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Leishmania major lipophosphoglycan modulates the phenotype and inhibits
migration of murine Langerhans cells
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SUMMARY

Langerhans cells (LC), members of the dendritic cell family, play a central role in the initiation and
regulation of the immune response against the protozoan parasite Leishmania major. LC take up
antigens in the skin and transport them to the regional lymph nodes for presentation to T cells.
However, it is not known whether LC functions are modulated by parasite antigens. In the present
study, we examined the effect of a major parasite surface molecule, L. major lipophosphoglycan
(LPG), on the maturation of LC and their migratory properties. The results show that exposure
to LPG did not affect the expression of major histocompatibility complex (MHC) class II and B7,
but induced an up-regulation of CD25, CD31 and vascular endothelial (VE)-cadherin expression
and a down-regulation of Mac-1 expression, by LC. Importantly, LPG treatment inhibited the
migratory activity of LC, as it reduced their efflux from skin explants and their migration in transwell
cultures. These results suggest that Leishmania LPG impairs LC migration out of the skin and thus
may modulate their immunostimulatory functions, which require LC translocation from skin to

lymph nodes.

INTRODUCTION

Leishmaniasis is initiated by the intradermal inoculation of
Leishmania promastigotes during the bite of an infected sand-
fly. The spectrum of disease patterns seen in humans ranges
from visceral leishmaniasis (that may be fatal if left untreated)
to self-healing cutaneous leishmaniasis.! Experimental infec-
tion of mice with Leishmania major is a widely used model for
studying factors that influence the immune response against
this pathogen. Upon host invasion, the parasites are phago-
cytosed by macrophages (M¢) and epidermal Langerhans
cells (LC), the dendritic cells of the skin.* M¢ lack the ability
to induce the primary stimulation of T cells and their antigen-
presentation functions are impaired following infection with
Leishmania.*® LC, on the other hand, have the unique feature
of being able to transport the ingested parasites from the site of
infection in the skin to the T-cell areas of the draining lymph
nodes while differentiating into interdigitating dendritic cells
that are very efficient in the stimulation of resting T cells.’
Thus, migration and maturation of LC are critical for initiation
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of the T-cell immune response to Leishmania, and it is probable
that these processes are tightly regulated.

The dendritic cell maturation observed in vivo can be
mimicked during a short period of in vitro culture and
correlates with an increase in the expression of major histo-
compatibility complex (MHC) class II and costimulatory
molecules.® Furthermore, the expression of adhesion mole-
cules is modulated. For example, E-cadherin, which promotes
the retention of LC within the epidermis, is down-regulated,’
whereas the level of intercellular adhesion molecule-1
(ICAM-1), involved in the interaction with T cells, is
enhanced.'®

Lipophosphoglycan (LPG) is the most abundant glyco-
conjugate on the cell surface of Leishmania promastigotes.'*1?
As many as 10° copies of this molecule are expressed by a single
parasite.'> LPG has a unique structure with a conserved
glycosylphosphatidylinositol (GPI) anchor, a conserved diphos-
phoheptasaccharide core structure and repeating phos-
phodisaccharide units carrying species-specific side chains;"
it is present on all Leishmania species. LPG has been shown
to modulate many host cell functions, including the cytokine
release, oxidative burst and nitric oxide (NO) synthesis of
Md.'>1*15 Importantly, it also reduces monocyte trans-
endothelial migration by modulating the expression of cell
adhesion molecules.'® Although these findings document the
relevance of this molecule for parasite-host interaction, no
information has been published on the effects of LPG on LC
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functions. Given the important role of LC in the early phase
of Leishmania infection, we analysed whether LPG affects the
maturation and migratory activity of LC. Herein we report
that the exposure of LC to Leishmania LPG modified the
expression of cell-surface molecules. Moreover, LPG suppres-
sed the emigration of LC from the skin, suggesting a modulation
of the immunostimulatory features of LC by LPG.

MATERIALS AND METHODS

Isolation of epidermal cells (EC)

EC were prepared from the ear skin of BALB/c mice by
trypsinization procedures, as described previously.!” A con-
centration of 1% trypsin was used for processing the ventral
thick ear halves (90 min), and 0-6% trypsin was used for the
dorsal thin ear halves (45 min). These preparations contained
MHC class II-bearing LC as well as MHC class II-negative
keratinocytes, a source of granulocyte-macrophage colony-
stimulating factor (GM-CSF), which is essential for LC
differentiation in culture.

Purification of L. major LPG and preparation of

L. major-conditioned medium (LCM)

The cloned virulent line of the L. major isolate MHOM/IL/81/
FE/BNI was maintained by passage in BALB/c mice. Pro-
mastigotes were grown in vitro in blood agar cultures. LPG
was purified from stationary-phase L. major promastigotes
by sequential solvent extraction and hydrophobic interaction
chromatography on octyl-sepharose columns, as previously
described,'*'® and was devoid of contaminating protein. The
phosphoglycan (PG) moiety of LPG was obtained by delip-
idating 20 pg of LPG (3 hr at 37°) with phosphatidylinositol-
specific phospholipase C (PI-PLC) (0-5 U/ml; Sigma, Tauf-
kirchen, Germany) in 50 mm HEPES, pH 7-4. PG was
recovered in the flow-through of an octyl-sepharose column.
Prolonged incubation with PI-PLC did not result in an
alteration of the biological activity of PG. LCM was prepared
by incubating suspensions of stationary-phase promastigotes
(2 x 107/ml) overnight at 37°, filtering the supernatants through
low-protein-binding 0-22-um filters and storage at —70° until
required. No significant parasite mortality was observed during
LCM preparation.

We previously documented that L. major-infected LC
contain up to six parasites per host cell (mean: 1-5)."° To
imitate these physiological conditions as closely as possible, the
dose of LPG used for the present study was adjusted to this
ratio (LPG equivalent of six parasites to one host cell). As the
amount of LPG per 10° L. major in our hands is =~ 0-150 ug,
very similar to that reported by McConville & Bacic,?
3 ug of LPG (equivalent to 2 x 107 parasites) per 3 x 10° host
cells was used. For LCM, a concentration of 12:5%, prepared
under the conditions described above, was also equivalent
to 2 x 107 parasites.

EC culture and flow cytometry analysis of cell-surface
molecules

EC (3 x 10°) were cultured overnight in the presence or absence
of LPG (3 ug), LCM (12:5%) or lipopolysaccharide (LPS)
(100 ng/ml; Roth, Karlsruhe, Germany) in 2 ml of RPMI-1640
supplemented with 10% heat-inactivated fetal calf serum
(FCS), 2 mm r-glutamine, 10 mm HEPES buffer, 60 pg/ml
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penicillin, 20 pg/ml gentamycin, 17 mm NaHCOj3; and 0-05 mm
2-mercaptoethanol. The non-adherent cell population, contain-
ing 30-50% LC, was harvested 24 hr later. LC were identified
by the expression of MHC class IT molecules.>' For two-colour
phenotype analysis, LC were labelled sequentially with biotin-
conjugated mouse anti-I-AY (MHC class II) monoclonal
antibodies (mAbs) (PharMingen, Hamburg, Germany) and
streptavidin-conjugated fluorescein isothiocyanate (FITC)
(PharMingen), followed by rat anti-CD80 (B7.1), anti-CD86
(B7.2), anti-CD25, anti-CD31, anti-Mac-1, anti-vascular endo-
thelial (VE)-cadherin (all purchased from PharMingen), anti-
L-selectin (Southern Biotechnology Associates, Birmingham,
AL) or anti-E-cadherin (clone ECCD-2; R & D Systems,
Wiesbaden, Germany) antibodies and phycoerythrin (PE)-
conjugated donkey anti-rat antibodies (Dianova, Hamburg,
Germany). Isotype-matched antibodies were used as controls.
Two-colour analysis of gated MHC class II-positive LC was
performed in a fluorescence-activated cell sorter (FACScalibur;
Becton-Dickinson, Heidelberg, Germany) using CELLQUEST
software.

Skin explant cultures

Mouse ear skin was rinsed in 70% ethanol and split with
forceps into dorsal and ventral halves. Both halves were floated
dermal side down in tissue culture wells containing 0-5 ml of
culture medium alone, or in culture medium containing LPG
(3 ug per 3x10° EC), tumour necrosis factor-o. (TNF-o)
(100 U/ml; Becton-Dickinson), or LPS (100 ng/ml). Two days
later, the cells that had migrated from the skin explant into the
culture medium were harvested, enumerated in a haemocyto-
meter and analysed for the expression of MHC class II, as
previously described.?

Transwell migration assays

Migration of LC was also examined in transwell chambers
(8-um pore size; Costar, Schiphol-Rijk, the Netherlands). The
upper compartments were supplemented with 1x10° cells
in 0-5 ml of culture medium, and 0-8 ml of culture medium
containing LPG (1 ug), PG (1 pg), LCM (12-5%), TNF-o
(100 U/ml), LPS (100 ng/ml) or none of these reagents, as a
control, was added to the lower compartments. After overnight
incubation, cells were harvested from the bottom chambers and
enumerated in a haemocytometer, followed by FACS analysis
for MHC class II expression.

Statistical analysis

The experiments were performed at least three times, and the
data obtained from migration experiments were analysed using
the Student’s 7-test.”

RESULTS
Effect of Leishmania LPG on LC maturation

During LC maturation, the expression of MHC class II and
costimulatory molecules, such as CD80 (B7.1) and CD86 (B7.2),
is strongly up-regulated. Furthermore, mature LC express high
levels of the interleukin 2 (IL-2) receptor a-chain (CD25).%*
This differentiation is induced during in vitro incubation of LC,
and is enhanced by treatment with the bacterial cell wall
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Figure 1. Flow cytometric analysis of CD25 expression by gated major histocompatibility complex (MHC) class I1-positive Langerhans cells (LC)
after overnight incubation in the presence (grey lines) or absence (thick black lines) of lipopolysaccharide (LPS), Leishmania major-conditioned
medium (LCM) or lipophosphoglycan (LPG). Isotype-matched antibodies were used as controls (thin black lines).
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Figure 2. Flow cytometric analysis of major histocompatibility com-
plex (MHC) class II and B7.2 expression by Langerhans cells (LC).
Freshly isolated cells or cells cultured overnight in the absence of
exogenous mediators or in the presence of lipopolysaccharide (LPS),
Leishmania major-conditioned medium (LCM) or lipophosphoglycan
(LPG), were stained with anti-I-A9 and anti-B7.2 antibodies and
subjected to two-colour fluorescence-activated cell sorter (FACS)
analysis.

component LPS.>>?® We examined the ability of L. major LPG
to modulate the phenotypic maturation of LC. LCM was used
as a control to determine the effect of soluble factors released
by the parasites. As expected, overnight incubation of LC with
LPS stimulated a significant up-regulation of CD25 expression
(Fig. 1). Interestingly, Leishmania LPG and LCM mediated
an equivalent effect and strongly enhanced CD25 expression.
On the other hand, treatment with LPG, unlike LPS, did not
modulate MHC class II and B7 expression of cultured LC (Fig.
2). After exposure to LPG, the levels of MHC class I, and B7.2
(Fig. 2e) and B7.1 (data not shown), were comparable to those
detected on LC incubated in the absence of exogenous factors
(Fig. 2b). It should be noted that LCM reduced the up-
regulation of MHC class II (Fig. 2d), indicating that its effect
is distinct from that of LPG. These results suggest that LPG
promotes the maturation of LC without affecting molecules
related to their antigen-presentation functions.
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Figure 3. Flow cytometric analysis of CD31, vascular endothelial
(VE)-cadherin and Mac-1 expression by gated major histocompatibility
complex (MHC) class II-positive Langerhans cells (LC) after overnight
incubation in the presence (grey lines) or absence (thick black lines)
of lipopolysaccharide (LPS), Leishmania major-conditioned medium
(LCM) or lipophosphoglycan (LPG). Isotype-matched antibodies were
used as controls (thin black lines).

Leishmania LPG modulates the expression of adhesion
molecules by LC

The intercellular adhesion molecules CD31, also termed
platelet endothelial cell adhesion molecule 1 (PECAM-1),
VE-cadherin, E-cadherin, L-selectin and the integrin Mac-1 are
involved in the migration of leucocytes. Therefore, we deter-
mined whether LPG affects the expression of these molecules
by LC. After culture in the absence of exogenous mediators,
LC did not express CD31. Stimulation with LPS strongly
enhanced the level of CD31 expression, and LPG treatment
resulted in a moderate, but consistent, up-regulation of this
molecule, whereas LCM did not have an effect (Fig. 3, upper
panels). The expression of VE-cadherin was modulated in a
similar manner (Fig. 3, middle panels). In contrast, the
expression of Mac-1, which is displayed at high levels by
cultured LC, was down-regulated by LC treatment with LPS,
LCM and LPG (Fig. 3, lower panels). Importantly, this
reduction of Mac-1 expression by LC was most pronounced
after exposure to LPG. E-cadherin expression, which is down-
regulated upon culture of LC,? and L-selectin expression were
not altered by LC exposure to LPG (data not shown).

© 2001 Blackwell Science Ltd, Immunology, 104, 462-467



L. major LPG inhibits LC migration 465

Leishmania LPG reduces the migratory capacity of LC

The above findings indicated that Leishmania LPG did not
interfere with the expression of molecules involved in the
antigen-presentation function of LC, but modulated the levels
of several molecules that are known to be relevant to cell
migration. Therefore, we next examined whether the LPG-
induced changes in surface marker expression correlate with
alterations in the migratory properties of LC. For this purpose,
we used an in vitro skin culture system.?>?” After 2 days of skin
explant culture, the number of MHC class II-positive cells that
had migrated out of the skin and into the culture medium was
analysed by flow cytometry. In the absence of exogenous
mediators, the cells migrated at a basal rate of 58 cells/mm?/hr
(Fig. 4a). LPS and TNF-a were used as positive controls
and, as expected, enhanced the migration.® Surprisingly,
Leishmania LPG induced the opposite effect and inhibited
the emigration of MHC class II-positive cells from the skin
by = 40% (Fig. 4a).

In addition to LC, skin explants contain other MHC
class Il-positive cells. To corroborate the assumption that
Leishmania LPG reduces the migratory activity of LC, we used
isolated EC (in the epidermis, LC are the only MHC class
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Figure 4. Lipophosphoglycan (LPG) reduced the migration of
Langerhans cells (LC). (a) Efflux of LC from skin explants cultured
in the absence of exogenous mediators or in the presence of
lipopolysaccharide (LPS), tumour necrosis factor-o (TNF-o) or
LPG. Major histocompatibility complex (MHC) class II-positive cells
that had migrated from the skin into the medium were detected by
fluorescence-activated cell sorter (FACS) analysis (cells in the absence
of exogenous mediators versus LPS, P<0-0001; versus TNF-a,
P <0-002; versus LPG, P <0-0008). (b) Transwell migration of isolated
LC cultured in the absence of exogenous mediators or in the presence of
LPS, TNF-a, Leishmania major-conditioned medium (LCM), LPG or
phosphoglycan (PG). Cells that had migrated to the bottom chambers
were enumerated, and LC were identified by FACS analysis for
expression of MHC class II (LC in the absence of exogenous mediators
versus LPS, P<0-0001; versus TNF-a, P<0-0002; versus LPG,
P <0-001).
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II-positive cells) and characterized the migration process in a
transwell culture system. In addition to LPG, the delipidated
PG molecule was examined. LCM was used as a control to
estimate the activity of parasite-derived molecules released
into the culture medium. The cells were added to the upper
chambers of the transwell cultures, and their passage across the
microporous membrane was quantified (Fig. 4b). When LPS or
TNF-a were present in the lower chambers, an enhancement of
cell migration was again observed. In contrast, LPG mediated a
significant inhibitory effect on LC migration (25% reduction),
confirming the data obtained with skin explant cultures. The
PG moiety of Leishmania LPG appears to be responsible for
the decreased efflux of LC (Fig. 4b), as its effect was very
similar to that induced by the intact molecule (inhibition of LC
migration by 31%). LCM treatment, on the other hand, did not
modulate LC migration. Taken together, these data suggest
that Leishmania LPG inhibits the efflux of LC from the skin.

DISCUSSION

Microbial constituents have been shown to interfere with
numerous host cell functions. The major surface glycoconju-
gates of Leishmania — LPG and glycoinositolphospholipids —
inhibit oxidative burst,”’ NO synthesis,]‘"30 and IL-1 and
IL-12 production by Md,'>? and reduce monocyte trans-
endothelial migration.!® However, their effect on dendritic
cells, the key initiators of the Leishmania-specific T-cell
response,’! had not been analysed prior to this study. The
data presented here demonstrate that treatment with L. major
LPG alters the expression of adhesion molecules by LC.
Furthermore, it decreases the migratory activity of LC, sug-
gesting that the parasites have evolved mechanisms to affect
the immunostimulatory functions of LC via an impairment
of their efflux from the skin.

Previous studies implicated pathogen-associated molecules,
such as bacterial LPS, in the activation of dendritic cells.?>%°
Our findings show that the effects of L. major LPG are distinct
from those of LPS. Both molecules promoted the maturation
of LC, as reflected by the enhancement of CD25 expression. In
contrast to LPS, however, L. major LPG did not induce an
up-regulation of molecules related to the antigen presentation
and accessory functions of LC, namely MHC class II and B7.
Importantly, whereas LPS is known to enhance dendritic cell
migration,” L. major LPG reduced the migratory activity of
LC. This inhibitory effect appears to depend on the PG moiety
of LPG, not the lipid anchor. On the other hand, secreted PG
chains present in LCM, which lack both the lipid and the
phosphosaccharide core of the LPG anchor,* did not alter
the rate of LC migration. Therefore, it is possible that the core
region is critical for the PG effect on LC migration. However, it
cannot be excluded that the amount of excreted PG in LCM
was insufficient to affect the migratory activity of LC, even
though it was well able to promote LC maturation.

In addition to the inhibitory effect on LC migration, LPG
treatment modulated the expression of the adhesion molecules
VE-cadherin and CD31, as well as the integrin Mac-1, by LC.
Interestingly, the course of E-cadherin expression, which has
been shown to mediate LC adherence to keratinocytes and is
down-regulated during LC maturation and mobilization from
skin,” was not affected by LC exposure to LPG. Similarly to
E-cadherin, the expression of Mac-1 is down-regulated upon
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maturation of LC in culture,* and this decrease was enhanced
by treatment with LPG. CD31 regulates the passage of leuco-
cytes across the endothelial lining and has been shown to
support the egress of immature dendritic cells from the blood-
stream into their target tissues.>> However, the migration of
dendritic cells from the tissue into lymphatic vessels may not be
as tightly regulated by adhesion molecules, as CD31 expression
is also down-regulated upon dendritic cell maturation.*® This
decrease of CD31 levels corresponds well with the high T-cell-
stimulatory potential of mature dendritic cells, because CD31
is involved in the inhibition of T helper cell responses.’” In this
context, it may be of interest that L. major LPG treatment
slightly enhanced CD31 expression by LC, but the more
pronounced up-regulation induced by LPS and the contrasting
effects of LPG and LPS on LC migration corroborate the
suggestion that the levels of adhesion molecule expression and
LC migratory activities do not correlate rigidly.>® These find-
ings suggest an additional mechanism by which L. major LPG
suppresses the migration process of LC. LPG may not act
directly on LC, but, as in other experimental models, its
effects may be mediated by cytokines. It has previously been
shown by us®? and others®*¥% that LC migration is regulated
by a spectrum of different mediators, in particular TNF-a, IL-
1B, IL-10, macrophage inflammatory protein-1o (MIP-1a) and
secondary lymphoid-tissue chemokine, and it is well established
that LPG modulates the production of cytokines.!>?*!

An unexpected finding of the present study was the up-
regulation of VE-cadherin expression by LC after treatment
with microbial antigens. VE-cadherin plays an important role
in endothelial biology and is required for the control of vascular
permeability. To the best of our knowledge, no information is
available on the function of VE-cadherin expressed by den-
dritic cells. It is tempting, however, to speculate that it may
be relevant to the dendritic cell-mediated host response to
pathogen invasion.

In the skin, the first target organ during infection with
Leishmania, the parasites are phagocytosed by M¢ and LC.
Although LC engulf much lower numbers of parasites than
M, only LC are able to transport parasites from the site of
cutaneous infection to the T-cell regions of the draining lymph
nodes and to provide the principal sensitizing signal for stimu-
lation of the primary Leishmania-specific T-cell response.>’
During their migration, LC differentiate into highly potent
antigen-presenting cells, a process that is associated with an
up-regulated expression of MHC class II and costimulatory
molecules. Both signals — the interaction of MHC-antigen
complexes with T-cell receptors and the costimulation — are
crucial for T-cell activation. The findings presented here
demonstrate that exposure of LC to L. major LPG does not
affect their expression of MHC class II and B7 molecules,
suggesting that the antigen presentation and accessory func-
tions are not impaired. However, LPG reduced the migration
of LC in transwell cultures and their efflux from the skin. As
the mobilization of LC plays a pivotal role in the induction and
regulation of T-cell-mediated immune responses, the down-
regulation of this activity by LPG may result in a modulation
of the immunostimulatory functions of dendritic cells in
permissive hosts.

In conclusion, our data show that the L. major surface
glycoconjugate LPG inhibits LC emigration from the skin.
Thus, Leishmania parasites have evolved strategies to interfere

with important host defence pathways at different levels,
impairing not only M¢ but also dendritic cell functions. This
novel finding may help to elucidate the mechanisms by which
defined parasite molecules contribute to survival of the
pathogen in the host.
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