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Cells of the dendritic cell (DC) lineage, by their unique ability to stimulate naive T cells, may be of crucial
importance in the development of protective immune responses to Leishmania parasites. The aim of this study
was to compare the impact of L. major infection on DCs in BALB/c (susceptible, developing Th2 responses),
C57BL/6 (resistant, developing Th1 responses), and tumor necrosis factor (TNF) ™/~ C57BL/6 mice (suscep-
tible, developing delayed and reduced Thl responses). We analyzed by immunohistochemistry the phenotype
of infected cells in vivo. Granulocytes (GR1*) and macrophages (CD11b™) appear as the mainly infected cells
in primary lesions. In contrast, cells expressing CD11c, a DC specific marker, are the most frequently infected
cells in draining lymph nodes of all mice tested. These infected CD11c¢™ cells harbored a particular morphology
and cell surface phenotype in infected C57BL/6 and BALB/c mice. CD11c" infected cells from C57BL/6 and
TNF~/~ C57BL/6 mice displayed a weak parasitic load and a dendritic morphology and frequently expressed
CD11b or F4/80 myeloid differentiation markers. In contrast, some CD11c™ infected cells from BALB/c mice
were multinucleated giant cells. Giant cells presented a dramatic accumulation of parasites and differentiation
markers were not detectable at their surface. In all mice, lymph node CD11c* infected cells expressed a low
major histocompatibility complex II level and no detectable CD86 expression. Our results suggest that infected

CD11c* DC-like cells might constitute a reservoir of parasites in lymph nodes.

Leishmania spp. are protozoan parasites belonging to the
Trypanosomatidae family. They are transmitted by phleboto-
mine sand flies to several mammals, including humans (re-
viewed in references 8 and 31). Leishmania promastigotes, the
extracellular flagellated forms of the parasite in the insect
vector, gain access to host tissues during sand-fly bite, where
they are internalized by macrophages. They then transform
into amastigotes which replicate by binary fission until they are
released by the rupture of the host cell. Leishmania sp. induce
a large spectrum of diseases in humans, from cutaneous lesions
to progressive fatal visceralizing diseases. Clinical manifesta-
tions depend on the parasite species, immune response, and
genetics of the host. A lot of information on these factors has
been drawn from the murine models of Leishmania major
infection. Clearance of L. major parasites in infected cells
implicates effector mechanisms (7, 20) positively regulated by
gamma interferon-producing CD4" T cells (Th1 cells) and
downregulated by interleukin-4 (IL-4)- or IL-10-producing
CD4™" T cells (Th2 cells) (reviewed in references 31 and 32).
Most inbred mouse strains (including C3H and C57BL/6 mice)
develop a protective immune Thl response and are able to
control infection. The key role played by IL-12 in the Thl
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differentiation has been extensively documented in Leishmania
infection (28, 35). In contrast, BALB/c mice develop an IL-4-
mediated Th2 response and a progressive fatal disease (19).

Cells of the dendritic cell (DC) lineage are professional
antigen-presenting cells. They take up antigens, generate ma-
jor histocompatibility complex (MHC)-peptide complexes, mi-
grate from the sites of antigen capture to secondary lymphoid
organs, and finally stimulate T cells after a physical interaction
with them (reviewed in reference 21). It has been shown that
amastigotes, but not promastigotes, efficiently infected DC in
vitro (37), suggesting that during the course of infection skin
DC might be infected by amastigotes released from macro-
phages. Recent studies suggest that DC might be critical in the
initiation and regulation of a protective immune response to
Leishmania: (i) DCs have the unique ability to transport viable
amastigotes from the primary lesion to the draining lymph
node (25); (ii) in vitro and in vivo experiments suggest that
DCs, rather than macrophages, might be the major source of
IL-12 during the early stages of Leishmania infection (16); (iii)
antigen-pulsed epidermal DCs protect BALB/c susceptible
mice from infection with L. major (12); and (iv) pretreatment
with the recombinant hematopoietic cytokine FIt3, that in-
duces the expansion of DCs, partially protects against progres-
sive leishmaniasis in susceptible mice (23).

Several works have demonstrated in vitro that L. major in-
fection impairs the antigen-presenting function of macro-
phages (15) and their ability to produce IL-12 (9), making
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FIG. 1. (A) Size of primary mouse footpad lesions during the course of L. major infection of B6.WT and B6. TNF /" mice. The results are from
one representative experiment performed with eight animals of each strain and are expressed as the means = the standard error of the mean. Two
other experiments yielded similar results. (B) Numbers of GR1*, CD11b*, and CD11c" cells present after 4 weeks of infection in the footpad.
Each value represents the mean = the standard deviation (SD) cell counts/mm? of tissue of 20 sections from four mice. (C) High magnification
view of amastigotes stained by hematoxylin. Scale bar, 10 pm. (D) Numbers of infected cells present after 4 weeks of infection in the footpad. Each
value represents the mean = the SD of cell counts/mm? of tissue of 10 sections from four mice. (E) Percentage of infected cells expressing CD11b,
CDl1c, or GR1 in the footpad. Each value represents the mean percentage * the SD of cell counts/mm? of tissue of 20 sections from four mice.
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FIG. 2. Immunoperoxidase staining (brown precipitates) of embedded serial sections of lesions from uninfected B6.WT mice and from B6.WT,
B6.TNF /", and BALB/c mice infected for 4 weeks. Uninfected tissues from all strains used in the present study appeared closely similar. Serial
sections were counterstained with hematoxylin or stained with MAb recognizing CD11c¢ as indicated in the figure. Scale bar, 200 pwm.

infected macrophages an unlikely candidate to prime naive T
cells in draining lymph nodes. Actually, the impact of L. major
infection in vivo on DC populations is unknown. The aim of
this study was to compare in vivo the impact of L. major
infection on cells of the DC lineage in susceptible and resistant
mice. BALB/c and C57BL/6 (B6.WT) strains of mice are clas-
sically used as models of mice susceptible and resistant to L.
major, respectively. However, as described below, these strains
develop, due to genetic difference, a very different class of
immune response (Th2 and Th1, respectively) against L. major
parasite rending the interpretation of data complex. Thus,
we used C57BL/6 mice lacking tumor necrosis factor (TNF)
(B6.TNF /") mice as a model of susceptible mice in the
C57BL/6 genetic background. In these mice susceptibility to L.
major is not associated with the development of Th2 response
but is correlated with a delayed and reduced Thl response
(38). We analyzed in situ the cell surface phenotype of infected
cells in primary footpad lesions and draining lymph nodes of
BALB/c, B6.WT, and B6.TNF /™ mice. Our results show that
cells displaying DC-like phenotype are the most frequently
infected cells in the draining lymph node and harbor different
parasitic loads and cell surface markers in susceptible and
resistant mice.

MATERIALS AND METHODS

Mice and parasite. Six- to eight-week-old female BALB/c and C57BL/6 mice
were purchased from Charles River Laboratories. C57BL/6 lacking TNF-a were

as previously described (38) and were bred in our animal facility. The mainte-
nance and care of mice complied with the guidelines of the ULB Ethics Com-
mittee for the humane use of laboratory animals. Promastigotes of L. major
(MHOM/IR/—/173 strain) were propagated in vitro at room temperature in
RPMI 1640 medium (Life Technologies, Gaithersburg, Md.), supplemented with
10% fetal calf serum (Life Technologies), penicillin G (100 U/ml), and strepto-
mycin (100 pg/ml). Parasites harvested in the stationary phase after 8 to 10 days
of culture were centrifuged (2,500 X g, 10 min, 4°C) and then washed three times
in RPMI before being used to inoculate animals.

Leishmania infection, lesion monitoring, and tissue processing. Mice were
infected subcutaneously in the rear left hind footpad with 5 X 10° stationary-
phase promastigotes of L. major in a final volume of 25 pl (in RPMI medium).
The contralateral right footpad received an identical volume of RPMI medium
without parasites as an internal control. The thickness of infected and uninfected
footpads was regularly measured with a vernier caliper, and the difference be-
tween both measurements corresponded to the size of lesions. At selected time
points, some mice were killed by cervical dislocation. Footpad lesions (or normal
tissue in controls) were cut tangentially to the bone ground. Popliteal homolat-
eral draining lymph nodes were collected to perform immunohistochemical stud-
ies (see below). The distribution and enumeration of amastigotes and infected
cells were determined in organ sections stained with hematoxylin.

Immunohistochemistry. In the present study, we used Immunohistowax pro-
cessing, a new fixation and embedding method for light microscopy, initially
developed for DC identification in situ, which preserves antigen immunoreac-
tivity and morphological structures (27). Briefly, primary lesions and draining
lymph nodes were fixed for 3 days in Immunohistofix (Aphase, Gosselies, Bel-
gium), followed by dehydratation in a graded series of ethanol solution (30, 50,
70, 90, and 100%) for 30 min each at room temperature. Tissues were embedded
in Immunohistowax (Aphase) and cut into 3- to 6-pm sections, deembedded by
a wash in acetone for 10 min, and transferred to phosphate-buffered saline
(PBS). The tissue sections were treated for 30 min with blocking reagent (1% in
PBS; BoehringerMannheim, Mannheim, Germany) to saturate the sites of non-
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FIG. 3. (A) Alkaline phosphatase (blue = CD11c) and immunoperoxidase (red = GR1) staining of embedded sections of lesions from BALB/c
mice infected for 4 weeks. (B) Immunoperoxidase staining (brown precipitates) of embedded sections of lesions from BALB/c mice infected for
4 weeks. Sections were stained with MAbs recognizing GR1, CD11b, or CD11c as indicated in the figure and counterstained with hematoxylin.
Scale bars: Al, 300 pm; A2, 30 pm; B, 10 pm.
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FIG. 4. (A) Numbers of infected cells present in the lymph nodes after 4 weeks of infection. Each value represents the mean * the SD of cell
counts/mm? of tissue of 20 sections from four mice. (B) Percentages of infected cells expressing CD11b, CD11c¢, F4/80, or GR1 in the lymph node.
Each value represents the mean of percentage * the SD of cell counts/mm? of tissue of 10 sections from four mice. (C) Number of parasites in
cells expressing CD11b, CD11c, F4/80, or GR1 present in the lymph nodes at 4 weeks of infection. Each value represents the mean = the SD of

cell counts/mm? of tissue of 10 sections from four mice.
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Lymph node from 4 weeks infected BALB/c mice
low magnification high magnification
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FIG. 5. Sections of lymph nodes from BALB/c mice infected for 4 week were counterstained with hematoxylin and eosin. Arrows show the
presence of amastigotes and infected cells. Scale bars: A, 50 wm; B, 10 wm.
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specific reactions. The endogenous peroxidase activity was neutralized by 3%
H,0, in PBS for 60 min. The slides were then incubated with one of the
following biotinylated antibodies (10 wg/ml in 0.5% PBS-blocking reagent): 2G9
(anti-I-A/I-E monoclonal antibody [MAb]; BD Pharmingen, San Diego, Calif.),
C1:A3-1 (anti-F4/80 MADb; Serotec, Oxford, United Kingdom), GL1 (anti-CD86
MAb; American Type Culture Collection), M1/70 (anti-CD11b MAb; BD
Pharmingen), HL3 (anti-CD11lc MADb; BD Pharmingen), RA3-6B2 (anti-
CD45R/B220 MAb; BD Pharmingen), RB6-8C5 (anti-GR1 MAb; BD Pharmin-
gen), RM4-5 (anti-CD4 MAb; Pharmingen), and 53-6.7 (anti-mouse-CD8«a
MAb; BD Pharmingen). They were further incubated, as indicated in Results,
with either (i) avidin-biotin-peroxidase complex (Vectastain ABC kit; Vector
Laboratories, Burlingame, Calif.) and stained with a solution of diaminobenzi-
dine tetrahydrochloride (DAB tablets, giving brown precipitates; Sigma, St.
Louis, Mo.) or a solution of 3-amino-9-ethylcarbazole (AEC tablets, giving red
precipitates; Sigma) or (ii) avidin-biotin-alkaline phosphatase complex (Vec-
tastain ABC kit, AK-5000; Vector Laboratories) and stained with alkaline phos-
phatase substrates (SK-5300, giving blue precipitates; Vector Laboratories). In
case of double staining of cells, the excess of biotin from the first antibodies was
blocked with the Vector blocking kit (Vector) before incubation of the sections
with a second biotinated antibody. Digitized images were captured by using a
charge-coupled device color camera (Ikegami Tsushinki, Tokyo, Japan) and
analyzed by using CorelDraw 7 software (Corel, Ottawa, Ontario, Canada).

RESULTS

Large number of CD11c™ cells are present in the footpad
lesions of susceptible mice infected with L. major. In agree-
ment with previous studies (26, 38), the maximal lesion size in
B6.WT and B6.TNF /~ infected mice was observed around
the fourth week (Fig. 1A). At this time, the lesions in BALB/c
infected mice were well developed without mutilation as ob-
served later in the course of infection (data not shown). Mice
infected with 5 X 10° L. major were therefore killed 4 weeks
after inoculation for immunohistochemistry analysis. Three
major populations were observed and enumerated in lesion by
using antibodies recognizing GR1, CD11b, and CDl1l1c (Fig.
1B and 2). Using these antibodies in combinations, we did not
observe any double staining in the different control or infected
mouse strains. This result demonstrates that each marker iden-
tified a distinct population. An example of such a combination
is shown Fig. 3A (GR1/CDl11c combination). Accordingly to
previous studies (11, 17, 22, 33), CD11c¢* CD11b~ GR1™ cells
were identified as cells of the DC lineage (Langerhans cells
and dermal DCs), CD11c™ CD11b" GR1~ as macrophages,
and CD11c™ CD11b~ GR1™ cells were identified as granulo-
cytes. Infected B6.TNF '~ and BALB/c susceptible mice pre-
sented a dramatic infiltration and accumulation of these three
cell populations in their lesions (Fig. 1B), which was mainly
present at the hypodermal level of the skin (see Fig. 2 for
CDlIc distribution). In comparison, infected resistant B6.WT
mice displayed only a moderate recruitment of these cells.

CD11b™ cells and GR1™ cells are the most frequently in-
fected cells in footpad lesions. A high-magnification view of
amastigotes stained by hematoxylin in infected cells from
BALB/c lesion is shown in Fig. 1C. As expected, BALB/c mice
in comparison to other mice displayed higher numbers of in-
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fected cells in lesions (Fig. 1D). Amastigotes were detected in
CD11c*, CD11b™", and GR1™ cells by using hematoxylin stain-
ing. CD11b™ cells and GR1™" cells appeared to be the most
frequently infected cells compared to CD11c™ cells in BALB/c
mice (Fig. 1E). Figure 3B show the morphology of uninfected
and infected CD11b™*, CD11c™, and GR1™ cells. The intense
aggregation of infected cells prevented a precise estimation of
the number of amastigotes per cell. Nevertheless, our obser-
vations suggest that they were numerous and at roughly similar
amounts in CD11b", CD11c", and GR1™" cells. Coexpression
of CD4, CDS, or CD86 markers were not detected in infected
cells (data not shown). Similar qualitative results were ob-
served in infected cells from B6.WT and B6.TNF '~ mice
(data not shown).

Distribution of infected cells in draining lymph node of
infected mice. Immunohistochemical analysis showed impor-
tant modifications of lymph node organization during the
course of L. major infection. At 4 weeks after parasite inocu-
lation, the paracortical region of the draining lymph nodes of
infected mice, but not of control mice, presented multiple large
lobules containing T cells (identified as CD90.2") and B cells
(identified as CD45R ™" and MHC-II ") separated by large sinus
(data not shown). In BALB/c mice, which presented the high-
est level of infected cells (Fig. 4A), cells containing amastigotes
were localized in the subcapsular region (Fig. SA and B), in the
cortical and paracortical sinus (Fig. 5C and D), and in the
paracortical region (Fig. 5E to G). In B6.WT and B6.TNF '~
mice, infected cells were observed mainly in the paracortical
region of lymph node (data not shown).

Amastigotes are massively accumulated in CD11c™ cells in
draining lymph nodes of BALB/c mice. In comparison to un-
infected DCs (CD11c™) displaying classical dendritic morphol-
ogy (Fig. 6B1 and C1), the morphology of infected CD11c*
cells was strongly modified. In infected B6.WT mice, large
aggregates of CD11c" cells with dendritic morphology were
observed in paracortical region (Fig. 6A2). Few parasites were
detected in these cells (Fig. 6B2 and B3). A similar but en-
hanced phenomenon was observed in infected B6.TNF~/~
mice (Fig. 6A3). In contrast, in lymph nodes from infected
BALB/c, infected CD11c™ cells presenting a massive accumu-
lation of parasites were observed in subcapsular region (Fig.
6A4), cortical and paracortical sinus (Fig. 6AS5), and paracor-
tical region (Fig. 6A6). It is interesting that CD11c" infected
cells present in subcapsular, cortical and paracortical sinus
expressed frequently an intermediate level of CDl1lc (Fig.
6C3) in comparison to CD11c™ infected cells of paracortical
region (Fig. 6C4).

The analysis of the phenotype expressed by the infected cells
(Fig. 4B) showed that CD11c™" cells were the most frequently
infected in lymph nodes of C57BL/6 and BALB/c mice com-
pared to GR1" and CD11b™ cells. Comparison of the number
of intracellular amastigotes showed that the highest parasite

FIG. 6. Immunoperoxidase staining (brown precipitates) of embedded sections of the draining lymph nodes from uninfected C57BL/6 mice
(A1) and from B6.WT (A2 and B), B6. TNF~/~ (A3), and BALB/c (A4, A5, A6, and C) mice infected for 4 weeks. Sections were stained with MAbs
recognizing CD11c and counterstained with hematoxylin. (B1) C1 CD11c* uninfected cells; (B2 and C4) mononucleated CD11c™ infected cells;
(B3) aggregate of CD11c" infected cells; (C2) CD11c™ infected cells; (C3) mononucleated infected cell expressing intermediate level of CD11c;
(C5) multinucleated CD11c" infected cells. Scale bars: A, 50 um; B, 10 pm.
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levels were observed in mononucleated CD11c" cells from
BALB/c lymph nodes (Fig. 4C) and overall in giant multinu-
cleated CD11c™ cells (Fig. 4C and 6C5). These latter cells were
not present in infected B6.WT mice. In summary, CD11c*
cells appear as the most frequently infected cells in lymph
nodes from infected mice. CD11c™ from BALB/c mice, but not
from other mice, displayed a more intense multiplication of
amastigotes.

Infected CD11c* cells from lymph nodes of C57BL/6, but
not BALB/c mice, express the CD11b and F4/80 myeloid mark-
ers. The existence of several subpopulations of DCs in blood
(10) and lymphoid organs (4, 17, 22) based on the expression
of CD4, CD8, CD11b, CD45R (B220), CD90.2, and F4/80
markers has been well established. In order to determine the
phenotype of infected CD11c™ cells in both strains of mice, we
performed systematic double staining with the anti-CD11c an-
tibody and another antibody recognizing one of the above
listed markers. Our results (Fig. 7A) show that some aggre-
gated infected CD11c* cells from C57BL/6 mice, but not
highly infected cells from BALB/c mice, expressed CD11b or
F4/80 myeloid markers. These cells did not express at a de-
tectable level lymphoid markers such as CD4, CDS8, CD45R,
and CD90.2 (data not shown). CD11c"* infected cells from
draining lymph nodes of B6.WT and B6.TNF '~ mice dis-
played similar phenotype (data not shown). The frequent co-
expression of CD11c and F4/80 in infected B6.WT might ex-
plain the higher number of F4/80* infected cells observed in
B6.WT compared to BALB/c mice (Fig. 4B).

Infected CD11c™ cells from the lymph nodes of both mouse
strains express low levels of MHC-II, but no CD86 molecules
were detected. Lymph node DCs are frequently described as
expressing high surface levels of MHC-II (33). In both strains
of mice, we observed that noninfected CD11c™ cells expressed
MHC-II at high levels (data not show). In contrast, the large
majority of highly infected CD11c™ cells from BALB/c and
aggregated infected cells from B6.WT mice express only low
levels of surface MHC-II (inferior to that observed on B cells)
(Fig. 7C). CD86 expression was not detected on infected
CD1l1c" cells from lymph nodes of B6.WT or BALB/c mice,
whereas it was frequently detected on CD45R™ cells (B cells)
of lymph nodes from infected BALB/c mice (data not shown)

DISCUSSION

We analyzed here the in vivo phenotype of L. major-infected
cells in the primary site of infection and the draining lymph
node of B6.WT, B6.TNF~/~ and BALB/c mice 4 weeks after
parasite inoculation. Previous works have demonstrated that
Leishmania parasites can infect macrophages (31), granulo-
cytes (24), and DCs (5, 34, 37). However, as far as we know the
importance of this phenomena has not been estimated quan-
titatively in vivo during the peak of infection in both resistant
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and susceptible mice. Moreover, the expression of functionally
important markers, such as MHC-II and costimulatory mole-
cules, and differentiation markers at the surface of infected
cells has not been analyzed previously.

Our results show that granulocytes and macrophages, iden-
tified as CD11b~ CDl1lc” GR1" and CD11b" CDIllc™
GR1, respectively, are the main infected cells in primary
lesions. In contrast, cells expressing a high level of CDllc, a
DC specific marker, are the most frequently infected in drain-
ing lymph nodes of infected mice. Qualitatively similar results
have been obtained at 6 and 9 weeks of infection (data not
shown). The preferential infection of DCs by intracellular
pathogens has been reported previously in other models. Den-
gue virus, a flavivirus causing febrile illness, inoculated into
human skin, like Leishmania parasites, by mosquitoes, has
been reported to infect 10-fold more DCs than monocytes or
macrophages (39). DCs have also been described as the major
reservoir of human immunodeficiency virus in human lymph
nodes (14).

CD11c" infected cells detected in lymph nodes might (i)
have migrated from lesion to draining lymph node or (ii) be
infected in the lymph node with parasites released by other
cells. The presence of infected cells expressing an intermediate
or high level of CD1lc marker in the subcapsular sinus of
lymph nodes indicates that at least a portion of infected cells
that have migrated from the lesion to the lymph node are
CD11c™" cells. Recently, it has been demonstrated that all DC
populations can be derived from only one population of DC
precursors (10). However, during inflammation, DCs can also
differentiate from monocytes (30). For this reason, distinguish-
ing between monocytes/macrophages and DCs is difficult, par-
ticularly during the course of an infection. Randolph et al. (30)
have previously reported that macrophages (identified as
CD11b" CD11c¢") recruited in the footpad after an inflamma-
tory stimulus can differentiate into “monocyte-derived DCs”
(acquiring CD11c marker) and migrate into the lymph nodes.
In our study, we observed that a few CD11c™ cells located in
lesions were infected by L. major. Thus, CD11c™ infected cells
observed in the subcapsular sinus of the draining lymph node
might derive from both monocyte-derived DCs and DCs in-
fected in the footpad.

Compared to BALB/c mice, the lymph nodes of B6.WT mice
contained low number of infected cells displaying a moderate
parasitic load and DC morphology. In contrast, in lymph nodes
of BALB/c mice, infected CD11c* cells presented high para-
sitic loads, and we frequently observed CD11¢™ multinucle-
ated giant cells harboring a dramatic accumulation of para-
sites. Indeed, multinucleated giant cells have been previously
described in lymph node biopsies from Leishmania-infected
patients, but their cell surface phenotype has not been re-
ported (36). B6.TNF~/~ mice, due to a reduced and delayed
Thl response, are susceptible to L. major infection (38). In

FIG. 7. (A and B) Immunoalkaline phosphatase (blue = F4/80 and CD11b as indicated) and immunoperoxidase (red = CD11c) staining of
embedded sections of lymph nodes from BALB/c and B6.WT mice infected for 4 weeks, as indicated in the figure. Arrows show the presence of
double staining. (C) Immunoperoxidase staining (brown precipitates) of embedded serial sections of the draining lymph nodes from BALB/c mice
infected for 4 weeks. Sections were stained with MAbs recognizing MHC-II and CDl1l1c, as indicated in the figure, and counterstained with

hematoxylin. Scale bars: A, 150 wm; B; 10 pm; C, 50 pm.
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agreement with an earlier study (38), we observed in these
mice an increased frequency of infected cells. However, lymph
node infected cells from these mice presented weak parasitic
loads and no syncytium was observed. Thus, we can conclude
that syncytium formation appears as a consequence of high
parasitic loads associated with Th2 response in BALB/c mice.
It is interesting that, in contrast to macrophages, DCs do not
produce NO in response to L. major infection (6), suggesting
that these cells are not able to eliminate amastigotes or prevent
their multiplication. Thus, these data and our study suggest
that DCs can potentially constitute a reservoir of parasites in
the case of a nonadapted Th2 immune response.

Another interesting observation was that lymph node
CD11c" infected cells from B6.WT and B6.TNF /", but not
from BALB/c mice, frequently expressed the CD11b and F4/80
myeloid differentiation markers. The reason for this difference
is not known. The similar cell phenotype observed in resistant
B6.WT and susceptible B6.TNF~/~ mice suggests that the ge-
netic background or the profile of immune response (Thl)
might be involved. Whereas the phenotype of DC subsets in
lymph node mice has been described in naive mice (17), this
has not been reported during the course of infection, making it
difficult to associate the phenotype of some CD11c™ infected
(CD4~CD8~, CD11b*, or F4/80™) cells from the lymph nodes
of B6.WT mice to a classical subset of DCs. However, the
absence of detectable CD4 and CD8 expression suggests that
these cells might be skin migrating cells (17). The expression of
the myeloid markers CD11b and/or F4/80 also suggests that
these cells are similar to monocyte-derived DCs, as described
by Randolph et al. (30). Interestingly, a recent work (18) has
demonstrated that splenic myeloid DCs (CD4", CD87,
CD11b*, and F4/80" [22]) rather than other splenic DC sub-
sets are preferentially infected in vitro by L. major.

We detected low expression of MHC-II but no expression of
CD86 costimulatory molecule on CD11c™ infected cells from
lymph nodes of B6.WT or BALB/c mice, suggesting that the
antigen-presenting function of these cells is downregulated.
This is not due to technical problems since these markers were
clearly detected at the surface of noninfected cells on the same
tissue sections. Conflicting results have been reported on the
ability of Leishmania species to activate cells of the DC lin-
eage. It has been shown in vitro that bone marrow-derived DCs
do not mature in response to L. mexicana infection (3). Simi-
larly, a functional impairment of in vitro T-cell stimulatory
properties of splenic DCs at 60 days postinfection, correlating
with a reduced surface expression of MHC-II, has been re-
ported during the course of L. donovani infection in BALB/c
mice (2). In contrast, Qi et al. (29) have observed in vitro that
L. amazonensis induced the upregulation of costimulatory mol-
ecules on bone marrow-derived DCs, and von Stebut and al.
(37) showed that in vitro infection of fetal-skin-derived DCs
from both BALB/c and B6.WT mice infected with L. major
induced the upregulation of costimulatory molecules and the
release of IL-12. These contrasting results obtained in vitro
might be due to the Leishmania species used and the origin of
the DCs (bone marrow, spleen, and fetal skin). We have ob-
served in situ that lymph node CD1l1c* infected cells from
susceptible mice presented high numbers of parasites, which
were clearly greater than the parasitic loads observed in cells
infected in vitro (18). This suggests that in vivo infection might
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more deeply affect the physiology of cells. Moreover, the du-
ration of infection and/or environmental factors present in vivo
might also influence the phenotype and the T-cell stimulatory
properties of DCs. Thus, it is possible that a short time of
infection in vitro with L. major activates DC maturation, as
reported by von Stebut et al. (37) but that, conversely, long-
term infection induces a downregulation of the typical markers
of antigen presenting function on DCs, as observed with L.
donovani infection (2). Moll et al. (25) reported that lymph
node DCs from B6.WT that have recovered from infection
with L. major harbor viable parasites. These authors observed
that lymph node cells from these mice can efficiently activate
Leishmania-specific T cells but that the depletion of DCs im-
pairs this activation. These authors concluded that infected
DC:s efficiently present Leishmania antigen to specific T cells.
These results do not exclude the possibility that infected DCs
release antigen that can be presented in vitro to T cells by
noninfected competent DCs. Due probably to their large size,
isolation of CD11c™ infected cells by a standard procedure has
not been possible in our laboratory, and the subsequent anal-
ysis of their antigen-presenting cell functions has not been
performed. Thus, we cannot actually determine whether in-
fected cells are functionally able to present antigen. However,
the downregulation of antigen-presenting markers at their cell
surface suggests strongly that presentation is performed by
noninfected DCs. Leishmania parasites reside and multiply
into parasitophorous vacuoles. These organelles of phagolyso-
somal origin have similar properties to vacuoles where pep-
tide-MHC-II molecule complexes are formed before their ex-
pression at the cell surface. In vitro studies have shown that
MHC-II molecules are associated with the parasitophorous
vacuoles of macrophages infected by L. major, L. amazonensis,
and L. mexicana (1, 13). Some Leishmania species, such as L.
amazonensis and L. mexicana, internalize and degrade MHC-II
molecules (1, 13), suggesting that Leishmania parasites might
affect antigen presentation.

In summary, our analysis of the cell surface phenotype of L.
major-infected cells show that cells presenting the CD11c DC
marker are the most frequently infected cells in the draining
lymph nodes of resistant and susceptible mice. In susceptible
BALB/c mice, these cells constitute an important reservoir of
parasites and present a reduced expression of antigen presen-
tation markers.
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