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Leprosy is an infectious disease which
presents a chronie inllammatory infiltrate
tifecting predonlinantly the skin, the mu-
cosa of the upper respiratory tract (nasal
cavity, larynx) and the peripheral nerves ( 7 ).
The leprosy infiltrate can present either as
an epithelioid granuloma in tuberculoid le-
sions or as an accumulation of Mvcohctc-
terium Ieprae-Ioadcd macrophagcs in lepro-
matous intiltrates ( 7 ). The inilammatory
response is intimately concerned with mi-
crovasculature. An increase in vascular per-
meability mediated by vasomotor reflexes
contributos to the initial inflammatory exu-
dation and leukocyte migration out of the
microvessels (o). In a second step, angio-
genesis mediated by migration and prolifer-
atiou of endothelial edis into a remodele('
matrix providos the nutritional support for
the evolving process ( 10). Epithelioid granu-
lomas are classically considere(' avascular
structures, and the mechanisms of vessel
growth inhibition in this special type of in-
flammatory infiltrate remains unknown ( 1 ').

Reports found in the literature on vascu-
lar alterations in leprosy focus on the load-
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ing of endothelial cells by M. /ehrue, on the
mural vascular lesions by the granuloma-
tous infiltrate C. `. 12 ) and on some ultra-
structural changes of the cutaneous mi-
crovessels which are not specifie to leprosy
( '.5). Ali of these morphological findings
were correlated with the anatomic and clin-
ica) presentation of the disease. I3oddingius
(') also detecte(' alteration of the blood-
nerve barrier permeability in experimental
mouse leprosy neuropathy.

Multiple functions are attributed to the
vascular endothelial cells. They form a mul-
tifunctional interface between circulating
blood and various tissues and organs of the
body. They constitute a selectiva barrier for
macromolecules, as well as a surface that
actively maintains the fluidity of blood
through the antithrombotic and fibrinolytic
mechanisms ('. "). It is also a metabolically
active tissue, serving as the source of multi-
ple factors (peptides, proteins, lipids) that
are criticai for normal homeostasis. These
include growth stimulators or inhibitors,
e.g., platelet-derived growth factor (PDGF),
transforming, growth factor-13 (TGF-(3), fi-
broblast growth factor (FGF) and heparin-
like glycosaminoglycans, vasoconstrictors
(endothelin) and vasodilators (nitric oxide)
( 14). The migration of leukocytes is also reg-
ulated by vascular endothelial cells which
can express adhesion molecules, facilitating
leukocyte adhesion to the vessel wall and
subseduent migration to the extravascular
compartment ( 1 ).

Since leprosy expresses a bipolar spec-
trum of clinicai and pathological features in
which the cellular and matrical compo-
nente are distinct ('), the present study ad-
dressed the cutaneous microvessels in lep-
rosy lesions, aiming to describe the distinct
patterns of the microvasculature and their
topographical relationships with the inflanl-
matory infiltrate.
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Distinct patterns of microvasculature
were observed in the tuberculoid and in the
Iepromatous infilirates. These distinct vas-
cular architectures have, in a speculative
way, biological implications for the growth
of the lesions as wcll as for the survival and
disseminado!' of M. lepruc.

MA'I'ERIALS AND METHODS
Thirty-nine biopsies (one from each pa-

tient) were collected in the Souza Araújo
Ambulatory, Laboratory of Leprosy, Os-
waldo Cruz Foundation, Rio de Janeiro,
Brazil. The patients were grouped accord-
ing to the Ridley-Jopling classification ('')
with the following distribution: 1 tubercu-
loicl (TT), 14 borderline tubcrculoid (BT),
18 borderline lepromatous (13L), 6 leproma-
tous (LL), and 1 indeterminate (I) Ieprosy.
The biopsies were cleaved in half. One half
was embedded in paraffin and the sections
were stained with hematoxylin and eosin
(H&E) and Wade staining. The other half
was snap-frozen in liquid nitrogen, cut in a
cryostat (C. T. Harris, North I3illerica, Mas-
sachusetts, U.S.A.) and dried overnight at
37°C. The sections were fixed in acetone at
4°C for 20 min and air-dried for 5 min (").

The sections underwent peroxidase-anti-
peroxidase immunohistochemical staining
( 2") with monoclonal anti-hunian Factor
VIII-related antigen (FVIII-ra) (Dako,
Copenhagen, Denmark) (1:100 diluted in
Tris-buffered-saline) ( 3;). Fluoresceinated
Ulex Europaeus (UEA-I-FITC) (L-9006;
Sigma Chemical Co., St. Louis, Missouri,
U.S.A.) (1:50 diluted in 1% albumin) was
utilized for direct fluorescence staining (' 9).
Brightfield and fluorescence microscopies
were performed in a fluorescence micro-
scope (Zeiss, Oberkocken, Gernmany).

Ulex Europaeus (UE) is a lectin which
binds on fucosil residues of oligosaccha-
rides present on the membrane glycopro-
teins of endothelial cclls, and is also used
as a universal endothelial marker ('`').
FVIII-ra is expressed in normal endothelial
cells, particularly within capillaries and
ventiles ( 19 ).

RESULTS
Anti-FVIII-ra immunoreactivity and

UEA-I-FITC binding on endothelial cclls
allowed the visualizado!' of changes in the
dermal microvascular architecture due to

Fio. 1. A = Micronodular inflamniatory infiltrate
(arrows) surrounding the dermal microvessels in inde-
terminate leprosy (Gomori's rcticulin: Scale bar: 100
pm). li = Schematic representation of the niicronodu-
lar paticrn.
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FIG. 2. A = Cords of inflammatory infiltrate (ar-
rows) adjacent to vessels, showing coalescence in the
upper dormis and drawing the candelabro disposition
of dermal vessels in a 13T patient (Gomori's reticulin;
Scale bar: 500 pia). l3 = Schcniatie representation of
the cordonal pattern.

the leprosy inflammatory infiltrate, reveal-
ing three distinct patterns: micronodular,
cordonal and macronodular (Figs. 1 A and
I3; 2A anel 13; 3A and B). These patterns
were topographically relate(' to the dermal
vasculature showing focal distribution in
the incipient or indeterminate stage (mi-
cronodular) and cordonal or coniluent as-
pects (macronodular) in the more-devel-
oped lesions. The initial focal infiltrate was
either located in the upper or reticular der-
mis or in the deeper dermal regions (Fig.
1 A and 13).

In BT and BL lesions, the inflammatory
intiltrates formed sheaths encircling the
vessels (cordonal pattern; Fig. 2A and B)
and tended to coalesce, evolving to a
macronodular infiltrate in the lepromatous
lesions (Fig. 3A and B). Indeterminate pat-
terns of confluem lesions were also found.
In the epithelioid granulomas of BT lesions,
the microvessels were predominantly dis-
tributed in the peripheral region of the cel-
lular infiltrate (Fig. 4A and B) dose to repta
of uninvolved dormis.

On the other hand, polar lepromatous le-
sions (LL) presenteei a mesh of microves-
sels among the M. Ieprae - glutted macro-
phages (Fig. 5A and B). Most of the vessels
in tuherculoid and lepromatous lesions did
not display elastic fibers in the walls (Fig.
6A and B). Deeper dermal vessels exhibited
an enhanced FVIII-immunoreactivity (Fig.
7) and Ulex Europaeus-affinity when in-
volved by the inflammatory process. UE
also bound to the follicular and epidermal
kerati nocytes.

DISCUSSION
This work is a morphological study on

the microvasculature involvement in the eu-
taneous lesions of leprosy. The anatomical
interrelationship between the microvessels
and the inflammatory infiltrate of leprosy
was evidenced by the immunohistochemi-
cal staining of the endothelial cells. The
leprosy intilt ates were found to be topo-
graphically related to the microvessels
lince their early stages. This relationship in-
flucnces the outlines of the lesions. The mi-
cronodular and cordonal patterns topo-
graphically correspond to the candelabro
anatomical disposition of dermal vessels

However, in the macronodular lepro-
matous lesions there is distortion of normal
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FIG. 3. A = IVlacronodular lesion occupying thc
majority of the dertnal arca in an i.i paliem hiopsy.
Complete alteration of microvascular architccture was
found and vessels neoformation certainly occunrd
(Gonwri's reticulin: Scale bar: 100 pm). 13 = Schcmatic
representation of thc vessels in maeronodular lesions.
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dermal microvascular architecture. The tor-
tuous and desse presentation of . the mi-
crovessels among macrophages in the lep-
romatous lesions suggests the local occur-
rence of vascular neoformation. On the
other hand, the absence of any vessel
among the central epithelioid cells of the tu-
berculoid granulomas indicates an epithe-
1ioid ccll-mediated displacement or inhibi-
tion of vascular proliferation.

Accordintz to our results, epithelioid
cells occupying the central region of lep-
rosy granulomas are distam from the pe-
ripherally placai microvessels. Therefore,
the expansion of tuberculoid granulomas
could be hindered by the nutritional and
oxygen demands that may result from Chis
growth. This probably occurs in granulo-
mas of tuberculosis, resulting in necrosis
( 2"). However, ischemic necrosis is hardly
seen in the granulomas of leprosy.

The consequences of these distinct mi-
crovascular patterns are that lepromatous
lesions, with their higher blood supply may
grow to large confluem nodular structures
supportecl by newly assembled matrix (').

Macrophage accumulation in these lesions
is then allowed beyond the restricted limits
of the epithelioid granulomas. Thcrefore,
M. lepras is endowed with the expansion of
a macrophage population which can be uti-
lized for its intracellular growth. Hematolze-
nous dissemination of bacilli is also facili-
tated due to the increased number of blood
vessels near the M. /cprae-glutted macro-

FIG. 4. A = Epithelioid granuloma with FV111-ra-
positive vessels (arrows) occupying a peripheral posi-
tion in relation to the central epithelioid cells of a BT
lesion. Note that the central region has no positive ves-
sels (avidin-biotin peroxidase; Scale bar: 40 pis). B =
Epithelioid granuloma (EG) with UE-positive vessels
(arrows) in the periphcry of a BT lesion epithelioid
granuloma (UE Icetin staining; Scale bar: 100pm).

FIG. 5. Lepromutous lesion with tiumerous FVIII-
ra-positive vessels among niacrophages without pre-
dominam peripheral distribution in relation to the inlil-
trate (avidin-biotin peroxidase; Scale bar: 100 pio). II =
Lepromatous lesion vvith numerous UE-positive vessels
and no predominam peripheral distribution in relation to
the inliltrate (UE lcctin staining; Seale bar: 100 pio).
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Flc;. 7. Enhanced FVIII-ra-positivity ol' microves-
seis (arrows) in periphery of cpithelioid ■ranulontas in
a 13"t' lesma (avidin-hiotin perosidase; Scaie bar: $0
µm). "hhis pattern was present in "h"1', in 13"I' and in BL
infiltrates.

Fie. 6. A = Epitheiioicl granulomas vvith absence
of clastic libers in a B"I' lesioa. Internai lancina clastica
of a muscular artery (arrow) was used as a positive
control of the resorcin-fuchsin staining (Scale bar: 80
uni). II = Lepromatous lesion with absence of clastic
fibers (resorcin-fuchsin staining: scale bar: 80 pm).

phages. Tubcrculoid granulontas, in turra. ira
addition to exhibiting cells adverse to intra-
cellular ntycobacterial growth (epithelioid
cells) display a self-lintited expansion (they
never grow into nodular patterns) because
of limitcd blood supply.

The different patterns of microvasculature
in tuberculoid and lepromatous lesions nnight
be explained, ira a spcculative way, by the
distinct cytokine prolile expression ira each
type of lesion ( 2 ) and/or by the variation ira
the number of nr tst cells across the leprosy
spectrunt ( 1.24) li nce these cells are normally
involved ira angio2enic processes (").

Leprosy polar granulomas with thcir dis-
tinct nticrovascular patterns could be uti-
lized as a tool for the study of the inhibition
or enhancement of angiogenesis ira inflanm-
mation. Furthern un'e, 1nvestigation of the
pathogenesis of the leprosy inflammatory
process should take into account not only
its constituting leukocytic population, but
also the epithelial. matrical and vascular
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componente w h ich also parlicipate in its
pathogenic mechanisins. Therefore, a de-
tailed study of angiogenesis in cutaneous
leprosy lesions can contribule to lhe under-
stnnding of the biology of this host-parasite
relationship and may bring alternative
and/or additional strategies for leprosy
lreatnlenl.

SUMMARY
This work is an investiration on the mi-

crovasculature of the cutaneous infiltrares
of leprosy with the immunohislochemical
staining of endothelial cells in cutaneous
biopsies. Anti-Factor VIII-related antigen
antibody (anti-FV111-ra) and Ulex Eu-
ropaeus-1 lectin (UFA-I) binding were uti-
lized as endothelial cell markers. Thirly-
nine patients grouped according to the Rid-
ley-Jopling classilication (14 borderline
tuberculoid, 1$ borderline Iepromatous, 6
Iepromatous, anel 1 indeterminale leprosy)
were se]Uefcd for Chis study. Two microvas-
cular archileclural patterns could be clearly
distinguished: Iepromatous lesions pre-
senteei a dense anel tortuous mesh of mi-
crovessels amontr the Mvcobactc'rinn r lep-
rae-giutted macrophages; whereas the mi-
crovessels in the tuberculoid lesions were
restricted to the periphery of the granulo-
mas and were not seen amomg the central
epithelioid cells. We were able to distin-
guish three basic morphological kinds of in-
liitate distribution related to lhe microves-
sels: micronodules, corós and macronod-
ules. 1ntensifications of the FVi1i-ra
in ununoreaclivity and UEA-1 binding ca-
pacity were observed in the endothelial
cells of microvessels involved by the in-
tlammatory inliltrate. A distinct cytokinc
expression profìle at the leprosy potes and
the role of mast cells ira angiogenesis were
speculated as factors contributing to three
distinct patterns. Growth of the lesion and
systemic dissemination of M. Ieprae in the
bipolar spectrum of leprosy may hypotheti-
cally be influenced by the vascular-infiilate
relationship. The detection of angiogenesis
in the cutaneous lesions of leprosy may
bring about alternate and/or additional
sl ategies for leprosy treatment.

RESUMEN
En este trabajo se hace una investigación sobre la

nticrovasculatura de Ias lesiones cutaneas de la lepra,

utilizando tinciones histoeluínticas para células en-
doteliales. Se utilize un anticoer1r contra cl antígeno
relacionado con cl factor VIII (;uai-I Vlllra) y la
lectiva de Ulex Europaeus-1 (UEA-1). Dentre) ele los
39 pacientes incluidos en el estadia e.stuvierov 14 tu-
berculoides subpolares, IS leprontatosos subpolares. 6
leprontatosos, y 1 indeterminado (clasilicación de Rid-
ley y Jopling). Se obscrvaron dos patrones vasculares
perfectamente distinguibles: Ias lesiones leprontatosas
presenteiam una densa y tortuosa red de vasos mi-
croscópicos entre los macrólagos saturados de bacilos
vtientras que en Ias lesions tuherucloides la microf;ts-
culatura estuvo restringida a la periferia de los granu-
lontas y no se observe entre Ias células cpiteliaides
eentrales. Tantbidn pedimos distinguir tres tipos bási-
cos de distribucien de los infiltrados en Ias lesiones:
iuierouoi lulos, cordones y macronódulos. I.a reactivi-
dad nas intensa con anti I Vlllra y can ELZA-1. se ob-
serve en las células endoteliales de los vasos afectados
por el infiltrado inllantatorio. Se propone que los dis-
tintos patrones de infiltracien y angiogénesis obedeceu
a la diferente e.xpresión de citocinas y a la diferente
participacien de las células cebadas en cada forma po-
lar de la lepra. El creci n tiento de la lesien y la disemi-
nacien sistémica de Al. lryrrur en el espectro bipolar de
la lepra podrían, hiputéticamente, verse influenciados
por la relacien entre la micruvasculatuia y el infiltrado.

deteccien de am_ioeénesis en Ias lesiones cutáneas
de la lepra podría (levar a nuevas estrategias para cl
tratamiento de la enfermedad.

RÉSUMÉ
Ce travail examine, à partir de biopies eutanées, la

mierovasculature présente em seira d'infiltrats de lèpre
;m ntoyen (lu marquage in u nuno-histochintique eles
cellules endothéliales. I)es anticorps anti-antigènes liés
au facleur VIII (anti-I VIIIra) et al lecrine numéro 1
dérivée de ///ex P.ilropuaoe (EUA-I) furent utilisés
comine marqueurs cies cellules enduthéliales. 'frente-
nenipatients, groupés selou la classilication de Ridley
et Jopling (14 tnherculoïdes borcIuliWes, 1 S léproma-
teux borderlines, 6 lépromateux et une lepre indétcr-
ntinée), lurem sellectioniés pour cette étude. I)eux as-
pects architecturaux d':r:mgemuu de la microvascn-
lature, claireutent séparés. lurem identiliés: le‘: lésiovs
lépromateuses Wwntraient ura lacis devo et tortueux
parmis les macropliages gor_eés de ,llveobarierintn /r/r-
rur, eW revanche, la microvasculature eles lésions tu-
berculoïdes était lintitée à le péripliérie eles granulimtes
et absente de la tone central composée de cellules épi-
thélioïdes. Nous avons pu distingo, basé sul - les mi-
crovaisseau.x, toris formes morphologiques principales
de distribution cies infiltrais: des micronodules, des
cordons et cies ntacronodules. I: intntuno-réactivité de
FVIIIra et al capacité de UEA-1 a se lie - aux cellules
endotliéliales étaicnt plus intcnscs lorsque ces
dervières forvtaient la nticrovasculature des infiltrats
inflammatoires. I_es prolils três clistincts d'expressiun
de cytokines. présents aux pbles du spectre d'expres-
siou de la lèpre, ainsi que le róle eles mastocytes dans
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I'angiogenèse, turent évoyués comine facteurs possi-
hles contrihuant a la présenec de ces microvasculalures
(l'aspeet Ires différenl. La croissance (te la lésion et la
dissémination hén r ltogène de A/. lepra(- en rapport
avice le spectre bipolaire de la lepre pourraient ctre in-
tluencées par la retaliou vaisseaux-intillrat. La détec-
lion (I'angiogenèse dans les lésions cutanées de Ièprc
pourrait suggcrer cies stratégies alternes et/ou addition-
nelles polir le traitcnlent de la Ièprc.
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