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AUSTRo\CT

In thc pn-seiu stndv. Langcrhans cclls
(LO and lk ndn tic Epidcrmal T Cclls (DETC)
" ere stud icd in 1.ei.Úlmunia susceptible RAI. Bh:
and rcsistan t (" ~7BL.I(, inbrcd micc L(" and
DET(' "ere characrcn zcd rmmunocvtochcmicallv
usmg the rr onoclonal anubodies N I .D('-1 4~
aOO Thy-I l rcspccnvetv. A · positivc Pcarson's
corrclation was obscrvcd in hcaltbv BAI.. Blc nnd
('.; 7131.1(, nuco, whcrc the dcnsrty o f both ccu
typcs alwavs dnficd in the sarne dirccnon lo
conrras t. 0 0 correlation "as obscrvcd in Ihe 1..
Me\:kana-infeelcd nucc. Tbcsc rcsults show that
thc balance bctwcen 1.(' and DEl C is ultcrcd bv
thc parasuc insuk Th c L("fDETC rano "as
alw a ys lnghcr in hcalth~ unce tha n in I~

mexicanu-infected rtucc. In addition. the
diffcrenccs betwec n hcalthv and mfcctcd animals
wcrc ~reatt:r in BALB /e than io r S7BLf6. Even
though. thc absolute numbcrs wcrc alwavs highcr
for LC than fo r DETC thc ccllula r mcrcment
aftcr the infcction was more pronuncn t 10 thc
DETC populauon The prcscnt studv sbowcd
djffcrcnccs in thc cpiderma l involvcmcm of
SUSI.'('p hble and res lsta nl mouse modd s of
leishmania , i,

1<~;V\\oOR(}S

("c llular 1llmlUnolog \ , dend" \lC epldc mml T celb.
epidcml ls_ I,angerh ans <"'e lls. kishm;¡ llI.1sis

INTROIH1CTION

The epidermis IS an acuvc componctu of
111(' skm nnmunc svsrcm Langc rhans ccns (1.(' )
kcratmocv tcs and dcndnuc epidemia l T cclls
(DI:: Ir) are tbc maín ccllular consmucnts " f th, ~

S\ srcm LC are umquc anngrn-prcscntmg edl,
charactcnzcd b~ a delavcd a ntrgcn prcscntation
tha t I1m~ pro mete carlv svstcr mc immunitc 111
l.I" parnctpatc in up-regulat orvmccharusrns of tbc
nusnuec response. with an rr nportant ro le In
infccuous discases 121 DETC, forrncrlv rcfc rrcd
as 111\'·1 + dcndntic cpidcrma l cclls 131. a re
murinc T lvm phcc yt cs associatcd to yó + T ccl!s
141 Tbc TL'R )'Ó+ cclls play a role 111 thc down­
rcgulation of co ntac t hypcrscnsrtevu y [1) ":l}~() 1SI
Thc L('/D ETC ratio in murtnc epidermis
influc nccs thc intcnsity o f co ntact hvpc rsensuivnv
¡SI

Hum an American cuumcous lcivhmaniasts
IAC L) is a chromc granuloruatous discasc with a
spcc trum of clirucal man ifcstatrons. produccd b~

intmccllular parasitcs of tbc l.eisbmanía gcnus
Locohzcd cutcncous lcishmamas¡s (LCL) has fcv\
pa rasitcs withm ~~c11 definoo l~ iol1s. ~~ IJich

genera 1l}' hea l aller trcalment. oc sponl.alll.'ousl ~ .

In COI1WISI. d lfTIl';c eulaooous lcishmaoias is
(DeL) is charaetc rizcd b~ Ihe prescnee of
progrl"ss i~'e nOllulcerated nudulcs. rieh 11 1

par as llcs Th<.-'SC Icsiol1soccur Ill frcqucnlly and are
resistant lo IrcatInenl 161. In micc, dcpendlllg 011
thc animal· sIra in, 1,l'ishmania sfrain aud lhe
numbcr of inoc ula lcd par as ites, II has tx:cn
pos siblc to rep roduce Ihe dislincl cl iniea l forms
obselv oo in humalls ThIlS, SIlSCI.'Ptlb le UALIJI~

mi..."C rcp rudll~e Il'Siuns SImila r to DCL, and
res lstanl CS7BIJ6 miee shov.· LCL ·lib.c lcsions
17JI! 1bc munne mudcl of Cllt.10c00S
leishmanias is is cx lremc!y impo nanl for lhc
anah-sis of Ih ~ ccllllla . response kading lO Ihe
H.'sollll iOll of I~ions indu ced by l .eiIhmuniu

G iannini 191 shoI\ cd lhal 10\\ d()sc~ of
UVR applicd l ocall ~ lo toc iuocll lal ion SIl.:
supprcs"<.-d the de' e loprncnl of skin k'S,Ol1S OVil
afTcctcd ep ,dennal ccHs bul <.l Id no! a lte r lhe
parasile load. suggc sliog Ihal Ihe local eflickmtal
pc rturhat loo during the inilia l pha~ uf IIlfccliOlI
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influencc the response to thc Leishmania parasitc
and the subsequent development of clinical
diseasc. Recently, Will ct al. rlO] showcd that
frcshlv isolated Le. but not cultured Le. are
highly active in prcscnting L. major antigen in
vitro to T lymphocytes from primed mice and to
parasitc-spccific T cell clone, thus emphasizing
thc importance of this cpidermal cell in
leishmaniasis.

In the prcsent study, we used an
immunocytochemical technique to charaeterizc
epidermal LC and DETC during Leishmania
infcction in both susceptible and resistant mice. In
addition, we have evaluated the LC/DETC ratio as
a criterion to determine the epidermal involvement
in the irnmune response to the parasite.

MATERIALS AND METHODS

Animals and infectien

BALB/e (n = 24) and CS7BLl6 (n = 24)
female mice aged 6-8 wceks old werc inoculated
subcutaneously in the Icft footpad with I()3
amastigotes of Leishmanla mexicana
(MHOMJBZ/82IBEL21). The amastigotes were
obtained according to Pérez et al. l8]. Briefly, the .
amastigotes were extracted from nodules of
hamsters infeetcd a month earlier with 106

amastigotes, which werc inoculated
subcutaneously into the footpad. The nodules
were aseptically dissected out and washed in
phosphate-buffered saline (PBS, pH 7.4) with
added antibiotics, and finely cut and ground in a
Petri dish containing cold PBS. Suspensions were
filtered through a sterile sieve to remove large
debris, the parasites counted in a hemocytometer
and adjusted to 4x I04 per mI.

One week after infection and every two
weeks until the eleventh week, groups of 4 miee
were ki1led by cervical dislocation and the
experimental footpad removed. Control groups
included healthy BALBlc (n == 24) and CS7BLl6
(n = 24) miee.

Analysis of the cutaneous lesions

The cutaneous lesion was evaluated by
measuring thc footpad thickness with a dial gauge
caliper every two weeks for II weeks Thc
prcsenee of parasites was confirmcd by
Hematoxylin-eosin and Giemsa staining of smears
from longitudinal sections of infected footpad
tissues.

Epidermis separation

Footpad skin was taken and cut into I
mm2 pieces; about 4 pieces werc obtained from
each footpad. The skin pieces were immersed in
buffercd EDTA for ISO min. at 37°e. After
washing in PBS, the epidermis was removed from
the dermis under a stcreomicroscopc using wooden
toothpicks Epidermal sheets werc placcd for S
min. in PBS at room tcmperature until
immunoperoxidase staining.

Monodonal antibodies

A rat monoclonal antibodv NLDC-145,
which recognized murine dendritic cells including
cpidermal LC [11], was uscd 1:10 (culture
supernatant); a monoclonal antibody against Thy­
1.2 (clone Sa8), purchased from Ccdarlane Labs,
U.S.A., was used 1:20 (culture supcmatant).
Dilutions and immunostaining were carried out
using a modified PBS pH 7.2 r12].

Immunoperoxidase staining

Immunoperoxidase staining was carried
out as previously described [13, 14J with sorne
modifications for the immunocytochcmical
charaeterization of epidcrmal shects. Briefly, after
fixation in fresh aeetone for S rnin, the epidcrmal
pieces were transferred to round-bottom
microplates, hydrated in PBS and sequential1y
incubated for 90 min with primary rat monoclonal
antibody, biotinylated sheep anti-rat IgG (Vector
Labs., CA, U.SA) at 1:60 (50 ug/ml) for 4S min,
and streptavidin-horseradish peroxidase conjugatc
(B.R.L., U.S.A.) at 1:300 for 30 mino Five minute
washes with PBS were done between incubations.
The reactions were developed for 10 min with 90
/-1M H20 2 and 3-amino-9-ethyl-carbazole (AEC)
(final concentration 0.88 mM), which was
dissolvcd in SO mM N,N-dimethylformamide in
O.IM acetate buffer, pH 5.2. The cpidermal
sheets were then washed and mountcd on glass
slides with glyeerin-gelatin. Controls consisted of
omissión of the primary antibody or the use of an
antibody of irrelevant specificity at the same
coneentration.

Cell quantification

Cells were countcd using a Iight
microscope. Only dendritic cel1s showing a red
immunostaining were counted as positive. All
fields wcre counted in each epidcrmal sheet ar a
magnification of 400x. This represents about 20
fields per sheet. To obtain a reprcsentative
sample, four animals were killed for cach
analytical point. The experimental footpad of cach
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Figure t Developrnent of eutaneous disease in
Lej.~hmanja-jnfeetcd mice. BALB/e (ó) and
C57BL/6 (.) miee were inoculated in the footpad
with 103 amastigotes of L. mexicana mexicana
Footpads were measured cvcry 2 weeks for 1I
weeks, and the lesion size was dctcrmir--d by

sustraeting the Icft footpad thickness of hcalthy
animals from the inoculated left footpad thickness.
'loe doted area rcprcsents the mean thiekness of
the footpads from healthy mice ± 2SEM. Each
point represents the mean of four mice,
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Figure 3 Ratio betwecn epidermal Langerhans
eells and Dendritie Epidermal T Cells In

Leishmania-tnicaeá and healthv rnice. The
experimental groups are healthv BALA/e (.).

healthy C57BLl6 (*), infectcd BALB/e (1\) and
infected C57BLl6 (.). Note that the valucs in
healthy animals are alwavs highcr than those for
infcetcd mice
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TABLE 2: Dendritic Epidermal T eell densities in healthy and L. mexicana-infeeted
miee.

Dendritic epidermaJ T cells (Thy-I+)*cJl

(A) (B) (C) (D)
Time HeaJthy Lm-infected % HeaJthy Lm-infected %

(wccks) BALB/c BALB/c incrernent C57BLl6 C57BLl6 incremenr

---- -- --- -----

118 ± 6 206 ± 10 74.58 137 ± 11 256 ± 14 86.86

3 109 ± 7 258 ± 14 136.70 232 ± 16 303 ± 13 30.60

5 121 ± 7 428 ± 16 25372 138 ± 9 369 ± 15 167.39

7 93 ± 7 328 ± 11 25269 176 ± 9 251 ± 18 42.61

9 74 ± 6 3)41 17 378.38 120 ± 8 329 ± 15 174.17

11 67 ± 4 280 ± 16 317.19 122 ± 9 315± 14 15820

* Values expressed as mean of cells/mm! ± SEM
o Diffcrences among groups = A-S p<0.05; C-O p<O.05

IR5

ccll rypcs during the I1 wceks of evaluation
showed a positive co rrclation in hcalthy BALB/c
miee (r = OYI) and healthy C57SU6 miee (r =
0.97). These results meant that for eaeh
experimental point LC and DETC densities
always changed in the same direction
L.mexicana-infected BALB/c and C57BLl6 mice
showcd no corrclation.

D1sCUSSrON

In the present study, we have corroboratcd
our previous finding that epidermal LC are
inereased after the infection of susceptible and
resistant miee with Lelshmania parasitcs (2,13J.
These results suggested a partieipation of LC in
the immune response to the parasite.

The present results showed a positive
Pcarson's correlation bctween Le and DETC

dcnsities in healthy mice during an l l-weck period
of evaluation. Thcsc results imply a vcry close
association of the two cell groups under normal
eonditions This balance was broken whcn the
animaJs wcre infeeted with Leishmania, where
both cell groups wcrc increased but a significant
corrclation was not observcd for caeh
experimental point analyzed. lt is worth notieing
that in l,. me,p.eana-infeetcd mice thc high values
for LC appeared on the 3rd weck, whercas the
high valucs for OETC appeared on the 5th week.

The increase in the dcnsity of DETC aftcr
the Leisñmanla infeetion mav be the result of
epidermal LC presenting the parasite antigen to
this cel1 group, The laek of a signifieant
correlation between the two eel1 types in the
infected animals rnay suggest that DÉTC are also
involved in other pathways of rhe inflarnmatory



proccss after the mfection. or that LC are also
priming other cell typcs. The former may be
supported by the findings of Shiohara et al. [15]
who observed an increase in the numbers of
DETC after the induction of graft-versus-host
disease in normal mico. Results that suggest an
important role for DETC in protecting the
epidermal integrity from a secondary insult, Our
results have shown that while the absolute
numbers were always higher for LC than for
DETC. the cellular increment after the infection
was more prominent in the OETC population.
This increase rnay be influcnccd by cpidermal cell­
derived cytokines as it has been shown by the
dailv in vivo administration of reeombinant IL-2.
whichstimulates thc prolifcration of both LC and
OETC [16,17L or could be the result of a selective
migration of thesc cells towards the epidermis.

The proliferation of both eell types after
Lelshmania infection is consistcnt with a dclaved­
type hypcrsensitivity immunopathogenesis, whcrc
thc epidermis plays an important role These
observations may be thc result of a direct
involvement of LC and OETC, or a conscquence
of thc immunc response against the parasite that
may be triggered in the granuloma.

Recent findings havc shown that LC can
be infccted by Leishmania in vitro and in vivo
118,19]. In addition, we have shü\,n a lack Of
epithelial CO la+ Langerhans cells in the lesions
of human muco-cutaneous leishmaniasis. which
may be thc result of a sclcctivc migration of
antigen-primed LC from the cpithelium to regional
lymph nodcs, or the result of direct cytolysis of
these cells by the parasites [201· Our earlier
fmdings and the ones presentcd here suggest that
LC rnay participate in the pathogcncsis of
lcishmaniasis by bcing target ceJls for the parasite

An irnportant finding was that healthy
BALB/c micc have a larger density of epidennal
LC than that obscrvcd in healthv C57BLl6 micc;
the latter is vcrv similar to that found in normal
human skin [2j. Since LC are possible target
cells, this apparent high density may favour the
development of the disease in these animals. In
addition, the high LCIDETC ratio observed in
healthv BALB/e mice is the result of the clevated
numbcrs of LC, since the densitv of OETC is verv
similar bctwccn the susceptible and resistant mico.

Thc present study shows how a parasite
stimulus alters thc balance of epidermal LC and
DETC, and thus suggests the importance of the
epidermal compromise in murine cutaneous
lcishmaniasis Future studies will further analvzc
the cpidcrmal participation in this discasc after

M. A. Sánchez el al

selective depletion and incremcnt of LC and
OETC.
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REStJMEN

En el presente estudio analizamos las
Células de Langerhans (CL) y los linfocitos T
dendrítícos epidérmicos (DETC) en ratones
susceptibles BALB/c y resistentes C57BLl6 a la
infección por Leishmanla. Las CL y los DETC
fueron caracterizados inmunocitoquimicamcntc
utilizando los anticuerpos monoclonales NLDC­
145 Y Thy-l.2 respectivamente Los resultados
mostraron una correlación de Pearson positiva
entre los dos grupos celulares en los ratones sanos
de ambas cepas. indicando una similitud en los
cambios de densidad de ambos tipos celulares. En
contraste, no se observó correlación en los ratones
infectados con L mexicana. Por otra parte, las
diferencias entre los animales sanos e infectados
file mayor en BALB/c que en C57BLl6. Sin
embargo, los números absolutos fueron siempre
mayores para CL que para DETC, con un mayor
porcentaje de incremento para los DETC después
de la infección. El presente estudio muestra
diferencias en el compromiso epidérmico entre los
modelos susceptibles \' resistentes de lcishmaniasis
múrida
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