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Murine peritoneal macrophages were infected with living, virulent Leishmania donovani promastigotes. At
intervals after infection, the macrophage surfaces were probed for the expression of lipophosphoglycan (LPG)
epitopes by immunofluorescence with anti-LPG monoclonal antibodies. A repeating phosphorylated disaccha-
ride epitope of LPG was detected as early as 5 to 10 min postinfection and was initially localized to the
immediate area of internalization of the promastigote into the macrophage. The epitopes were evenly
distributed over the entire macrophage surface by 25 min postinfection. Treatments which inhibited
macrophage phagolysosomal degradation processes had no effect on epitope expression, whereas reagents that
affected macrophage membrane flow and, thus, phagocytosis drastically reduced or abolished expression.
Purified LPG or phosphoglycan, the delipidated form of the LPG molecule, was also shown to bind to a variety
of different cell types in a temperature-independent manner. Since LPG has been implicated as having an
immunoprotective role in leishmaniasis, these results suggest a further mechanism(s) by which Leishmania
LPG might be involved in parasite pathogenicity and virulence.

Leishmania parasites are protozoans which have a dige-
netic life cycle. The parasites alternate between promasti-
gotes that reside within the sandfly vector and obligate
intracellular amastigotes that live in the phagolysosomes of
host macrophages.
The major leishmania cell surface glycoconjugate is li-

pophosphoglycan (LPG), which has been reported to exist
on the surface of promastigotes (23) and possibly amasti-
gotes (19). It has been estimated that there are approxi-
mately 1.25 x 106 LPG molecules on the surface of a single
Leishmania donovani promastigote (13). This abundance
and the presence of LPG throughout the two life-cycle stages
of the parasite suggest that LPG plays an important role in
the biology of Leishmania organisms and the infections they
cause. A variety of activities and functions for LPG have
been experimentally demonstrated or at least suggested.
These include involvement in attachment of promastigotes
to the host macrophage (6), as a protection factor for the
parasite within the phagolysosomal system of the host (re-
viewed in reference 22), and as a recognition molecule for
the T-lymphocyte-dependent immune responses character-
istic of leishmaniasis (11, 12).

Recently, the structure of L. donovani LPG was deter-
mined (13, 23, 24). LPG is a tripartite molecule consisting of
a polymer of repeating phosphorylated Gal-,1,4-Man disac-
charide units linked via a phosphohexasaccharide core (con-
taining three Gal residues, two Man residues, and one

unacetylated glucosamine residue) to a novel lyso-1-O-alkyl-
phosphatidylinositol anchor (see Fig. 1). Similar but immu-
nologically distinct glycoconjugates have been reported for
all Leishmania species so far examined (reviewed in refer-
ence 22).

Several research groups have demonstrated the presence
of Leishmania glycoconjugates on the surfaces of Leish-
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mania-infected macrophages by using monoclonal antibod-
ies (MAbs) in indirect immunofluorescence assays (6, 25). In
one study (25), the authors suggested that the Leishmania
braziliensis panamensis major surface glycoconjugate was
not expressed on the surfaces of murine peritoneal macro-
phages infected in vitro until at least 6 h postinfection (p.i.).
These results imply that the molecule had an intracellular
origin and that the surface-exposed antigen represented a
breakdown product generated via phagolysosomal degrada-
tion and recycling events. The other study demonstrated that
a macrophage cell line bound an extracellular form of the
predominant surface glycoconjugate of Leishmania major
promastigotes (6).

In previous work, we used LPG-specific MAbs for analy-
sis of the immunochemical structure of L. donovani LPG
and for the determination of LPG epitope arrangement on
the promastigote cell surface (20). In that study we demon-
strated that an anti-LPG MAb (CA7AE) bound specifically
to the repeating phosphorylated disaccharide epitope of the
LPG molecule. Here, we demonstrate that the repeating
disaccharide epitope of L. donovani LPG appears on the
surfaces of infected macrophages as early as 5 to 10 min p.i.
and that phagolysosomal degradation processes are not
necessary for surface expression to occur.

Antigen presentation by accessory cells to T lymphocytes
is central to the induction and maintenance of cell-mediated
immune responses. Our findings suggest a mechanism by
which L. donovani parasites could present a specific parasite
antigen to host T lymphocytes early in infection and suggest
the possibility of directing a protective immune response to
a defined structure which does not require antigen process-
ing.

MATERIALS AND METHODS
Murine peritoneal macrophages. Five milliliters of RPMI

1640 medium (GIBCO, Grand Island, N.Y.) containing 10%
heat-inactivated fetal bovine serum, 5 x 10-2 M 2-mercap-

3500

INFECTION AND IMMUNITY, Nov. 1990, p. 3500-3507
0019-9567/90/113500-08$02.00/0
Copyright C 1990, American Society for Microbiology



LPG EPITOPE ON L. DONOVANI-INFECTED MACROPHAGES 3501

toethanol, and 0.1% gentamicin (complete medium) was
injected into the peritoneal cavity of 8- to 12-week-old
female BALB/c mice. After gentle peritoneal massage, the
peritoneal exudate was removed and the body cavity was
washed twice with phosphate-buffered saline (PBS) contain-
ing 0.34 M sucrose to remove residual membrane-attached
macrophages. The cells were pelleted by centrifugation at
400 x g for 10 min, washed once, and suspended at 2 x 105
cells per ml in complete medium. Macrophage monolayers
were prepared by incubating the macrophage suspension on
acid-cleaned 12-mm glass cover slips in 24-well tissue culture
plates (Becton Dickinson, Lincoln Park, N.J.). Each cover
slip received 105 macrophages in 0.5 ml of complete medium.
Cells were allowed to adhere for 2 h at 37°C, and the cover
slips were washed twice with complete medium to remove
nonadherent cells.
Other cells. A doubly cloned hybridoma cell line (TC45/

491) which secretes a MAb specific for a procyclinlike
molecule on Trypanosoma congolense procyclic culture
forms (R. P. Beecroft and T. W. Pearson, unpublished data)
was used both as a source of MAb and as an experimental
cell line in LPG-binding experiments. Thymocytes were
obtained from 6-week-old female BALB/c mice. A Gibbon
lymphoma line (MLA 144) (14) was obtained from Larry
Anthony, Victoria, British Columbia, Canada. Mouse con-
nective tissue fibroblasts (NTC 929, a clone of strain L) were
originally obtained from the American Type Culture Collec-
tion, Rockville, Md., and were also provided by Larry
Anthony. All cell types were maintained in complete me-
dium as described above.

Parasites. L. donovani LD3 promastigotes represent a
recent hamster-passaged, higher infective clone of L. dono-
vani 1S2D (4). Trypanosoma brucei rhodesiense ViTat 1.1
cloned procyclic culture forms have been described else-
where (16). All parasites were grown at 26°C in SM medium
(3) containing 5% heat-inactivated fetal bovine serum. They
were transferred to complete medium at 37°C for the infec-
tion experiments (see below).
MAbs. The derivation and characterization of the murine

anti-LPG MAbs CA7AE, L157, and L98 (20) and the an-
tiprocyclin MAb TBRP1.247 (15, 16) have been described
previously.
LPG and PG. LPG from L. donovani was extracted,

purified, and quantitated by phosphate analysis as described
previously (13). Phosphoglycan (PG), the delipidated form of
LPG, was derived by treating LPG with phosphatidylinosi-
tol-specific phospholipase C for 16 h at 37°C as described
elsewhere (13), except that no detergent was added.

Immunofluorescence. Indirect immunofluorescence was
performed to detect LPG epitopes on macrophages and
other cell types that had been incubated with L. donovani
LD3 promastigotes, LPG, or PG. Similarly, L. donovani-
infected macrophage populations with or without various
treatments to affect macrophage functions (see below) were
assayed by indirect immunofluorescence. Ascites fluids con-
taining the anti-LPG MAb CA7AE, L157, or L98 or the
antiprocyclin MAb TBRP1.247 were used as the first anti-
body at a dilution of 1/2,000 at 4°C for 30 min. After three
washes, the cells were incubated for 30 min at 4°C with a
1/200 dilution of affinity-purified goat anti-mouse immuno-
globulin G plus immunoglobulin M conjugated to fluorescein
isothiocyanate (Caltag, South San Francisco, Calif.). Fi-
nally, the cells were washed three times prior to making
permanent slides with polyvinyl alcohol (molecular weight,
10,000; Sigma Chemical Co., St. Louis, Mo.) (5) containing
a fluorescence-fading inhibitor, p-phenylenediamine (Sigma)

(7). Photomicrographs were taken with a Zeiss standard
binocular microscope fitted with a Planopro 100/1.3 oil
immersion objective and a 35-mm photomicrographic cam-
era.

Infection of macrophages. Promastigotes harvested in the
late-log to stationary growth phases were used to infect
cultures of adherent macrophages on glass cover slips at a
ratio of 10 parasites to 1 macrophage. Infection was per-
formed at 37°C, and at several intervals all nonattached or
extracellular organisms were removed by washing with
ice-cold PBS containing 5% fetal bovine serum and 1%
D-glucose. The cells were assayed for surface LPG epitopes
by indirect immunofluorescence with anti-LPG MAbs.

Inhibition of macrophage phagocytic and phagolysosomal
functions. Adherent macrophages were treated with various
protocols to inhibit or eliminate their phagocytic and phago-
lysosomal degradation functions. All methods involved the
pretreatment and/or simultaneous treatment of the macro-
phages as outlined below. Promastigotes were added at a
ratio of 10 parasites to 1 macrophage, and the cultures were
incubated for 0.5, 2, 7, or 20 h p.i. without removal of the
parasite population. At these times, macrophages were
analyzed for LPG epitope expression by indirect immuno-
fluorescence. All experiments were repeated at least three
times.
The effects of proteases (50 ,ug of trypsin or 250 jig of

proteinase K per ml; Sigma) on the ability of macrophages to
bind and then internalize promastigotes were examined.
Macrophages were washed extensively with PBS containing
1% D-glucose and incubated in 0.5 ml of the same buffer
containing either trypsin or proteinase K for 15 min at room
temperature. The macrophages were washed to remove all
residual protease and were immediately incubated with
promastigotes in complete medium for various times.
For assays with Formalin-fixed macrophages or promas-

tigotes, the cells were washed twice in PBS, suspended in
0.5 ml of a 0.5% Formalin solution, and incubated at room
temperature for 30 min. The fixative was removed by exten-
sive washing in PBS and then in complete medium. The
infection protocol was performed as outlined above.
To examine the effects of inhibiting the polymerization of

cytoskeletal components on membrane transport events and
thus parasite attachment and uptake, incubated macro-
phages in complete medium containing 10 ,ug of cytochalasin
B or D per ml (in a final concentration of 1% dimethyl
sulfoxide; Sigma) for 30 min prior to the addition of parasites
as well as during the designated period of infection. As a
negative control, macrophages were incubated under the
same conditions in complete medium containing 1% di-
methyl sulfoxide.

Colchicine (10 ,ug/ml; Sigma) was used to study the effects
of an inhibitor of microtubule polymerization on parasite
attachment and uptake. The procedure used was identical to
that used for the cytochalasin treatment.
The lysosomotropic agents chloroquine (0.1 mM; Sigma)

and ammonium chloride (10 mM; Fisher Scientific Co., Fair
Lawn, N.J.) were used in a protocol identical to that used for
the cytochalasins.
To determine whether an anti-LPG MAb could inhibit

parasite attachment and/or the expression of LPG epitopes
on the macrophage cell surface, we incubated macrophages
with a 1/40,000 dilution of the anti-LPG MAb CA7AE (to
prevent the extensive agglutination of promastigotes that is
characteristic of this MAb at lower antibody dilutions) under
conditions identical to those used for the cytochalasins. The
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FIG. 1. Schematic representation of the structure of L. donovani LPG (4). The molecule is a polymer of repeating phosphorylated Gal-
131,4-Man disaccharide units linked via a phosphosaccharide core (containing three Gal residues, two Man residues, and one unacetylated
glucosamine residue) to a novel lyso-alkylphosphatidylinositol (Lyso-PI) anchor.

antiprocyclin MAb TBRP1.247 (15, 16) was used as a nega-
tive control.
LPG epitope expression on the surfaces of different cell

types. A selection of different living cells was incubated with
50 ,ug of LPG or PG at 4 or 37°C, either as adherent
populations (macrophages and fibroblasts) or as suspension
cultures (hybridomas, lymphomas, and thymocytes), for 2 h.
The cells were washed extensively with PBS containing 5%
fetal bovine serum and subsequently assayed for the pres-
ence of LPG or PG epitopes on the cell surface by indirect
immunofluorescence. Alternatively, cells were incubated
with leishmania promastigotes or procyclic culture forms of
African trypanosomes at a 10:1 parasite/cell ratio as de-
scribed above.

RESULTS

Expression of a specific LPG epitope on the surfaces of
murine macrophages. Murine macrophages were incubated
in vitro with L. donovani promastigotes or with purified L.
donovani LPG or PG. At 20 h p.i., the macrophage cell
surface was probed for the presence of LPG epitopes with
three anti-LPG MAbs. The epitopes within the LPG mole-
cule recognized by these MAbs have been previously de-
scribed (20). Briefly, two of the MAbs, L157 and L98,
recognized the core region of the LPG molecule, while MAb
CA7AE bound to the phosphorylated disaccharide repeat
region (Fig. 1). The epitope recognized by MAb CA7AE and
its surface orientation are shown schematically in Fig. 2.
Neither of the anti-core MAbs nor the antiprocyclin MAb
TBRP1.247 bound to the L. donovani-infected or LPG- or
PG-pulsed macrophages. In contrast, MAb CA7AE bound
strongly to the entire surface of macrophages incubated with
L. donovani promastigotes (Fig. 3D). Similar binding was
seen when the macrophages were incubated with purified
LPG or PG (Fig. 3B and C). None of the MAbs bound to the
control (uninfected) macrophages (Fig. 3A).

Kinetics of LPG epitope expression. Our initial experiments
involved incubation of L. donovani promastigotes with mac-

rophages for 2 h and examination of the macrophage surface
for LPG epitope expression at 20 h p.i. In addition, macro-
phages were incubated with L. donovani promastigotes for 2
h and immediately tested for LPG epitope expression. The
fluorescence intensity exhibited at 2 h p.i. was as strong as

that exhibited at 20 h p.i. We therefore assayed the macro-
phage surface at 5-min intervals over a 2-h period after
infection with L. donovani promastigotes (Fig. 4). The
CA7AE epitope was detected on the surfaces of infected
macrophages as early as 5 to 10 min p.i. (Fig. 4B and C).
Initially, fluorescence was specifically localized to the area

of promastigote attachment to the macrophage (Fig. 4B to
D); subsequently, fluorescence was seen to be evenly dis-
tributed over the entire surface of the macrophage within 20
to 25 min p.i. (Fig. 4E and F).
Only those macrophages with attached parasites exhibited

expression of the LPG epitope, in contrast to neighboring
uninfected macrophages, which did not (Fig. 4B, E, and F).

Similar results were observed at all times, even at 20 h p.i.
These results also clearly demonstrated that MAb CA7AE,
of the immunoglobulin M isotype, did not react with the
surface membrane of uninfected macrophages, even when
they were cocultured with leishmania-infected cells.

Expression of LPG epitopes on the macrophage cell
surface was also apparent within 2 h of incubation with
purified LPG or PG but was never localized, as was ob-
served when macrophages were infected with promasti-
gotes. Rather, LPG epitopes appeared to accumulate in an
evenly distributed pattern over the entire macrophage sur-
face. The immunofluorescence intensity increased as the
length of macrophage and LPG or PG incubation increased.

Effect of inhibition of macrophage functions on LPG expres-
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FIG. 2. Schematic representation of L. donovani LPG as it

would appear on the promastigote cell surface. The epitope recog-
nized by MAb CA7AE is indicated by the shaded ribbonlike
structure, which represents the phosphorylated disaccharide repeat
units. Abbreviations: I, inositol; G, carbohydrate core; P, phos-
phate.
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FIG. 3. Indirect immunofluorescence of murine macrophages with anti-LPG MAb CA7AE. Macrophages were incubated wtih promas-

tigotes for 2 h and assayed at 20 h p.i. or, alternatively, incubated with purified LPG or PG for 20 h and assayed. (A) Uninfected macrophages.
(B) Macrophages incubated with purified LPG. (C) Macrophages incubated with purified PG. (D) Macrophages incubated with L. donovani
promastigotes. Magnification, x660.

sion. Macrophages were treated under conditions which
affect phagocytic and phagolysosomal processing events
(Table 1). The values in Table 1 represent the number of
macrophages exhibiting immunofluorescence per 100 total
macrophages. As demonstrated by the population of un-
treated macrophages, the number of parasites bound (and
the number of macrophages subsequently expressing LPG
epitopes) was seen to increase over time.
Reagents such as ammonium chloride or chloroquine had

no effect on LPG epitope expression on L. donovani-in-
fected macrophages. These chemicals interfere with phago-
lysosomal antigen degradation processes by increasing the
lysosomal pH, resulting in the depression of acid hydrolase
activity. Similar results were seen with colchicine treatment,
which inhibits microtubule polymerization.

Formalin-fixed promastigotes, when incubated with nor-
mal macrophages, were still able to transfer LPG epitopes to
the macrophage surface. Formalin-fixed promastigotes are

able to bind the anti-LPG MAb CA7AE as strongly as are
living organisms (D. L. Tolson, unpublished observations).
The incubation of Formalin-fixed promastigotes with macro-
phages resulted in immunofluorescence patterns similar to
those observed with untreated promastigotes. In contrast,
treatments (decreased temperature, the addition of cytocha-
lasin B or D, or mild fixation of macrophages with Formalin)
which inhibited membrane flow and, thus, phagocytosis
resulted in the abolition or drastic reduction of LPG epitope
expression.

Pretreatment of the macrophage population with trypsin
or proteinase K significantly reduced or abolished promas-
tigote binding and, thus, LPG epitope expression up to and
including 30 min p.i. From 2 h p.i. on, however, protease-
treated macrophages expressed LPG epitopes at levels sim-
ilar to those seen in untreated infected macrophages. No
fluorescence was seen when uninfected protease-treated
macrophages were assayed with MAb CA7AE or when
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FIG. 4. Temporal expression of LPG epitopes on the surfaces of L. donovani-infected murine macrophages as detected by immunoflu-

orescence. (A) 0 min p.i. (B) 5 min p.i. (C) 10 min p.i. (D) 15 min p.i. (E) 20 min p.i. (F) 25 min p.i. (G) 30 min p.i. (H) 35 min p.i. Magnification,
x700.

infected protease-treated macrophages were assayed with
the antiprocyclin MAb TBRP1.247. That the proteases were
active was confirmed by treating procyclic trypanosomes
with trypsin or proteinase K. The treated trypanosomes did
not show fluorescence after incubation with MAbs that
detect surface epitopes on the trypanosome glycoprotein
procyclin (15). L. donovani promastigotes treated with either
trypsin or proteinase K bound the anti-LPG MAb CA7AE as
well as untreated parasites did when assayed by indirect
immunofluorescence (D. L. Tolson, unpublished observa-
tions). The treated macrophages were judged by light mi-
croscopy to be viable at all times.

Binding of LPG epitopes to different cell types. Several cell

types were tested at 37 or 4°C (to inhibit membrane flow) for
their ability to express LPG epitopes when incubated with
living promastigotes, LPG, or PG (Table 2). Promastigote-
derived LPG epitopes were expressed only on parasite-
infected macrophages and only at 37°C. None of the other
cell types examined expressed LPG epitopes after incuba-
tion with living parasites. However, all of the cell types
tested strongly bound LPG or PG and did so at either 4 or
37°C. Strong antibody-induced agglutination was exhibited
by cells that were tested as suspension cultures (i.e., hybrid-
omas, thymocytes, and lymphomas). None of the cells
assayed with the antiprocyclin MAb TBRP1.247 showed any
fluorescence.

INFECT. IMMUN.



LPG EPITOPE ON L. DONOVANI-INFECTED MACROPHAGES 3505

TABLE 1. LPG epitope expression on the surfaces of
L. donovani-infected macrophages (MOs) after

various treatmentsa

No. of MOs/100 MOs exhibiting
fluorescence at:

Treatment
30 min 2 h 7 h 20 h

p.i. p.i. p.i. p.i.

None (untreated cells) 14 45 64 86
Uninfected MOs 0 0 0 0
MOs at 4°C 0 0 0 0
Trypsin + MOs 6 45 65 88
Proteinase K + MOs 0 36 68 86
Formalin-fixed MOs 0 0 0 0
Formalin-fixed promastigotes 20 48 70 90
Colchicine + MOs 13 39 53 60
NH4Cl + MOs 11 32 59 87
Chloroquine + MOs 16 49 56 73
Cytochalasin D + MOs 0 4 8 6
Cytochalasin B + MOs 0 5 11 20
Anti-LPG MAb CA7AE + MOs 16 52 73 96

a The results from one of two experiments are shown. Both experiments
gave similar results.

DISCUSSION
In this study, murine peritoneal macrophages expressed

on their surfaces an LPG epitope after infection with L.
donovani promastigotes or after incubation with purified L.
donovani LPG or PG. The epitope recognized by the iden-
tifying MAb, CA7AE, has previously been shown to be a
phosphorylated Gal-,1,4-Man disaccharide unit (20)-the
base unit of the carbohydrate repeat moiety of LPG from L.
donovani promastigotes. Since neither of the anti-LPG core
MAbs bound to the surfaces of infected or antigen-pulsed
macrophages, a result similar to that observed with these
two MAbs and promastigote cell surfaces (20), the LPG and
PG molecules are probably expressed on the macrophage
membrane in an orientation similar to that found on the
promastigote cell surface.

Purified LPG or PG, the delipidated form of the LPG
molecule, also bound to a variety of other cell types in a

TABLE 2. Expression of LPG epitopes on the surfaces
of different cell types incubated with L. donovani promastigotes

or purified LPG or PG for 2 h as determined by
indirect immunofluorescence

Immunofluorescencea of the following cell type:
Temp
(OC) Antigen Macro- Fibro- Hybri- Thymo- Lym-

phages blasts domas cytes phomas

37 L. donovani +
LD3 pro-
mastigotes

LPG + + + + +
PG + + + + +
None

4 L. donovani
LD3 pro-
mastigotes

LPG + + + + +
PG + + + + +
None

a +, Strong immunofluorescence observed over the entire cell surface; -,
no immunofluorescence. For the suspension cultures (hybridomas, thymo-
cytes, and lymphomas), extensive agglutination was also exhibited.

temperature-independent manner. This result suggests that
passive incorporation into the host cell membrane does not
require the lipid anchor of LPG. Recently, the incorporation
of Chlamydia trachomatis lipopolysaccharide into host cell
membranes was found to be independent of host cell type
(8). In contrast, purified membrane-form T. brucei variant
surface glycoprotein (which has a glycolipid anchor) bound
sheep erythrocytes, whereas purified soluble variant surface
glycoprotein (which has lost the glycolipid anchor) did not
(17).
LPG epitope expression occurred at the initial area of

parasite-macrophage attachment within 5 to 10 min p.i. By
35 min p.i., LPG epitopes were displayed over the entire
macrophage surface. These observations contrast markedly
with those reported previously (25) which suggested that the
L. braziliensis panamensis major surface glycoconjugate did
not appear on the macrophage membrane until several hours
after parasitization. However, it should be noted that the
exact identity of this glycoconjugate was not determined. A
similar observation was made with Chiamydia trachomatis-
infected cells: the lipopolysaccharide antigen from these
microorganisms was not detectable on the macrophage sur-
face by an anti-chlamydia lipopolysaccharide MAb until
about 24 h p.i. (8). These previous results support the idea
that the L. braziliensis panamensis and C. trachomatis
glycoconjugates detected on the cell surfaces were of intra-
cellular origin. A similar hypothesis was proposed for L.
major glycoconjugate expression on macrophages (6).
A recent review outlined four possible pathways for

handling and presentation by accessory cells (including
macrophages) of antigens which were membrane-bound,
intracellular, or excretory-secretory molecules (9). These
pathways were as follows. (i) Soluble excretory-secretory
antigens are taken up after specific binding or fluid-phase
pinocytosis and then processed. (ii) Host cell proteases
cleave cell surface molecules to liberate soluble antigens,
which then follow pathway i. (iii) Degradation within host
cell phagolysosomal compartments disrupts parasite mem-
brane integrity, allowing parasite antigens to be recycled to
the macrophage membrane in a processed form. (iv) Cell
membrane antigens may be sloughed off or directly trans-
ferred onto the host cell surface during parasite attachment
and internalization. Since we observed LPG epitopes on the
macrophage cell surface within 5 to 10 min of infection and
since they were initially localized to the area of promastigote
attachment, we suggest that the L. donovani LPG made its
way to the surfaces of infected macrophages via pathway iv.
Presumably, LPG epitope accumulation on the macrophage
surface occurs as soon as parasite internalization begins.

This theory is further substantiated by the experiments
which showed that inhibition of macrophage phagolyso-
somal degradation processes had no effect on epitope
expression, while reagents that affected macrophage mem-
brane flow drastically reduced or abolished expression.
Earlier publications (2, 26) clearly indicated that attachment
and internalization of Leishmania parasites were inhibited
by low temperatures, cytochalasins, and mild fixation of
macrophages, demonstrating that parasite uptake was de-
pendent on the integrity of the macrophage phagocytic
mechanisms.

It has been shown previously that LPG can mediate the
attachment of promastigotes to macrophages (reviewed in
reference 18). Our results showed that treatment of macro-
phages with trypsin or proteinase K prior to infection
significantly reduced or abolished LPG epitope expression in
a transient fashion. This result was almost certainly due to
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the inhibition of parasite attachment (D. L. Tolson, unpub-
lished observations). Attachment and, therefore, LPG
epitope expression attained normal levels from 2 h p.i. on,
suggesting that the reexpression and redistribution of the
appropriate L. donovani receptors on macrophages occurred
during this period.
Leishmania organisms are known to release a form of

LPG, termed excreted factor (EF), both in vitro and in vivo
(19); however, the chemical structure of EF and its mecha-
nism of release from promastigotes are currently unknown.
MAb CA7AE binds to L. donovani EF (D. L. Tolson, L. F.
Schnur, and T. W. Pearson, unpublished data). The possi-
bility that L. donovani EF is secreted into the extracellular
fluid and then readsorbed onto the macrophage plasma
membrane can be discounted, at least for the experiments
presented here. Only parasitized macrophages exhibited the
LPG epitope; nonparasitized neighboring macrophages did
not. This exclusivity of epitope expression occurred as late
as 20 h p.i., when the amount of EF in the culture medium
had accumulated to levels easily detectable in a double-
antibody sandwich enzyme-linked immunosorbent assay
with MAb CA7AE (D. L. Tolson, unpublished observa-
tions). Previous work (1), in which L. donovani culture
supernatants (presumably containing EF) were incubated
with uninfected macrophages, produced equivocal results in
that in some experiments no antigen was detectable on the
macrophage surface while in others the macrophage surface
was clearly labeled by anti-L. donovani serum. L. major EF
has been shown to accumulate on the surfaces of macro-
phages (6). However, in that study the authors incubated the
macrophages with a glycoconjugate purified from a culture
medium that was 10-fold more concentrated than the late-
log-phase growth medium from which the glycoconjugate
was obtained-a situation unlikely to reflect the environment
surrounding the macrophage during infection. Also, since
LPG is thought to be released from promastigotes in two
structurally distinct forms (23), one of which binds very

tightly to serum albumin and appears to be similar in
structure to cellular LPG, it may be that the authors merely
concentrated this form to levels sufficient to accumulate on
the macrophage membrane. Alternatively, it is possible that
since L. donovani and L. major have different LPG carbo-
hydrate structures (reviewed in reference 22), they may

utilize different mechanisms for the expression of epitopes
on the macrophage surfaces.
Our results indicate that L. donovani LPG disaccharide

repeat epitopes accumulate on the surfaces of infected
macrophages during parasite penetration. This process does
not require active antigen processing. Epitope incorporation
is not limited to lipid-tail interactions with the bilayer of the
macrophage plasma membrane and may also occur via
interactions between the carbohydrate portion of the LPG
molecule and host cell receptors, such as the integrins, that
are present on many cells, including macrophages. These
results do not, however, discount the possibility that proc-

essed LPG epitopes could also contribute to the expression
of LPG epitopes exhibited on the macrophage surface as

infection proceeds. We have also observed that while intra-
cellular amastigotes do not appear to express the epitope
recognized by MAb CA7AE (determined by immunofluores-
cence on acetone-permeabilized leishmania-infected macro-

phages), there does seem to be an accumulation of residual
promastigote LPG surrounding the amastigotes within the
phagolysosomal vacuole as late as 5 to 6 days p.i. (D. L.
Tolson and T. W. Pearson, unpublished observations).
The mechanism by which leishmanial parasites are killed

is thought to be by T-lymphocyte recognition of the infected
macrophage and subsequent lymphokine-induced oxidative
leishmanicidal activity of the macrophage (reviewed in ref-
erence 10). Whether carbohydrate epitopes, such as those of
LPG, are recognized by T cells has been a contentious issue
with immunologists. However, LPG has been implicated in
T-cell immunity (11, 12). Indeed, recent evidence suggests
that phosphorylated carbohydrate epitopes of the LPG mol-
ecule are capable of stimulating T lymphocytes of the CD4+
CD8- phenotype (A. Jardim, D. L. Tolson, S. J. Turco,
T. W. Pearson, and R. W. Olafson, submitted for publica-
tion). Also, we have recently demonstrated that murine
macrophages either infected with L. donovani promastigotes
or pulsed with purified LPG are able to stimulate LPG-
primed T cells in vitro (D. L. Tolson, A. Jardim, S. J. Turco,
H. Teh, R. W. Olafson, and T. W. Pearson, submitted for
publication). Therefore, understanding the mechanism by
which promastigote LPG is transferred to macrophage mem-
branes during parasitization could provide insight into the
mechanisms involved in the pathogenesis and immunology
of leishmaniasis. LPG molecules incorporated into the mac-
rophage plasma membrane could alter the antigenic proper-
ties of the host cell, resulting in the preferential triggering of
specific T-cell phenotypes and leading to resolution or
exacerbation of the disease. Alternatively, membrane-incor-
porated LPG molecules could disrupt macrophage metabolic
and/or functional properties, resulting in parasite evasion of
the macrophage leishmanicidal mechanisms. Interestingly,
L. donovani LPG has recently been proposed to play an
important protective role for the parasite by effectively
disarming the oxidative burst of the macrophage (reviewed
in reference 22). Studies to determine the role of LPG
epitopes in parasite intracellular survival and in macro-
phage-T-cell interactions are currently under way.
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