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In American cutaneous leishmaniasis (AC L), Leislilila 11 iapara
sites en te r th e ep iderm is of th e host vi a th e bite of infected
sandf1ies . Immune responses against the parasite vary from
"effective" in localized (LC L) to a state of"selective anergy"
in diffuse (D C L) cutaneous leish m an iasis, whereas the inter
m ediate muco-eutaneous form (M C L) is ch ara cterized by an
exacerbated ce ll-mediated immunity. W e have shown that in
LCL epidermis, Langerha ns ce lls (Le) are increased, HLA
D R is u ni versall y expressed and intercellular adhesion mole
cule- l (IC AM - l) immunoreactivity is d istributed in patches.
In addition, mRNA for IL-lp , IL-8, TNFa, TNFp, and INFy
may be detected in epidermal sheets by reverse transcriptase
followed by polymerase chain rea ction (RT-PCR). In con
trast, DCL epidermis shows fewer LC th an LCL epiderm is,
and expression of ICAM-l , HLA-DR, and IL-lP mRNA

L
eishmaniasis is produ ced by flagellated protozoa of thc
genus Leishmallia,. whi ch are obl~gate i ~1traccllul.ar para
sites of phagocytic cells. The discasc IS rransmitted by
the bite of female sandf1 ies of the P¡zlebotomiuae subfa
mily. In the New World, the multiplc strains of Leish

man ia parasites can ~e distingui~hed biochemically. ar,rd immu.no
ch emi cally, sugges tll1g an active state of speclanon, which ,
combined with the genetic background of the host, contribute to
rh e wide mnge of clinical forms of the discase, American cutaneous
leishmaniasis (ACL) is a chronic granulomatous disease with a spec
trum of clinical manifestations . In localized cutaneous leishmaniasis
(LCL), the most common form , ~n ade9uate c~lI-mediated immune
re sponse is mounted, and t~le discase IS restnc.ted to :-ve.lI-defined
ski n lesions. In contrast, diffuse cutancous lcishmaniasis (DCL),
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Abbrcviations:
ACL: American cutancous lcishmaniasis
DCL: dilfusc cutancous lcishmaniasis
DETC: dcndritic cpidcrmal T cclls
ICAM-l : intcrccllular adhcsion molcculc-I
IL: intcrlcukin
LC: Langcrhans cclls
LCL: localizcd cutancous lcishmaniasis
MCL: muco-cutancous lcishmaniasis
RT-PCR: rcvcrsc transcriptasc followcd by polymcrasc chain rcaction
TCR: T-ccll rcccptor

cannot be detect ed. MCL lesions show a m ucos al epit he lium
lacking LC, but ICAM-l is univer sall y ex pressed. The cl in i
cal m anifest ations of ACL can be reproduced expe rimenta lly
in different stra ins of inbred mice. In healthy m ice, we have
show n a positive correlation between LC and dendritic epi
dermal T ce lls (D ET e) numbers. This co rrela tio n w as not,
however, observed in L. mex icana - infected mice , su gg esting
that infection alt ers the balance berween th e two ceIl ty pes. In
addition, agents that modulare LC and DETC ceIl densiti es
change the development of ex perime ntal lci shmaniasis.
T he sc results sugg est th at rh e epiderm is is esse n tial in deter
mining the type of immune response rhat is developed
against the Leislimania parasires, ] ln vest Dermatol 99:95S
98S, 1992

which occurs infrequenti y, is characterized by selective anergy in
cell-mediated imrnuniry, resultin g in extensive involvement of the
skin, naso-bucoph aryngeal mucous tissue, and some lymph nodes
[1-4] . Sorne ACL patients devclop muco-cutaneous leishmaniasis
(MCL) , which is characterized by cxacerbared cell-mediated immu
nity and destructive lesions of the oral and nasopharyngeal cavities
[2- 4). T hese variations in the immune response to parasites in
hum an hosts, and the existence of experimental models in di/ferent
inbred strains of mice, have made leishmaniasis an excellent proto
type for studying the immunoregulatory processes involved in in
fectious diseases,

Because the parasire is injected inro the epidermis by rhe sandf1y,
it is reasonable to propose that epidermal immunocompetent cells
play a role in climinating the protozoan . In th is respect, Langerhans
celis (Le) may play a criti ca] role in thi s local response as targets of
the parasite, because they can be infected in vitro [5).

EPIDERMAL LAN GERHAN S CELLS IN AC L

Previous work by our group has show n that the numbers of epider
mal LC are often increased in ACL lesions [6- 9], althoug h this
varies significantiy among its th ree clinical forms. Thus, epidermal
LC are increased in LC L (Fig 1), and num erous large CDla+ cells
are also foun d in the granulomas of these parients. In contrast, the
density of LC in DCL is variable, with values thar are higher than in
normal skin but lower than in LCL [6,7). Finally, LC (CDla+ cells)
are absent from the mucosal epithclium in MCL lesions [9]. This
latter findin g may reflect thc sclective migra tion of antigen-pri med
LC from the epithcli um to regional Iymph nodes, or may be the
result of a direct cytolytic e/fect of the parasite. In this re
spect, similar results have been observed in virally induced mucosal
lesions [10] .
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Figure 1. Langerhanscells in localized curaneous leishrnaniasis. Abundanr
CD1a+ cellspresenr in thcepidermisof thesc lesions. Avidin-biorin immun
operoxidase stainiug, Bar, 20 J!m,

EPIDERMAL LANGERHANS CELLS IN MURINE
CUTAN EOUS LEISHMANIASIS

Murine models of cutaneous leishmaniasis have been used widely
and, depending on th e Leishmaniastrain, inoculum size, and mou se
strain, it has been possible to reproduce th e c1inical form s observed
in humans. Thus, BALB/c mice develop lesions simi lar to DCL;
C57BL/6 mice are int ermediately resistant, reproducing LCL
like lesions; and DBA mice show int crmediatc form s of th e disease
[11 -13].

We have studied epidermal LC in L. mexicana -infected BALB/c
and C5 7BL/6 mice using the NLDC-145 antibody and immuno
staining techniques [7]. Healthy BALB/c mice ordinarily have
more epidermal LC (1300 LC/mm2

) than C57BL/ 6 mice
(700 LC/mm2) , the latter values bein g similar to those found in
normal human skin. The high density of LC in susceptible BALB/c
micc may contribute to th eir failure to eliminare thc parasite, possi
bly due to excessive numbers of target cells. L. mexicana - infected
BALB/c mice showed an increase in th c numbers of epidermal LC,
reaching maximal values on th c th ird (210 6 ± 31 cells/ mm2

) and
hfth (2196 ± 34 cells/ mm2) weeks after infection. These values
then decreased after th e ninth week and rcachcd normal values by
th e eleventh week. In interm ediate-resistant C57BL/6 mice, LC
increased from thc tim e of inoculation and for th e first 5 wec ks,
reaching a maxima l values (1284 ± 29 cells/ mm2

) by the third
week.

T he observed increase in epidermal LC in both human and experi
mental leishmaniasis sugges ts th e involvement of these cells, al
though wh ether they serve as antige n-p resenting celis or target cells
has yet to be determined.

H LA-DR, ICAM-l, AND CYT O KINE PROFILE IN THE
EPID ERMIS O F ACL

LC, epiderma l T cells (including ye5 T cells), and keratinocytes all
participare in patho logic skin conditions. Interferon-y (INFy) ,
major histocomp atibil ity complex c1ass II molecules (HLA-DR),
and adhesion molecules, such as LFA-l and its ligand, ICAM-l, are
key parricipan ts in th ese processes. N ot onl y are adhesion molecules
also cited with imm igrat ion of lymp hocytes into th e epidermis, it is
Iikcly that once T cells and antigen-presenting cells (APe) int eract,
IN Fy is produced. T his Iymphokine, in turn, indu ces the keratino
cytes to express HLA-DR and ICAM-l [14,15]. These two mole
cules, and cytokines such as interleukin (1L}-I, IL-3, IL-6, IL-8,
TNFa, T NF¡J, and granulocyte monocyte colony-stimulating fac
tor (GM-CSF ), presumably produced by LC and keratinocytes,
would th en prom ote th e immune response.

W c havc studicd thc cxpression ofICAM-l and HLA-DR in the

Figure 2. ICAM-l irnmunostaining in th c epidermisoflocalized cutaneo us
leishmaniasis, Positivocells are organized in parches rhrough out the epider
mis, Bar, 20 11m.

epidermi s of patients with ACL. In addition, we have determined
Iymphokine prohles in epidermal sheets for ACL patient s, using a
reverse transcriptase polymerase chain reaction (RT-PCR). In pa
tients with LCL , HLA-DR was univ ersally expressed throughout
the epidermis, wh crcas ICAM-l was distributed in parches (Fig 2),
as has also been described for other cutan eous disorders [16). In
disseminated DCL, HLA-DR expression was restricted to LC, and
ICAM-l immunorcactivity was absent. In the hypereactive MCL
epidermis, both HLA-DR and ICAM-l were universally expressed.
Using th e RT-PCR, we have identificd INFy mRNA transcripts in
epidermal sheets ofLCL and DCL. IL-lp mRNA was cxpresscd in
LCL epidermis but absent in most DCL samples. IN Fy has been
identihed as a potcnt macrophage-activating factor, involved in the
killing of th e Leislimania parasite, and as an important factor in
selecting a TH1 response [17]. Thus, on e would expect to hnd high
levels ofINFy in LCL patients and resistant micc, and low levcls of
INFy in patients with active visceral leishmaniasis or in DCL
susceptible mice [18,19). The presence of IN Fy in DCL lesions may
contribute to the lack of message for IL-lp in these patients, because
IN Fy is known to downregulate IL-l production [20). In LCL epi
dermis, we have also identihed mRNA transcripts for T NFa,
TNF¡J, and IL-8 , but not for IL-6. * Thcsc resu lts dcmoustrate that
LCL epidermis has the majori ty of th e corn pone nts associated with
an active inflammation .

T CELLS IN THE EPIDERMIS OF ACL

In LCL and MCL, we have observed a selective accumulation ofT
celis towards th e basallayer of th e epidermis. Ph enotypically, th ese
CD3+ T cells are cithc r CD4+ or CD8+. W e have show n th at most
inhltrating T cells express thc af3 T -cell receptor (TCR) with only a
few cells expressing thc ye5 TCR (Fig 3). In DCL lesion s, one ob
serves more ye5 T cells in th c granulomas th an in LCL lesions;
however, few of the sc cells were observed in th c epider mis.

Dcndritic epidermal T cells (DETe) are murine ye5 T lympho
cytes th at reside norrn ally in epidermis [21], and thc LC/DETC
ratio has corre latcd wit h thc intensity of contact hypersensitivity
reaction inmice [22). W e have evaluated LC/DETC ratio s in mur
ine model s of leislunaniasis, as a criter ion for determ ining th e epi
derm al participation in the immune respon se.'] In healthy BALB/c

• C áccrcs-Dittmar G, Sánchez MA, Tapia FJ: Cytokine profiles in the
epidermisofAmericancutancous leishmaniasisusing polymerasechain reac
tion (unpublished).

t S ánchcz MA, C áceres-Dirtmar G, Oriol 0 , Mosca W, Kraal G, Tapia
FJ : Epidermal Langerhans cells and dcndritic epidermal T Cells in murine
cutancous leishmaniasis [unpublishcd).
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Fig u r e 3. Infiltrating. T lymphocytes in localized cutancous leishmani asis.
A sclective acc~mula.n?n o.f a,P: cells are obs~rved tow ard th e .basal Jayer
of rhc epidermis. Avidin-biotin immunopcroxidase and fJFl antibody. Bar,

20 p m.

n d C57BL/6 micc, th e den sity of LC and DETC are pos itively
~orrclated , and our results show th at both cell types increasc after
L eisJ¡ mania infec.tioll (Fig 4). H owever, ma.xim al numbers of LC

ppear in th e third week, whercas the maximal valucs for DETC
appear in the fifth week. T his difference in triggering suggests that
~C rnay present parasi ~e an tigens ro DETC (and other .~ cells),
inducing them to proli ferare severa] days latcr. In addltion, al
rhough absolute I~umber~ of.LC ~ere always high er rhan DET~,
rhc increase associate d with infecti on was for the latt er, emphasiz
irig thei r ro le in experime ntal lcishmaniasis. T hese changes may
~esult from direct invo lvemcnt of LC and DETC, or as a conse
quence of the un derl yin g granuloma. G iannini [23], usin g
B 10 .129(1OM) mice and L. majar parasitcs, showed tha t low doses
of U VB app lied locally to th e inoculati on site supp ressed the devcl
opment of skin lesion s. ~o:vever , she observed ~hat alrhough U YB
a ff'ected epiderma l cells it did not alte r th e paras lte load , co nc\ udmg
rhat local epiderma l pcrtubat ion du ring initial phascs ofie ishma nial
in fecrion influences both th e immunologic response to th e parasitc
a n d th e subseque nt devc! opmen t of clin ical disease.

W ork in our laboratory has also show n important cha ngos in th c
devc!o pment of skin lesions in L. mcxicana -infected C57BL/6
mice aftcr rrcatmcnt w ith prednisolon e ace tate, tapc-srripping, and
mono be nzy l cthc r of hydroquinone (MB EH). :j: Aft er trc atment
w ith MBEH , w hich increascs LC but not DE TC, anima ls become
more resistant, and lesions hcal faste r. The ste roi d depletes both
epiderma l LC and DETC and, ~I though this exacerba tes th e diseas~,
s rero ids probably affect other nl1munocompetent cells as wel l. FI
nal1y, tape-stri pping, whic h depl etes the epidermis of both cc!1
rypes, leads to faster healin g, su ggesting tha t it may restare a lost
b alance between LC and DET C , w hic h is necessary for protective
immu nity. An alte rna tive inter pretation is tha t the depletio n of LC
by tape-stripp ing eli m inates target cells for the para site .

In sum mary, the epiderma l co mpone nt of the skin im mune sys
rem part icipates in th e inll l1unoregul ato ry mechanisms involved in
human and experimenta l ACL. T he cascad e of events tha t occ urs in
inflam matory reactions invo lving LC, relea se of imeracting cyto
ki nes, migration of T cells, and ot he r inflanlll1atory cel1s, and the
subsequent ex pressio n of adhes io n mo lec ules, is altered in th e dis
sem inated form of leishmaniasis, w he reas it is mor e app ro pria te in
rhe localized fonns. T he understand in g of th e ep iderma l involve-

:t: Oriol O, Sánchez MA, Cáceres-Dittmar G, Kraal G, Tapia FJ: Modula
tion of epidermal cell density alters the COltrSe of Lcisl", ra uia infection in
mice (unpllblished).

Figure 4. NLDC-145+ Langerhans ccl ls (A) , and Thy-1.2+ dendrit ic epi
dermal T cells (B) , in murine curaneous lcishmaniasis. Avidin-biotin im
munopcroxidase in EDTA-scparated epidermis (9 weeks post-infection).
Bar, 10 JHll .

men t in cutaneous leislunan iasis wil1 help in the development of
new therapcut ic and prophylacti c sche me s.
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