses IFN-y-induced
antimicrobial responses in human leprosy (Teles et al.
2013, 2015). The positive correlation observed between
serum levels of TF and bacillary index (r = 0.65, p =
0.05), as well as a trend towards the increase of TF
serum levels in NR leprosy patients compared to HC
could be associated with the host failure attempting to
control the infection. ELISA results were reinforced
by TF immunostaining in leprosy lesions, in which
TF-positive blood vessels of NR were significantly
higher than HC tissue samples. Conversely, in vitro
experiments and knockout animal model data have
revealed that TF deficiency contributes to the growth
of M. tuberculosis by mechanisms involving the induc-
tion of M2-like phenotype (Venkatasubramanian et
al. 2016). Forastiero et al. (2005) have not found high
levels of TF in leprosy patients compared to healthy
controls. These distinct findings could be attributed to
experimental design disparities.

The interaction between the adhesion molecules
VLA-4and VCAM-1 is early involved in transendothelial
migration of T lymphocytes and its retention into the
tissues (van Dinther-Janssen et al. 1991, Wang et al.
2014). A range of inflammatory mediators, as TNF, IL-6
and TGF-fI is able to increase VCAM-1 on activated
endothelial cells (Pierangeli et al. 1999, Kaplanski et al.
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2000, Wang et al. 2014). In spite of the clear significance
of VCAM-1 in inflammation, only a previous study has
shown the elevation of VCAM-1 in non-reactional leprosy
patients with antiphospholipid antibodies (Martinuzzo et
al. 2002). Herein, we demonstrate a noticeable increase
of VCAM-1 in NR leprosy patients compared to HC.
However, we observed that T2R presented lower serum
titles of VCAM-1 in comparison to NRT2 and NR samples,
maybe due to the widely variable VCAM-1 production
in T2R, and the relative small number of NRT2 patients
enrolled in our study. Additionally, the majority of T2R
patients were LL (89.4%), while the NRT2 patients were
BL (80%). We could not reject the possible influence
of clinical forms of leprosy in final results of VCAM-
1. Similar findings were observed in TF evaluation,
probably for the same reasons argued in the case of
VCAM-1. The distribution of clinical forms in T2R and
NRT?2 did not influence VEGF and TM results. Previous
studies have demonstrated that ICAM-1 in keratinocytes
(Sullivan et al. 1991) and E-selectin (Souza et al. 2015) in
endothelial cells could be correlated with the outcome of
the host response to infection. We suggest a comparable
role of VCAM-1 with the former adhesion molecules, in
the endothelium of leprosy patients.

The overexpression of VEGF was previously asso-
ciated to severity of infectious conditions in which the
elevation of soluble TM and VCAM-1 was identified
(Page & Liles 2013). In leprosy, the overexpression of
VEGF was reported in TIR patients (Fiallo et al. 2002,
Soares et al. 2013, Geluk et al. 2014, Khadge et al. 2015).
Although VEGF is very likely involved in TIR, our data
demonstrated a significant increase of VEGF only in NR
skin lesions compared to HC.

The importance of interplay between endothelial
cells with M. leprae and the limited data on this issue
should be addressed in further studies. We have evalu-
ated endothelial factors in human umbilical endothelial
cell (HUVEC) culture stimulated by inactivated M. lep-
rae, after 24 h (data not shown). No significant differ-
ences were observed. Maybe alternative experimental
conditions could provide more clarifying results.

The knowledge about leprosy reactions has led to a
better understanding of immune mechanisms and ef-
forts in the discovery of biomarkers. Notwithstanding,
still remains a limited scenario of options in the predic-
tion and treatment of these inflammatory episodes. Our
study discusses the roles of endothelial mediators in the
pathogenesis of leprosy and their reactions in order to
contribute to studies focusing on alternative targets to
improve the management of leprosy.
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