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Abstract

Background: Angiogenesis and lymphangiogenesis are the processes of neovascularization that evolve from
preexisting blood and lymphatic vessels. There are few studies on angiogenesis and none on lymphangiogenesis in
leprosy. Thus, the role of neovascularization in the pathophysiological mechanisms of the disease was studied
across the spectrum of leprosy, its reactional states and its residual lesions.

Methodology/Principal Findings: Seventy-six biopsies of leprosy skin lesions and seven healthy controls were
selected. Fifty-five serum samples were used for the detection of CD105 by ELISA. Histological sections were
stained with antibodies against CD31 (blood and lymphatic vessels), D2-40/podoplanin (lymphatic vessels), and
CD105/endoglin (neovessels). Microvessels were counted in 100 high-power fields (400x) and the number of vessels
was evaluated in relation to the extension of the inflammatory infiltrate (0-3), to the bacillary index (0-6) and to the
clinical forms. Angiogenesis, as marked by CD31 and CD105, was observed across the leprosy spectrum, compared
with the controls. Additionally, there was a positive correlation between these markers with extension of the infiltrate
(p <0.0001). For D2/40, lymphangiogenesis was observed in the tuberculoid form (p <0.0001). There was no
statistical significance for values of CD105 detected in plasma by ELISA.

Conclusions/Significance: Angiogenesis is present across the spectrum of leprosy and in its reactional forms. The
increase in the number of vessels, as detected by CD31 and CD105 staining, is related to the extension of the
inflammatory infiltrate. Samples from reactional lesions have a higher number of CD31+ and CD105+ stained
vessels, which indicates their involvement in the pathophysiological mechanisms of the reactional states. The
regression of lesions is accompanied by the regression of neovascularization. Drugs inhibiting angiogenesis may be
relevant in the treatment of leprosy, in addition to multidrugtherapy, and in the prevention of the development of
reactions.
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Introduction

Leprosy is a chronic infectious disease caused by
Mycobacterium leprae. The bacillus has tropism for the
peripheral nervous system, making leprosy a predominantly
neural disease. The classification of Ridley and Jopling (R&J)
divides leprosy into two polar forms: tuberculoid (TT) and
lepromatous (LL). An immunologically unstable intermediate
group separates the two polar forms and is divided into three
subgroups: borderline tuberculoid (BT), borderline-borderline
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(BB) and borderline-lepromatous (BL). These groups are
classified according to clinical characteristics, skin smear
bacillary index and histopathological features [1]. Reactions are
the abrupt onset of cutaneo-neural lesions, which are
sometimes intensive and destructive. These may occur at
variable times during leprosy progression. There are two types
of reactions in leprosy. One occurs in patients in whom specific
cellular immunity against M. leprae is preserved to some
degree; this reaction is called a type "1" reaction or Reversal
Reaction (RR). The second type of reaction occurs in patients
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in whom cellular immunity is only slightly preserved or is
virtually absent and is called a type "2" reaction or erythema
nodosum leprosum (ENL). Leprosy reactions are important
events in the evolution of leprosy, and currently no specific
treatment can prevent the occurrence of these phenomena. In
general, during reactional episodes, it is not uncommon to
observe worsening of the neurological injuries, which can
cause permanent functional disabilities [2].

Angiogenesis and lymphangiogenesis are the processes of
neovascularization from pre-existing blood and lymphatic
vessels. These phenomena are regulated by endothelial
growth factors and their receptors and can be observed both in
physiological and pathological processes [3]. There are many
studies on angiogenesis and lymphangiogenesis in neoplasias,
and recently, the importance of angiogenesis has been
recognized in inflammatory and infectious processes [4].
Currently, new angiogenesis inhibitors, which can normalize or
block angiogenesis, are being developed for the treatment of
inflammatory diseases and neoplasias [5].

Only a few studies have been conducted on angiogenesis in
leprosy, and none have been conducted on
lymphangiogenesis. Some studies have correlated the
neovascularization observed in leprosy with increased bacillary
index and disease progression [6,7]. However, the occurrence
of neovascularization in reactional episodes or in regressive
leprosy lesions has not been reported. Therefore, more
detailed studies on angiogenesis and lymphangiogenesis in
leprosy are important for the understanding of its
pathophysiological mechanisms and to identify new therapeutic
targets that may aid the treatment of the disease.

The aim of this study was to evaluate angiogenesis and
lymphangiogenesis across the spectrum of leprosy, in its
reactional episodes and in its residual lesions by
immunohistochemistry (IHC), using the markers CD31, CD105/
endoglin and D2-40/podoplanin [8-11]. Additionally, 55
samples were used for the detection of CD105 in the serum by
ELISA. CD105/endoglin is a co-receptor for the transforming
growth factor-B (TGF-B1) molecule, a multifunctional cytokine
that is involved in many physiological and pathological
processes and plays a central role in angiogenesis [11,12].
CD105 is mainly expressed in the endothelium of neovessels.
Several studies have suggested that CD105/endoglin is a
specific marker of neovascularization in several cancer
processes. It is strongly expressed in neovessels and is usually
absent in normal vessels. In the skin, it is expressed almost
exclusively in neovessels, and it is not present in the common
vessels and other components of the skin. Some studies with
neoplasias show contradictory results in respect to anti-CD105
levels in the serum by ELISA [13], however, in leprosy, CD105
might be a marker of severity of the disease, as well as a
predictive marker for reactional episodes. CD31, also called
endothelial platelet adhesion glycoprotein-1 molecule, is a 130-
kDa transmembrane protein that is expressed on monocytes,
platelets, "T" lymphocytes subsets and in blood and lymphatic
vessels. CD31 shows strong positive expression in the blood
and lymphatic vessels of the skin, while all other skin
components are negative for CD31 expression [9]. D2-40/
podoplanin is a monoclonal antibody of subclass 1gG2a; it is
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directed against the M2A oncofetal antigen that is usually
expressed in germ cell tumors and fetal testis tissue [10]. In
addition, it is recognized as one of the most sensitive and
specific markers that can be used to differentiate lymphatic and
blood vessels.

Materials and Methods

Ethical Statement

This is a retrospective observational study that used paraffin
blocks from archive material of previously diagnosed leprosy
cases, obtained from the Department of Pathology of Lauro de
Souza Lima Institute (ILSL). The study was approved by the
Research Ethics Committee of the ILSL. All samples were
anonymized. Written consent was obtained from participants
who accepted to have material from healthy skin collected to
compose the control group.

Selection of Cases

Seventy-six blocks of surgical specimens from skin biopsies
(punch 5 or 6) that were taken from the skin lesions of leprosy
patients and controls between January of 2007 and June of
2011 were selected for retrospective evaluation. Biopsies of
newly diagnosed patients were allocated to the following
subgroups: seven indeterminate (l), eight tuberculoid (TT),
seven borderline tuberculoid (BT), nine borderline-borderline
(BB), eight borderline-lepromatous (BV), seven lepromatous
(LL). Biopsies from reactional patients were collected either at
diagnosis, or during or after multidrugtherapy (MDT) treatment,
however, none of them had received corticosteroids or
thalidomide to treat the reactional episodes. The reactional
patients were then allocated to other sub-groups: nine type "1"
reaction (RR) and seven type "2" reaction (ENL). The control
was composed by seven biopsies from healthy individuals (C)
collected from upper and lower limbs and trunk. These biopsies
were collected from individuals that came to the ambulatory of
the institute, with suspicion of a dermatological disorder,
however, the clinical and histopathological evaluation resulted
negative for infectious, inflammatory, metabolic, neoplastic or
genetic disease, and also, the referee patients was not taking
any drugs routinely. Additionally, a sub-group of seven residual
lepromatous leprosy lesions (RE), composed by samples of
regressive lesions taken more than ten years after the end of
specific MDT treatment and who presented with clinical and
histopathological features of residual lesions was included
(Figure 1). The inclusion criteria used were as follows: 1)
samples without ulceration of the skin, 2) samples with
representation from all layers of the skin and subcutaneous
tissue, and 3) samples that were not taken from scalp, face,
soles and palms, that could show variable number of vessels,
compared to other skin parts.

Forty-six of the 76 selected samples also had paired serum
samples collected at the same time of the skin biopsy, and
these cases comprised six TT, six BT, six BB, seven BL, seven
LL, seven RR and seven ENL.A group of nine sera from
healthy individuals were retrieved from the sera bank of the
Institute to be used as controls for the anti-CD105 serological
assay.
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Figure 1. Experimental design. (A) Seventy-six paraffin blocks were selected. The samples constituted punch biopsies of
patients in the leprosy spectrum, reactional cases, residual leprosy and controls (n=76). (B) The sections (4um) were stained by HE
and Fite-Faraco (R&J histopathological classification) and (C) immunohistochemistry using antibodies against CD31, D2-40 and
CD105 for the counting of microvessels. (D) For each marker, the microvessels were counted in 100 hpf, within the entire thickness
of the dermis and part of the subcutaneous tissue. (E) A field immunostained for CD105 in ENL lesion. (*) 46 patients, six TT, six
BT, six BB, seven BL, seven LL, seven RR and seven ENL, also had blood samples taken. Nine healthy controls (C) were included
in the ELISA test for serum detection of CD105.

doi: 10.1371/journal.pone.0074651.g001

Histological Analysis inflammatory infiltrate, the histological sections were scanned

New histological hematoxylin-eosin (HE) and Fite-Faraco at low magnification (40x) for the semi-quantitative definition of
sections were prepared for all selected blocks. One pathologist infiltrate score, defined as absent or minimum (zero) when
(CTS) evaluated the slides for classification according to the infiltrates constituted up to 5% of the extension of the

R&J criteria, extension of the inflammatory infiltrate, bacillary histological sections, mild (1+) when infiltrates constituted
index and counting of microvessels. With respect to the between 5 and 25%, moderate (2+) when infiltrates constituted
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between 25 and 50% and intense (3+) when infiltrates
constituted more than 50% of the histological section. The
bacillary index (Bl) ranged from zero to 6+, as defined in the
literature [1].

Immunochemical Technique (IHC)

The IHC reaction was performed according to standard
protocols, using the indirect streptavidin-biotin peroxidase
method for CD31 (LSAB - Dako, California / USA) and envision
for CD105 and D2-40 (Dako, California / USA) in accordance
with the manufacturer's recommendations. The colorimetric
revelation was performed using 3'-3'-diaminobenzidine (DAB)
with hydrogen peroxide as the substrate (Dako, California /
USA). Slides were counterstained with hematoxylin (Merck
KGaA, Darmstadt, Germany). Negative and positive control
biopsy materials, both internal and external, were also
evaluated. The primary antibodies used were monoclonal
"mouse anti-human” and are listed as follows: (a) CD31
endothelial cell (clone JC/70A, 1:100, Dako, Glostrup,
Denmark), (b) D2-40/podoplanin (cloneD2-40, 1:200, Dako,
Glostrup, Denmark), and (c) CD105/endogolin (clone4G11,
1:100, Novocastra, Newcastle, UK). The histological sections
were scanned at high magnification (400x) for the counting of
microvessels without prior knowledge of the classification of the
samples. A total of 100 fields were sequentially evaluated for
vessel number, starting at the papillary dermis so that the
entire thickness of the dermis and part of the subcutaneous
tissue were examined (Figure 1). The fields were counted in
two histological sections, each corresponding to a respective
half of the specimen (punch biopsy). The slides were analyzed
under a Nikon Eclipse 50i light microscope (Nikon Corporation,
Japan), in which each high power field (hpf) corresponded to
0.152 mm?2. The sum of vessels per 100 hpf was calculated.
Individual capillaries were counted in each section, and
arterioles and venules were excluded. Any intensity of
immunostained vessel was considered to be positive. The
values obtained for the three markers were evaluated after
counting the vessels in 100 hpf. Statistical analysis of the
following groups was carried out: (a) forms across the leprosy
spectrum, reactional states, residual leprosy and control, (b)
bacillary index, (c) extension of the inflammatory infiltrate, (d)
RR versus forms in the spectrum prone to developing RR (TT +
BT + BB + BL), (e) ENL versus forms in the spectrum prone to
developing ENL (BL + LL), and (f) RR versus ENL.

ELISA for Serological Detection of CD105

The Quantikine ELISA kit - Human endoglin/CD105 was
used for the serological detection of CD105 in the 55 samples.
The assay was performed according to the manufacturer's
instructions (R & D Systems, Minneapolis, USA).

Statistical Analysis

The data were represented as the mean + SEM and
analyzed using GraphPad Prism version 5.0 for Windows
(GraphPad Software, San Diego, CA). Statistical significance
among groups was calculated by the Kruskal-Wallis test,
followed by Dunn’s Multiple Comparison test. Values of p<0.05
were considered as significant.
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Results

Among the 76 selected samples, 55 were males and 21 were
females. The male predominance was observed in all clinical
forms of the leprosy spectrum and also in the reactional cases.
The mean age was 44 years and ranged from 8 to 88 years.
Hematoxylin-eosin (HE) histological sections of leprosy lesions
showed distinct histological changes in the blood capillaries
compared with control sections. In general, the vessels in C, |,
and RE exhibited fusiform endothelium with elongated nuclei
and without nucleoli (Figure 2a). In the leprosy spectrum, the
endothelial cells were larger, with round nuclei and one or two
small nucleoli, which are evidences of endothelial cells in
proliferation. In the reactional cases, especially in ENL
samples, the endothelial cells were large, sometimes
epithelioid, with multivacuolated cytoplasm and prominent
nucleoli, and showed occasional mitoses (Figure 2b).

With respect to the number of microvessels evaluated in
100hpf, significant differences were observed between several
of the groups when compared with the clinical form, reactional
episodes and control (Table 1). In respect to CD105 positivity,
it was significantly higher in the polar lepromatous group (LL)
and reactional groups (RR and ENL) when compared with
groups |, RE and C (Table 1). Additionally, there was
significantly higher CD105 staining in the BL group compared
with group C.

When the bacillary index was evaluated with respect to the
positive staining of the different markers, a significant
difference was only observed for CD105. CD105 expression
was significantly higher in patients with scores of 3 and 6 when
compared with those with scores of 0 and 1 (Table 2). With
respect to the extension of the infiltrate, significantly higher
positive CD31 staining was observed in patients with scores of
2 or 3 when compared with those with scores of 0 or 1 (Table
3). For the CD105, there was significantly higher number of
positive stained vessels in patients with scores of 1, 2 or 3
compared with patients with a score of 0, and in patients with
scores of 2 or 3 when compared with patients with a score of 1
(Table 3). There was no significant difference in D2-40
expression between the patients with different scores.

When the opposite extreme sides of the leprosy spectrum,
tuberculoid (TT/BT) and lepromatous (BL/LL), were compared
to controls, CD31 and CD105 positive stained vessels were
significantly higher in patients with both tuberculoid and
lepromatous sides compared with controls (Figure 3A and 3C).
Patients on the tuberculoid side of the disease had a
significantly higher number of vessels that stained positively for
D2-40 compared with the control patients and patients on the
lepromatous side of the disease (Figure 3B). The analysis of
the reactional groups, RR and ENL, and their respective clinical
forms, TT/BT/BB/BL for RR and BL/LL for ENL, showed
significant differences in CD105 staining among all groups
evaluated, with the highest number of positively stained
vessels observed in the reactional group, followed by the
clinical forms and the control group (Figure 3F and 3l). For
D2-40, no significant difference in expression was observed
between the groups evaluated (Figure 3E and 3H). There was
a significantly higher number of vessels positive for CD31
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Figure 2. Histopathological pictures. (A) A normal capillary vessel in the papillary dermis, comprising endothelial cells with
fusiform shape and showing elongated nuclei (HE, 1000x). (B) The endothelium of an ENL skin lesion, comprising endothelial cells
with large and vacuolated cytoplasm, large nuclei, one or more nucleoli and mitoses. The lumen of the capillaries and the
interstitium are filled by neutrophils, macrophages, lymphocytes and plasma cells, among other cells (HE-1000x). (C) Capillaries
positive for CD31 inside and surrounding the tuberculoid granuloma (IHC, CD31- 200x). (D) Capillaries positive for CD105 inside
and surrounding the tuberculoid granuloma (IHC, CD105- 200x). (E) A lepromatous lesion showing multivacuolated histiocytes
permeated by capillary vessels (HE- 400x). (F) A residual lesion showing regressive granulomas with a few histiocytes with
multivacuolated cytoplasm (HE- 400x). (G) A tuberculoid leprosy case showing a granuloma comprised of epithelioid macrophages
in the center and lymphocytes in the periphery (HE- 400x). (H) Lymphatic vessels around the tuberculoid granuloma containing
multinucleated giant cells (IHC, D2-40, 200x).

doi: 10.1371/journal.pone.0074651.g002
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Table 1. Mean number of vessels for all leprosy groups and
control (n=76).

Angiogenesis and Lymphangiogenesis in Leprosy

Table 3. Mean number of vessels compared to extension of
the inflammatory infiltrates in leprosy groups (n=69).

Groups CD31 D2-40 CD105 Inflammatory infiltrate CD31 D2-40 CD105

C (n=7) 705 (619-849)2 97 (75-114) 0(0)f 0(n=14) 770 (578-925) 106 (79-160)  4(0-15)¢

1 (n=7) 781 (578-925)P 101 (79-134) 2(0-5)9 1(n=23) 823 (642-1098)P 110 (80-180) 101 (14-239)d
TT (n=8) 1101 (961-1305) 187 (124-261)® 115 (26-338) 2(n=23) 1041 (792-1305) 140 (60-290) 308 (32-714)

BT (n=7) 838 (728-1006) 133 (80-201) 139 (58-293) 3(n=9) 1417 (763-2156) 105 (65-185) 767 (301-1245)
BB (n=9) 774 (642-911)¢ 89 (60-116) 65 (14-177)h Mean values (minimum - maximum) of the number of vessels counted using three
BL (n=8) 837 (643-942) 97 (74-117) 193 (35-343) markers (CD 30, D2-40 and CD105) in relation to the extension of the inflammatory
LL (n=7) 1124 (671-1572) 117 (65-185) 436 (155-1113) infiltrates (scores), in all clinical forms of the leprosy spectrum, reactional states
RR (n=9) 989 (802-1183) 148 (75-290) 337 (196-520) and residual leprosy groups. Scores: “0” from 0 to 5%; “1” from 6% to 25%; “2”
ENL (n=7) 1501 (1132-2156) 104 (85-119) 890 (572-1245) from 26% to 50%; “3” more than 50%. P<0.05: (CD31) 2 0 versus 2 and 3; ° 1
RE (n=7) 758 (611-908)d 111 (84-160) 6(0-15)i versus 2 and 3; (CD105) 0 versus 1, 2 and 3; 9 1 versus 2 and 3.

Mean values (minimum - maximum) of the number of vessels counted using three
markers (CD 31, D2-40 and CD 105) for all clinical forms of the leprosy spectrum,
reactional cases, residual leprosy and control group. P<0.05: (CD31) @ C versus
TT, LL and ENL; P | versus ENL; © BB versus TT and ENL; ¢ RE versus TT and
ENL (D2-40). © TT versus BB, BL and C (CD105). f C versus BL, LL, RR and ENL;
9 versus LL, RR and ENL; " BB versus ENL; | RE versus LL, RR and ENL.

Table 2. Mean number of microvessels stratified by
bacillary index (Bl) for leprosy groups (n=69).

Bacillary index CD31 D2-40 CD105
0(n=13) 922 (611-1294) 151 (84-290) 87 (0-455)2
1(n=13) 878 (578-1305) 138 (82-261) 80 (0-437)P
2(n=8) 843 (811-1006) 126 (80-201) 182 (58-347)
3(n=6) 1335 (794-2156) 110 (85-160) 685 (43-1245)
4(n=6) 833 (642-1144) 106 (87-140) 134 (14-403)
5(n=10) 966 (643-1652) 92 (60-119) 285 (28-984)
6(n=13) 1033 (671-1572) 107 (79-185) 386 (165-1113)

Mean values (minimum - maximum) of the number of microvessels counted using
three markers (CD30, D2-40 and CD105), and stratified by Bl for all clinical forms
of the leprosy spectrum, reactional states and residual leprosy groups. P<0.05:
(CD105) @ 0 versus 3 and 6; P 1 versus 3 and 6.

IB “0” (n=13): four TT, two RR and seven RE.

IB “1” (n=13): seven |, four TT, one BT and one RR.

IB “2” (n= 8): six BT and two RR.

IB “3” (n=6): one BB, one RR and four ENL.

IB “4” (n=6): four BB and two RR.

IB “5” (n=10): four BB, three BL, one RR and two ENL.

IB “6” (n=13): five BL, seven LL and one ENL.

staining in the RR and clinical forms compared with the control
group (Figure 3D). In addition, there was a significantly higher
difference in the number of vessels positive for CD31 in the
ENL group compared with the clinical forms and control group
(Figure 3G).

The CD105 values detected in the serum by ELISA are
detailed in Figure 4. There was no statistically significant
difference between groups in the spectrum, reactional states,
residual leprosy lesions and control.

PLOS ONE | www.plosone.org

Score “0” (n= 14): seven | and seven residual.

Score “1” (n= 23): four TT, six BT, seven BB, three BL, one LL and two RR.

Score “2” (n= 23): four TT, one BT, two BB, four BL, two LL, seven RR and three
ENL.

Score “3” (n=9): one BL, four LL and four ENL.

Discussion

Angiogenesis is the process of the formation of new vessels
from preexisting vessels, and it has important roles in
physiological processes such as embryogenesis as well as in
pathological processes. In pathological processes,
angiogenesis generates abnormal vessels, as the newly
formed vessels are often irregular, unevenly distributed and
show heterogeneous structure and function, with the formation
of arteriovenous shunts and variable fenestrations and showing
hyperpermeability to plasma proteins and cells. Angiogenesis
is involved in several biological processes, both physiological
and pathological, such as cell proliferation, migration, cell
differentiation and interaction [14].

Angiogenesis during neoplastic processes has received
great attention in recent decades. The neovascularization
induced by cancer cells is necessary to support the
proliferation of cancer cells, their invasion into adjacent tissues
and metastasis [15]. Recently, more importance has been
given to studying angiogenesis in non-neoplastic diseases,
such as inflammatory, autoimmune and infectious diseases.
Studies have shown roles for angiogenesis in Crohn’s disease,
Rheumatoid Arthritis, Psoriasis and Rosacea [16,17]. In chronic
inflammatory processes, there are close relationships between
angiogenesis and the cells that constitute the inflammatory
infiltrate.  Cytokines and pro-inflammatory chemokines,
secreted during inflammatory processes, are potent activators
of endothelial cells, inducing neovessels formation and
proliferation as well as vasodilation, fluid leakage and the
recruitment and adhesion of inflammatory cells to endothelial
cells [17,18].

Only a few studies in the literature have addressed
angiogenesis in leprosy, and none of them compared the
clinical forms to the reactional states and the residual lesions.
Antunes et al. found two distinct architectural patterns while
investigating the microvasculature in leprosy skin lesions by
immunohistochemistry using anti-factor VIII and Ulex
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Figure 3. Microvessels counting. Evaluation of positive staining for the three markers (CD31, D2-40 and CD105) in comparison
with polar forms of the leprosy spectrum, reactional groups (RR and ENL) and the clinical forms of the reactional groups (A-l).
Different letters indicate statistical significance (P<0,05), equal letters indicate no significance.

doi: 10.1371/journal.pone.0074651.g003

Europaeus-Lecithin-1 as markers. In lepromatous lesions,
tortuous vessels were noted between macrophages containing
bacilli. In tuberculoid lesions, the microvessels were observed
only at the periphery but not within the granulomas [6]. In the
present study, CD31+ microvessels were identified in lesions
from the tuberculoid side of the spectrum, including TT and BT,
both in the periphery and within the granulomas, with the
predominance in the periphery. CD105+ vessels were also
detected within and outside of the granulomas, indicating that
they were neovessels that had been induced to support the
granulomas (Figure 2c and 2d).

Bhandarkar et al. evaluated microvessels by IHC with anti-
CD31 and found that the average number of microvessels in
BT, BB and LL forms was significantly higher than in
indeterminate lesions and concluded that the increased
bacterial load was associated with increased angiogenesis [7].
In the present study, the number of microvessels evaluated by
anti-CD31 was significantly increased (P <0.05) in most forms
of the leprosy spectrum and in reactional states, with the
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exception of indeterminate, BB and residual lesions, compared
with the control. However, there was no direct relationship
between the number of microvessels and the progression of
leprosy across the spectrum or with the BIl. In contrast, a
correlation between the extension of the inflammatory infiltrate
and the number of microvessels was observed (Tables 1, 2
and 3). The discrepant results observed are most likely due to
the different evaluation methods used in the two studies.
Bhandarkar et al. analyzed 32 samples, four I, five TT, 12 BT,
three BB, three BL and five LL, and the enumeration of
microvessels was performed in hot spots, which are areas
determined by the observers to represent the fields of greatest
vascular density within a given section [7,19]. In the present
study, besides the leprosy spectrum, control, reactional (RR
and ENL) and residual samples were evaluated. Additionally,
microvessels were counted in 100 hpf with high power
objective (400x), and the entire thickness of the dermis and the
subcutaneous tissue was evaluated (Figure 1).
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Figure 4. Anti-CD105 serum levels detected by

ELISA. Detection of antibodies against CD105 in sera of
leprosy patients across the spectrum, in reactional groups and
controls. Data reported as means + SD absorbance. Results
show that absorbance was not significantly different between
the evaluated groups.

doi: 10.1371/journal.pone.0074651.g004

Significantly higher values of CD31+ and CD105+
microvessels were observed with respect to the extension of
the inflammatory infiltrate, followed by the clinical forms of the
spectrum and then the Bl (Tables 1, 2 and 3). These results
indicate a positive correlation between the extension of
inflammatory infiltrate and the number of microvessels (Figure
3) and suggest that granulomas induce angiogenesis to
provide the necessary support for their maintenance and
expansion. The mechanisms regulating this process are not yet
fully elucidated. It is noteworthy that despite the larger number
of vessels in lesions on the tuberculoid side (TT/BT) than in BB
and BL lesions, angiogenesis in these latter forms is likely
greater because these lesions are more numerous and the
patients present systemic involvement, which is in contrast to
the few skin lesions found in patients on the tuberculoid side of
the spectrum.

Because angiogenesis was observed across the leprosy
spectrum and in reactional states, patients, especially those
showing larger number of vessels, such as those of the
subtypes LL, RR and ENL, could benefit from treatment with
anti-angiogenic drugs. There are some literature reports that
support this hypothesis. El-Khalawany et al. described that the
addition of minocycline, a drug with anti-angiogenic action, to
the conventional treatment of leprosy decreased Bl and the
onset of reaction episodes when compared with conventional
treatment alone [20,21]. Additionally, thalidomide and similar
drugs used in ENL treatment have antiangiogenesis as their
major anti-inflammatory mechanisms [22,23].

When comparing the number of vessels in reactional cases
and the forms within the leprosy spectrum [RR x (TT + BT + BB
+ BL) and ENL x (BL + LL)], higher numbers of vessels were
observed in reactional compared with non-reactional forms
(Table 1, Figure 3). As reactions are generally abrupt

PLOS ONE | www.plosone.org

Angiogenesis and Lymphangiogenesis in Leprosy

processes, it is likely that some of these vessels detected by
both CD31 and CD105 also develop abruptly as a result of the
reactional episode. Angiogenesis occurs abruptly in reactive
lesions, for example, in pyogenic granuloma, indicating that
neovascularization plays an important role in the triggering and
maintenance of reactional episodes [24]. Therefore, blocking
vascular proliferation with anti-angiogenic drugs could be an
important factor for the treatment of reactions and for
preventing reactions or decreasing their intensity. When
comparing the reactional states (RR x ENL), we observed that
the number of new vessels was significantly higher in ENL than
in RR, indicating that anti-angiogenic therapy might have
greater benefits in patients with ENL (Figure 3).

The data also shows that the involution of skin lesions after
treatment also result in regression of angiogenesis and in
particular, the regression of neovascularization. When LL
lesions, which were treated more than ten years ago, were
compared to residual lesions, it was observed that the
inflammatory infiltrate was minimal, with a score of zero. The
number of vessels (CD31+) and neovessels (CD105+) were
also similar to that of the control group (Tables 1 and 3, Figure
2e and 2f). Neovessels are induced and actively maintained
when the process is active, such as in LL. After treatment,
granulomas become regressive and the remission of the
neovascularization process is observed. In residual lesions, the
skin architecture is preserved, showing rare residual
granulomas and capillaries with morphology and number
(CD31+ and CD105+) similar to the control group (Table 1,
Figures 2e and 2f).

Monoclonal antibodies against different epitopes of the
CD105/endoglin are being currently being developed, and
clinical trials with these antibodies are being proposed or are in
their initial test phases [25,26]. The results of the present study
show that CD105+ neovessels are present across the leprosy
spectrum and in the reactional forms. There is a direct
relationship between the amount of CD105+ vessels and the
extension of inflammatory infilirate, as well as in reactional
forms and its corresponding forms on the spectrum. These
drugs could be a potential improvement in therapy, as the most
commonly used drugs for the treatment of reactions, such as
thalidomide and corticosteroids, are potentially teratogenic or
can cause major physiological disorders, resulting in diseases
such as diabetes, hypertension, cataracts, obesity and bone
demineralization, among others [23].

The differences in the levels of CD105 in the serum, as
detected by ELISA, were not statistically significant between
the forms across the spectrum, the reactional states, the
residual leprosy cases and the controls (Figure 4). This
suggests that in leprosy, the expression of CD105 in the
endothelial cells of neovessels, which was detected in situ by
IHC, is a more localized phenomenon that occurs at the lesion
site. Some studies with neoplasias also show contradictory
results in respect to anti-CD105 levels in the serum by ELISA
with prognostic and predictive value [13]. Unfortunately, the
present results do not indicate that the detection of CD105 in
human serum by ELISA can be used as a parameter for the
diagnosis of reaction or even to monitor the efficacy of leprosy
treatment. However, further studies are needed to establish the
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prognostic role of CD105 in the serum of leprosy patients
because to date, a reliable serological marker to predict
reactional episodes, assessment of disease activity or
response to treatment is still lacking.

The lymphatic vascular system (LVS) has emerged as an
important player in pathological processes, such as
inflammatory diseases and tumor metastasis. However, only a
few studies have focused on the role of the LVS in infectious
processes, and no such studies have been conducted for
leprosy.

In the present study, the results show that there is
lymphangiogenesis in leprosy, but it is more significantly
present in the tuberculoid side of the spectrum, especially in
the polar TT form (Table 1, Figures 2g, 2h and 3). The
lymphatic vessels are mainly observed in the superficial dermis
and around the tuberculoid granulomas but rarely within the
granulomas. Lymphangiogenesis on the tuberculoid side of
leprosy spectrum may be associated with the histological
profile of granulomas, which are composed of activated
epithelioid macrophages, surrounded by a dense lymphocytic
"B" and "T" infiltrate and low bacillary index (0 and 1+).
Therefore, the lymphangiogenesis observed in the tuberculoid
side of leprosy spectrum could contribute to increase the
trafficking of cells and antigens, amplifying the immune
response and the bacillary clearance, in a tentative to restrain
the disease process. Given the scarcity of data the involvement
of lymphatic vessels in inflammatory and infectious processes
requires further study.

References

1. Ridley DS, Jopling WH (1966) Classification of leprosy according to
immunity - a five group system. Int J Lepr Other Mycobact Dis 34:
255-273. PubMed: 5950347.

2. Scollard DM, Adams LB, Gillis TP, Krahenbuhl JL, Truman RW et al.
(2006) The continuing challenges of leprosy. Clin Microbiol Rev 19:
338-381. doi:10.1128/CMR.19.2.338-381.2006. PubMed: 16614253.

3. Carmeliet P (2005) Angiogenesis in life, disease and medicine. Nature
438: 932-936. PubMed: 16355210.

4. Costa C, Incio J, Soares R (2007) Angiogenesis and chronic
inflammation: cause or consequence? Angiogenesis 10: 149-166. doi:
10.1007/s10456-007-9074-0. PubMed: 17457680.

5. Goel S, Duda DG, Xu L, Munn LL, Boucher Y et al. (2011)
Normalization of the vasculature for treatment of cancer and other
diseases. Physiol Rev 91: 1071-1121. doi:10.1152/physrev.
00038.2010. PubMed: 21742796.

6. Antunes SL, Motta E, de Almeida SM, Gallo ME, Nery JA et al. (2000)
Distinct patterns of microvasculature in the cutaneous lesions of
leprosy. Int J Lepr Other Mycobact Dis 68: 143-151. PubMed:
11036494.

7. Bhandarkar SS, Cohen C, Kuruvila M, Rea TH, MacKelfresh JB et al.
(2007) Angiogenesis in cutaneous lesions of leprosy - implications for
treatment. Arch Dermatol 143: 1527-1529. doi:10.1001/archderm.
143.12.1527. PubMed: 18087002.

8. Baluk P, McDonald DM (2008) Markers for microscopic imaging of
lymphangiogenesis and angiogenesis. Ann N Y Acad Sci 1131: 1-12.
doi:10.1196/annals.1413.001. PubMed: 18519955.

9. Woodfin A, Voisin MB, Nourshargh S (2007) PECAM-1: a multi-
functional molecule in inflammation and vascular biology. Arterioscler
Thromb Vasc Biol 27: 2514-2523. doi:10.1161/ATVBAHA.107.151456.
PubMed: 17872453.

10. Kalof AN, Cooper K (2009) D2-40 immunohistochemistry--so far! Adv
Anat Pathol 16: 62-64. doi:10.1097/PAP.0b013e3181915e94. PubMed:
19098468.

11. Dallas NA, Samuel S, Xia L, Fan F, Gray MJ et al. (2008) Endoglin
(CD105): a marker of tumor vasculature and potential target for
therapy. Clin Cancer Res 14: 1931-1937. doi:
10.1158/1078-0432.CCR-07-4478. PubMed: 18381930.

PLOS ONE | www.plosone.org

Angiogenesis and Lymphangiogenesis in Leprosy

In conclusion, there is angiogenesis across the leprosy
spectrum as well as in the reactional states. In situy,
angiogenesis is more closely related with the extension of the
inflammatory infiltrate than with forms of the spectrum or BI.
There are no significant differences in the values of serum
CD105 detected by ELISA. Lymphangiogenesis is present in
the tuberculoid side of leprosy. The post-treatment regression
of lesions is followed by the regression of neovascularization.
Neovascularization is present across the spectrum of leprosy,
especially on the lepromatous side and reactional states,
indicating that anti-angiogenic drugs, including biological anti-
CD105 may be useful in the treatment of primary leprosy
cases, the prevention of reactional states and the treatment of
established reactional episodes.

Acknowledgements

We are grateful to Everson Moretti, Daniel D. Amorim, Nelci A.
Vieira, Osmar de A. Francisco and Ana Lucia de Oliveira for
technical assistance.

Author Contributions

Conceived and designed the experiments: CTS. Performed the
experiments: CTS AFFB LRVF APFT. Analyzed the data: CTS
APFT AFFB LRVF PSR. Contributed reagents/materials/
analysis tools: CCG SU JAB. Wrote the manuscript: CTS PSR
APFT.

12. Duff SE, Li C, Garland JM, Kumar S (2003) CD105 is important for
angiogenesis: evidence and potential applications. FASEB J 17:
984-992. doi:10.1096/fj.02-0634rev. PubMed: 12773481.

13. Fujita K, Ewing CM, Chan DY, Mangold LA, Partin AW et al. (2009)
Endoglin (CD105) as a urinary and serum marker of prostate cancer.
Int J Cancer 124: 664-669. doi:10.1002/ijc.24007. PubMed: 19004009.

14. Furuya M, Nishiyama M, Kasuya Y, Kimura S, Ishikura H (2005)
Pathophysiology of tumor neovascularization. Vasc Health Risk Manag
1: 277-290. doi:10.2147/vhrm.2005.1.4.277. PubMed: 17315600.

15. Rapisarda A, Melillo G (2012) Role of the VEGF/VEGFR axis in cancer
biology and therapy. Adv Cancer Res 114: 237-267. PubMed:
22588059.

16. Aggarwal BB, Gupta SC, Kim JH (2012) Historical perspectives on
tumor necrosis factor and its superfamily: 25 years later, a golden
journey. Blood 119: 651-665. doi:10.1182/blood-2011-04-325225.
PubMed: 22053109.

17. Huggenberger R, Detmar M (2011) The cutaneous vascular system in
chronic skin inflammation. J Investig Dermatol Symp Proc 15: 24-32.
doi:10.1038/jidsymp.2011.5. PubMed: 22076324.

18. Danese S, Dejana E, Fiocchi C (2007) Immune regulation by
microvascular endothelial cells: directing innate and adaptive immunity,
coagulation, and inflammation. J Immunol 178: 6017-6022. PubMed:
17475823.

19. Fox SB, Harris AL (2004) Histological quantitation of tumour
angiogenesis. APMIS 112: 413-430. doi:10.1111/j.
1600-0463.2004.apm11207-0803.x. PubMed: 15563306.

20. El-Khalawany M, Shaaban D, Sultan M, Alsalam Abd F (2012)
Inhibition of angiogenesis as a new therapeutic target in the treatment
of lepromatous leprosy. Clin Cosmet Investig Dermatol 5: 1-6. PubMed:
22291474.

21. Tamargo RJ, Bok RA, Brem H (1991) Angiogenesis inhibition by
minocycline. Cancer Res 51: 672-675. PubMed: 1702361.

22. Bodera P, Stankiewicz W (2011) Immunomodulatory properties of
thalidomide analogs: pomalidomide and lenalidomide, experimental
and therapeutic applications. Recent Pat Endocr Metab Immune Drugs
Discov 5: 192-196. doi:10.2174/187221411797265890. PubMed:
21913886.

September 2013 | Volume 8 | Issue 9 | 74651


http://www.ncbi.nlm.nih.gov/pubmed/5950347
http://dx.doi.org/10.1128/CMR.19.2.338-381.2006
http://www.ncbi.nlm.nih.gov/pubmed/16614253
http://www.ncbi.nlm.nih.gov/pubmed/16355210
http://dx.doi.org/10.1007/s10456-007-9074-0
http://www.ncbi.nlm.nih.gov/pubmed/17457680
http://dx.doi.org/10.1152/physrev.00038.2010
http://dx.doi.org/10.1152/physrev.00038.2010
http://www.ncbi.nlm.nih.gov/pubmed/21742796
http://www.ncbi.nlm.nih.gov/pubmed/11036494
http://dx.doi.org/10.1001/archderm.143.12.1527
http://dx.doi.org/10.1001/archderm.143.12.1527
http://www.ncbi.nlm.nih.gov/pubmed/18087002
http://dx.doi.org/10.1196/annals.1413.001
http://www.ncbi.nlm.nih.gov/pubmed/18519955
http://dx.doi.org/10.1161/ATVBAHA.107.151456
http://www.ncbi.nlm.nih.gov/pubmed/17872453
http://dx.doi.org/10.1097/PAP.0b013e3181915e94
http://www.ncbi.nlm.nih.gov/pubmed/19098468
http://dx.doi.org/10.1158/1078-0432.CCR-07-4478
http://www.ncbi.nlm.nih.gov/pubmed/18381930
http://dx.doi.org/10.1096/fj.02-0634rev
http://www.ncbi.nlm.nih.gov/pubmed/12773481
http://dx.doi.org/10.1002/ijc.24007
http://www.ncbi.nlm.nih.gov/pubmed/19004009
http://dx.doi.org/10.2147/vhrm.2005.1.4.277
http://www.ncbi.nlm.nih.gov/pubmed/17315600
http://www.ncbi.nlm.nih.gov/pubmed/22588059
http://dx.doi.org/10.1182/blood-2011-04-325225
http://www.ncbi.nlm.nih.gov/pubmed/22053109
http://dx.doi.org/10.1038/jidsymp.2011.5
http://www.ncbi.nlm.nih.gov/pubmed/22076324
http://www.ncbi.nlm.nih.gov/pubmed/17475823
http://dx.doi.org/10.1111/j.1600-0463.2004.apm11207-0803.x
http://dx.doi.org/10.1111/j.1600-0463.2004.apm11207-0803.x
http://www.ncbi.nlm.nih.gov/pubmed/15563306
http://www.ncbi.nlm.nih.gov/pubmed/22291474
http://www.ncbi.nlm.nih.gov/pubmed/1702361
http://dx.doi.org/10.2174/187221411797265890
http://www.ncbi.nlm.nih.gov/pubmed/21913886

Angiogenesis and Lymphangiogenesis in Leprosy

23. Walker SL, Waters MF, Lockwood DN (2007) The role of thalidomide in Periodontal Res 35: 165-171. doi:10.1034/j.
the management of erythema nodosum leprosum. Lepr Rev 78: 1600-0765.2000.035003165.x. PubMed: 10929871.
197-215. PubMed: 18035771. 25. Rosen LS, Hurwitz HI, Wong MK, Goldman J, Mendelson DS et al.
24. Yuan K, Jin YT, Lin MT (2000) Expression of Tie-2, angiopoietin-1, (2012) A Phase | First-in-Human Study of TRC105 (Anti-Endoglin
angiopoietin-2, ephrinB2 and EphB4 in pyogenic granuloma of human Antibody) in Patients with Advanced Cancer. Clin Cancer Res 18:
gingiva implicates their roles in inflammatory angiogenesis. J 4820-4829

26. Seon BK, Haba A, Matsuno F, Takahashi N, Tsujie M et al. (2011)
Endoglin-targeted cancer therapy. Curr Drug Deliv 8: 135-143. doi:
10.2174/156720111793663570. PubMed: 21034418.

PLOS ONE | www.plosone.org 10 September 2013 | Volume 8 | Issue 9 | 74651


http://www.ncbi.nlm.nih.gov/pubmed/18035771
http://dx.doi.org/10.1034/j.1600-0765.2000.035003165.x
http://dx.doi.org/10.1034/j.1600-0765.2000.035003165.x
http://www.ncbi.nlm.nih.gov/pubmed/10929871
http://dx.doi.org/10.2174/156720111793663570
http://www.ncbi.nlm.nih.gov/pubmed/21034418

	Angiogenesis and Lymphangiogenesis in the Spectrum of Leprosy and Its Reactional Forms
	Introduction
	Materials and Methods
	Ethical Statement
	Selection of Cases
	Histological Analysis
	Immunochemical Technique (IHC)
	ELISA for Serological Detection of CD105
	Statistical Analysis

	Results
	Discussion
	Acknowledgements
	Author Contributions
	References


