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BALBI c mice depleted and non-depleted of Natural Killer (NK)
cells were infected subcutaneously with 107 stationary phase
promastigotes of Leishmania (Leishmania) amazonensis and samples
were taken at 24 hours and 7 days after infection. In NK cell-depleted
mice, the NK cytotoxic activityof spleen cells decreased at 7 days after
infection and more parasites were found in the lesion. The NK cell
populations were analyzed by immunohistochemistry in spleen
cryosections. An increase of NK1.1 + expression and a decrease of
NK5E6+ antigen expression was observed in NK cell-depleted mice
compared to non-depleted mice, When the presence ofIFN -g, IL-12
and IL-4 at the site of parasite inoculation was analyzed by
immunohistochemistry, a large amount of cytokines was detected in

K cell-depleted mice at 24 hours and 7 days afrer infection. In non-
depleted mice, there was a small amount ofIL-12 at 24 hours and of
IL-4 at 7 days after infection. These data cells suggest that K cell
depletion by 90Srresults in increased parasitism in the lesion. The
increase of NK1.1 + expression, which mainly produces IL-4, may
take part in the progression of the infection.

Introduction

Leishmaniasis is an infectiaus disease
af chranic evalutian caused by the
Leishmania pratazaan, whase transmissian
invalves vectar arthraprads fram the
phlebatamine family. The disease develaps
when the Leishmania parasites survive the
attack of the nan-specific innate immune
respanse invalving cellular and humaral
elements, after inaculatian. These parasites
migrate to target argans and proliferate,
evading the specific immune mechanisms'.

Bath innate and specific elements of
the immune system cantribute to the control
ar the pragressian af the disease. At the
beginning af the infectian, the innate

elements have an impartant role in the
autcame af the disease. The direct
impartance of Natural Killer (NK) cells in
the develapment of visceralleishmaniasis has
been shawn in mutant beige rnice which have
law NK cell activitf. Cancerning cutaneaus
leishmaniasis, mice with an intermittent
suppressian ar depletian afNK cells by anti-
asiala GM-l ar anti-NK1.1 manaclanal
antibadies became more susceptible to
Leishmania mqjor infectiorr'. Laurenti et a1.4

shawed increased numbers of parasites in
the cu taneaus lesian af BALB / c mice
submitted to NK cell depletian by 90Sr
treatment and infected with Leishmania
(Leishmania) amazonensis promastigates. It has
alsa been faund that nan-immune NK cells
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are important in Leishmania infection as a
source of 1FN-gwith the potential to trigger
the Th-l type of immune response in the
early phase of cutaneous leishmaniasis'',

In view of the importance of NK
cells at the beginning of Leishmania infection
in controlling the number of parasites in the
lesion and as a source ofIFN-g production,
the main objective of the present study was
to assess cytokine production at the site of
subcutaneous inoculation of Leishmania
(Leishmania) amazonensis in BALB / c mice
submitted to NK cell depletion by 90Sr
treatment in the early period of the infection
in order to examine some mechanisms
involved in the increase of parasitism in this
model.

Materiais and Methods

AnimaIs: Balb/ c mice from the
General Colony of the São Paulo University
Medical School were maintained in our
laboratory during the experiments.

Parasite: Promastigotes of Leishmania
(Leishmania) amazonensis, HSJD-l strain, were
used throughout the experiments.
Promastigotes in the stationary phase from
the 3rd culture passage in supplemented
RPM1 1640 medium (10% fetal calf serum,
5 mM HEPES, 50 mg/ ml gentamicin and
100 U / ml penicillin) were harvested and
washed 3 times in sterile saline (3000 rpm/
10 minutes). The parasite concentration was
adjusted to 2 x 108 promastigotes/ml and
50 ml was subcutaneously injected into the
hind footpads of mice.

NK cell depletion: One dose of 0.6
mCi/ g body weight of 90Strontium - 90Sr
(AMERSHAM - USA) was injected by the
intraperitoneal route in newly weaned mice
one month before the parasite infection in
order to deplete the mice of K cells",

In vitro spleen NK cell activity from
normal (NK +) and NK-depleted (NK-)
mice was tested in a 4 hour SlCr-release
microcytotoxicity assay at effector to target
ratios of 200:1, 100:1, 50:1 and 25:1 using
YAC-l cells. The specific lysis = [(release
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(cpm) with effector cells - release in medium
alone)/ (release in distilled water - release in
medium alone)] x 100.

Frozen spleen section from NK + and
NK- mice were submitted to
immunohistochemistry using anti-NK cells
(5E6) and anti-NK1.1 (PK136)
(PharMingen-USA) purified monoclonal
antibodies. To evaluate the reaction, semi-
quantitative analysis was performed
considering negative (-) results for no labeling
and positive results according to the
following scores: discrete (+) for 1 cell
labeled per 10 microscope fields using a 40X
objective, moderate (++) for 2-5 cells/field,
and intense (+++) for more than 5 cells/
field.

1nfection: Three groups of 40 mice,
20 NK- and 20 NK +, were inoculated with
107 Leishmania (Leishmania) amazonensis
promastigotes. One group of 10 mice, not
depleted and not infected, was used as
controI. Fragments from hind footpads were
taken at 24 hours and 7 days after inoculation
for histopathological study and cytokine
detection.

Histopathological study: The lesion
and the parasitism at the inoculation site were
evaluated by light microscopy on the 7m day
of infection in paraffin-embedded sections
stained with Hematoxylin & Eosin. The
images were obtained using digital
photografic system (Leica MPS60) conected
to optical microscope (Leica DMR).

In situ cytokine detection: Frozen
sections from the site of parasite inoculation
were submitted to immunohistochemical
reaction for cytokine detection by the method
ofSunnemark et aU. Anti-1FN-g (XMG1.2)
(ImmonoKontact-DE), anti-1L-12 (C15.6),
and anti-IL-4 (BVD4-1Dll) purified
monoclonal antibodies (pharMingen-USA)
were used as primary antibodies for the
immunolabeling reaction. To evaluate the
reaction, semi-quantitative analysis was
performed considering results to be negative
(-) in the absence of labeling and positive
according to the following scores: discrete
(+) for 1-10 cells labeled per microscope
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field using a 40X objective, modera te (++)
for 10-20 cells/field and intense (+++) for
more than 20 cells/field.

Statistical anaIysis: The One Way
Anova multiple range test was applied using
the SigmaStat Statistical Software version 1.0.
The difference was considered significant
when p<0.05.

Results

Cytotoxic activity of spleen cells

SampIes were taken to evaluate the
NK activity of spleen cells before parasite
inoculation in a 51Crrelease cytotoxic assay
of YAC-l target cells. Severe depIetion of
NK cytotoxic activity was observed by the
lytic activity against YAC-l when spleen cells
from 90Sr-treated animaIs were used at
effector:target cell ratios of 200: 1, 100:1 and
50:1 (p<0.05) (Figure 1).

Analysis of NK cell populations in spleen tissue
The semi-quantitative anaIysis of
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frozen spIeen sections from NK- and NK +
BALB / c mice performed by
immunohistochemistry using purified anti-
NK (5E6) and anti-NK1.l (PK136)
monoclonal antibodies showed discrete
expression of both antigens in NK + mice.
On the other hand, NK- mice showed an
increase in NK1.l + expression and absence
of NK5E6+ cell antigen expression (TabIe 1
and Figure 2).

Histopathological analysis and parasitism of the skin

lesion
Histopathological anaIysis of the skin

Iesiori of NK- and NK+ BALB/c mice
infected with Leishmania (Leishmania)
amazonensis did not show significant
differences between the two groups
concerning inflammation. At the beginning
of the infection, the inflammatory infiltrate
was characterized by predominance of
polymorphonuclear cells, which were
gradually repIaced by mononuclear cells. The
number of parasites in the skin lesion was
discrete in NK + mice at 7 days after infection,
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Figure 1 - In vitro NK cytotoxie activity ofspleen eells from NK- and NK + BALB/e miee. Data are representative ofthree separate experiments and
show the mean and the standard deviation for 5 animais in eaeh group (* p <0.05)
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NK1.l/PK136

Table 1 - Semi-quantitative analysis 01NK cells in spleen tissue frorn NK- and NK + BALBIc mice by immunohistochemistry, scored as lollows:-
negative, + discrete, + + moderate and + + + intense. Data are representative ofthree separate experiments. São Paulo, 1998

~

;~:e:onoclonal Antibody
Experimental
Animais

NK/SE6

BALB/c NK-

NK+ +

whereas NK- mice showed an increase of
parasitism compared to the control NK +
mice (Figure 3).

Cytokine detection at the inoculation site
The serni-quantitative irnmunohis-

tochemical analysis of IFN -g in frozen
sections from the site of subcutaneous
parasite inoculation in BALB / c mice revealed
the presence of moderate amounts of IFN-
g in NK- mice and its absence in NK + mice
at 24 hours and 7 days after infection. (Table
2 and Figure 4). IL-12 was found to be
moderately present in NK- mice at 24 hours
and 7 days after infection, although in NK +
mice it was discrete at 24 hours and absent
at 7 days of infection (Figure 5). The
presence of IL-4 was intense at 24 hours
and 7 days after infection in NK- mice, but
the cytokine was not detected at 24 hours
and was present only in slight amounts at 7
days after infection in NK + mice (Figure 6).

Discussion

Some pathogenetic aspects during the

Figure 2 -Immunohistochemistry showing NK cells in frozen section
01spleen 01 BALB/c mice NK- (A, B) and NK + (C, D).
Reaction with anti-NK1.1 (PK136) (A, C) and with anti-NK
(5E6) (B, D) monoclonal antibody (ABC - 350x)
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early period of Leishmania (Leishmania)
amazonensis infection were studied in BALB /
c mice submitted to NK cell depletion by
intraperitoneal treatment with 90Strontium
~OSr).

Treatment with 90Sr results in a severe
and permanent depletion of NK cell activity
without any apparent change in monocyte
function or complement activation", Here, a
severe depletion of NK cell activity was
confirmed by the lytic activity against YAC-
1 cells in 90Sr-treated animals,

The importance of NK cells in the
resistance to Leishmania infection has been
described by many authors. Kirkpatrick and
Farrel" demonstrated the importance ofNK
cells in the elimination of splenic amastigotes
in mice infected with Leishmania donovani.
Further studies using 137Cs-irradiatedmice for
NK cells depletion confirmed the role of
these cells in the control of visceral
leishmaniasisê, Later, Laskay, Rollinghoff and
Solbach? showed an active participation of
NK cells in the control of skin parasitism in
the early phase of cutaneous leishmaniasis
using mice depleted of NK cells by the use
of monoclonal antibodies. Laurenti et a1.4

observed increased numbers of Leishmania
in the skin lesion after 90Sr treatment. The

Figure 3 - Histological section frorn lhe skin lesion atthe Leishmania
subcutaneous inoculation site 01 NK+ (A) and NK- (B)

BALBlcmiceonthe?dayolinlectionshowingpredominance
01mononuclear cells in the inllammatory inliltrate and
tissue parasitism (arrow) (H&E - 675x)
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Table 2 - Semi-quantitative cytokine analysis in Irozen sections lrom the site olsubcutaneous Leishmania inoculation at 24 hours and 7 days 01
inlection by immunohistochemistry, scored aslollows: - negative, + discrete, + + moderare, + + + severe. Data are representative 01
three separate experiments. São Paulo, 1998

Time of infection 24 hours 7 days
------~ Cytokines---Experimenta~ IFN-y IL-12 IL-4 IFN-y IL-12 IL-4
Animais
BALB/c NK - ++ ++ +++ ++ ++ +++

NK+ - + - - - +

present study, which shows increased
parasitism in the skin le sio n of mice
submitted to NK. cell depIetion with 90Sr and
infected with Leishmania (Leishmania)
amazonensis, reinforces the importance of
NK. cells in the early period of cutaneous
Ieishmaniasis,

The mechanisms involved in the
control of lesion parasitism by NK. cells are
still partially unknown. However, the
importance ofNK. cells as a source ofIFN-
g at the beginning of infection is aIready
known-!",

SurprisingIy, the anaIysis of IFN-g
participation at the site of subcutaneous
parasite inoculation showed an increase of
IFN-g in NK.- animals at 24 hours and 7
days after infection compared to NK. +
animaIs. There are reports showing that IFN-
g production is Iargely dependent on IL-12,
whose production is induced at 24 hours
after infection10,11,12; by the other side, NyIen
et al.13 reported that live Leishmania

Figure 4 -Immunohistochemistry showing the presence01 IFN·g in
the subcutaneous inoculation site 01 parasites in BALB/c
mice skin. (A) NK- and (B) NK +,24 hours 01 inlection
(ABC - 675x); (C) NK· and (O) NK +, 7 days 01 inlection
(ABC - 350x)

pramastigotes can directly induce human
peripheral bIood NK. cells from healthy
donors to IFN-g secretion in the absence
of IL-12 and the professional antigen
presenting cells. Data fram the present study
show the concomitant and increased
presence of IL-12 and IFN-g in the lesion
of NK.- BALB/c mice at 24 hours and 7
days after infection.

AIthough a marked decrease in NK.
cytotoxic activity was observed in the spleen,
immunolabeling revealed an in situ increase
in the expression of NK. 1.1 + cells and a
decrease in the expression of NK.5E6+ cells
after 90Sr treatment. NK. cells were described
as non-T and non-B cells!". However,
subsets of T Iymphocytes have been
reported as NK.1.1 + cells, therefore being
processed in the thyrnus'", In this way, it is
reasonable to propose that they are saved
during the process of depletion by 90Sr
injection and are present in the spIeen. Once
NK.5E6+ cells are reduced, it may be

Figure 5 -Immunohistochemistryshowingthe presence of ll-IZ in
the subcutaneous inoculation site 01 parasites in BALB/c
mice skin. (A) NK· and (B) NK +,24 hours 01 inlection
(ABC - 675x); (C) NK· and (O) NK+, 7 days olinlection
(ABC - 675x and 350x, respectively)
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Figure 6-lmmunohislochemislryshowinglhe presence olIL-4 in lhe
subcutaneous inoculation site 01 parasitesin BALB!c mice
skin. (A) NK-and (8) NK+, 24 hours 01 inlection; (C) NK-
and (O) NK+, 7 days 01 inlection (ABC - 675x)

speculated that control of one population
over the other may be occurring in NK-
animaIs. So, a decrease in K5E6+ cells
should leading to a higher expression of
NK1.1+.

The resistance to Leishmania infection
is traditionally attributed to the production
of IFN-g, which activates the microbicidal
mechanisms of macrophages, enabling them
to control parasite replication'v'", The present
data, however, show that in animals treated
with 90Sr there is a higher presence of IFN-
g and a larger increase of parasitism in the
lesion. Recent data have correlated IFN-g
to the development of lesions instead of
control in Ieishmaniasis'v". On the other
hand, the cytokines which have been
traditionally related to susceptibility to
infection in cutaneous leishmaniasis are IL-4
and IL-1017• Akuffo et a1.20demonstrated

that in innate response to Leishmania antigen
envolving NK cells, a criticallevel of IL-12
is required to induce IFN-g secretion below
which, IL-10 is released in amounts which
apparently inhibit IFN-g secretion and cellular
proliferation showing the contribution of
NK cells in cross regulation of these two
very import immunoregulatory cytokines.
Regarding the production of IL-4, it is
known that NK 1.1+ cells, along with IFN-
g production, result in in vitro production of
this cytokine/'r". Other authors also reported
a high production of IL-4 by NK1.1 + cells
when mice are stimulated in vivJ3. The present
experiments showed a large amount of IL-
4 detected by immunohistochemistry at the
subcutaneous parasite inoculation site in
BALB / c mice depleted of NK cells by 90Sr
treatment, probably produced by. K1.1 +

cells, which were increased in NK-depleted
rruce.

These experiments showed that NK
cells are highly important in the initial control
of Leishmania infection. Data suggest that the
regulatory mechanism of different K cell
populations may result in the production of
different cytokines at the site of infection,
determining the evolution of the disease.
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Detecção de citocinas no sítio de inoculação subcutânea de Leishmania
(Leishmania) amazonensis em camundongos depletados de células Natural Killer

Resumo

Camundongos BALB/ c depletados e não depletados em células
Natural IVller (NK) foram infectados subcutaneamente com 107

promastigotas de Leishmania (Leishmania) amazonensis em fase
estacionária de crescimento e amostras foram colhidas às 24 horas e 7
dias de infecção. Nos camundongos depletados em células NK, a
atividade citotóxica NK de células esplênicas estava diminuída aos 7

Palavras-chave:
Células Natural Killer.
Citocinas.
Leishmaniose cutânea.
Leishmania (Leishmania) amazonensis.
Imunopatologia.
90Estrôncio.
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dias de infecção e mais parasitos foram encontrados na lesão. Populações
de células NK foram analisadas por imuno-histoquimica em cortes
congelados de baço. Foi observado aumento na expressão de células
NK1.l +e diminuição na expressão do antígeno NK5E6+ nos animais
depletados em células NK comparados aos camundongos não
depletados. A presença de IFN-g, IL-12 e IL-4, analisada por imuno-
histoquimica no sítio de inoculação dos parasitos, mostrou que maior
quantidade de citocinas foram detectadas nos camundongos depletados
em células NK às 24 horas e 7 dias depois da infecção. Nos
camundongos não depletados, havia pequenas quantidades de IL-12
às 24 horas e de IL-4 aos 7 dias de infecção. Estes dados sugerem que
a depleção de células NK por 90Srresulta em aumento de parasitismo
na lesão. O aumento na expressão de células NK1.1 +, as quais
produzem principalmente IL-4, pode representar um dos mecanismos
que colaborariam para a progressão da infecção.
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