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Candida albicans b-1,2-oligomannosides stimulate macrophage tumor necrosis factor alpha (TNF-a) but not
NO release. This stimulation desensitized macrophages by altering b-1,2-oligomannoside-dependent TNF-a
production and lipopolysaccharide-dependent TNF-a and NO secretion. Desensitization was not related to
tyrosine phosphorylation signal transduction but was transferred by culture supernatants in which arachi-
donic acid derivatives were evidenced.

During the course of infection, Candida albicans disregu-
lates the immune system (8), namely by altering macrophage
functions (7, 20). It suppresses nitric oxide (NO) production by
murine peritoneal macrophages stimulated by gamma interfer-
on or bacterial lipopolysaccharide (LPS) (5). Although these
results have pathophysiological relevance (26), the nature of
C. albicans molecules responsible for either stimulation or
suppression of macrophage activities has not been investigated
yet.

Desensitization leading to suppression of macrophage func-
tions in response to a second stimulation is generally a prop-
erty of microbial molecules which act as macrophage major
stimulants (6, 31). The prototypic example of microbial stim-
ulants presenting these activities is the bacterial LPS. Among
fungi, the cryptococcal capsular polysaccharide has been
shown to display down-regulating activities concerning tumor
necrosis factor alpha (TNF-a) and interleukin 1b (IL-1b) se-
cretion (14, 28).

C. albicans yeast cells stimulate TNF-a production (12, 16),
and different C. albicans-derived molecules have been shown
to maintain these capacities (9, 11, 27). All these molecules
display a polysaccharidic moiety presenting b-1,2-oligomanno-
sides (25), a special type of sugars first described in the acid-
labile fraction of the C. albicans cell wall phosphopeptido-
mannan (22). The b-1,2-oligomannosides are able per se to
stimulate TNF-a production (13). This stimulation depended
on the oligomer size, and the mannotetraose was the minimal
C. albicans-derived molecular entity displaying TNF-a-induc-
ing properties. With the aim of exploring the molecular mech-
anisms responsible for down-regulation of macrophage func-
tions by C. albicans, we used this C. albicans-derived b-1,2
mannotetraose in a series of experiments (whose principle is
shown in Fig. 1) with the J774 macrophage cell line.

Cells were incubated with 50 mM b-1,2-mannotetraose pu-
rified from the cell wall of the VW32 strain of C. albicans
(serotype A) as previously described (13). The effect on cell
stimulation was first compared to that obtained with 1 mg of
LPS per ml from Escherichia coli (0111B4). The cell response
was examined through the measurement in the cell-free super-
natants of TNF-a by using the L929 lytic bioassay (13). Com-

parable amounts and kinetics of TNF-a production were ob-
tained with both stimuli: cytokine production peaked after 4 to
5 h of stimulation with values of 6.6 6 3.0 and 6.7 6 3.0 ng/ml
upon b-1,2-oligomannoside and LPS stimulation, respectively,
and decreased to an undetectable amount after 12 to 15 h.
LPS-dependent cytokine induction involved signal transduc-
tion pathway based upon tyrosine phosphorylation (19). Treat-
ment 2 h before addition of b-1,2-oligomannosides with the
protein tyrosine kinase (PTK) inhibitor herbimycin A result-
ed in a dose-dependent inhibition of the TNF-a release in cell
supernatants, 100% inhibition being obtained with 1 mg of
herbimycin per ml. Nonetheless, stimulation with b-1,2-oligo-
mannosides differed from the LPS-dependent stimulation. Al-
though addition of 1 mg of LPS per ml to the cells led to a
nitrite release detectable after a 12-h incubation and reached a
maximum production after a 24-h incubation, it was not pos-
sible to detect NO production by the cells stimulated with
b-1,2-oligomannosides, even after 48 h of incubation.

Whether incubation with b-1,2-oligomannosides led to a de-
sensitization of the cells was therefore investigated (Fig. 1A).
After a first stimulation similar to that applied as above, cells
were washed to eliminate residual cytokine (and oligomanno-
sides) and cultured in fresh medium. A second stimulation with
either b-1,2-oligomannosides or LPS was then attempted, and
after a further 5-h incubation corresponding to the time nec-
essary to gain cytokine production, the amount of TNF-a re-
leased into the supernatants was determined. Compared to the
control cells incubated in the same conditions but with medium
alone, preincubation of cells with b-1,2-oligomannosides re-
sulted in a strong inhibition of TNF-a release upon a second
stimulation. This effect was evidenced both in the case of a
second stimulation with LPS (74%; P , 0.05; n 5 3) and with
b-1,2-oligomannosides (81%; P , 0.05; n 5 3). b-1,2-Oligo-
mannoside-dependent desensitization also altered the NO pro-
duction obtained after stimulation with LPS. The cells pre-
treated with 50 mM b-1,2-oligomannosides produced amounts
of NO in response to LPS that were lower than those produced
by cells preincubated with medium alone (58 6 5 mM versus
34 6 4 mM, respectively; P , 0.05 by the Student’s t test). Thus,
b-1,2-oligomannosides exert an inhibitory effect on the level of
at least two cell activities, viz., cytokine production and NO
release.

To investigate the mechanism of the b-1,2-oligomannoside-
induced reprogramming we observed, we first studied whether
the secondary desensitization could be altered if the signals
involved in the first stimulation had been inhibited (Fig. 1A).
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Faculté de Médecine H. Warembourg, Pôle Recherche, Place Verdun,
59037 Lille, France. Phone: (33) 3 20 47 26 29. Fax: (33) 3 20 47 26 25.
E-mail: tjou@worldnet.fr.

965



Since b-1,2-oligomannoside-dependent stimulation involved
PTK, we treated cells with 1 mg of herbimycin A per ml prior
to the addition of the b-1,2-oligomannosides (50 mM). After
12 h, the cells were washed and cultured in fresh medium for
36 h as above. A second stimulation with the b-1,2-oligoman-
nosides (50 mM) was then made, and the resulting TNF-a
production was examined after 5 h. As a control, the capability
of cells pretreated with herbimycin A to produce TNF-a with-
out a first stimulation was examined. In this case, the cells were
able to respond to the late stimulation, showing that herbimy-
cin A treatment was inefficient for altering the cell response to
the second stimulation. Although this PTK inhibitor signifi-
cantly inhibits b-1,2-oligomannoside-dependent stimulation
leading to TNF-a production, this treatment did not prevent
down-regulation following multiple stimulations of the cells.
Similar results have been obtained by West et al. (29), who
have shown by using comparable approaches that the LPS-
induced reprogramming was not related to a tyrosine phos-
phorylation-dependent pathway.

We then investigated whether the inhibitory effect we ob-
tained after culturing the cells in the presence of b-1,2-oligo-
mannosides could be related to the secretion of products in
the cell-free supernatants of the b-1,2-oligomannoside-con-
ditioned cells. Cells were thus incubated with different concen-
trations of b-1,2-oligomannosides. After 18 h, culture super-
natants were collected (Fig. 1B). These conditioned media did
not contain b-1,2-oligomannosides, since they did not lead to
the production of TNF-a by fresh cells. Moreover, these media
did not contain TNF-a, since they did not display any L929

lytic activities. Fresh cells were therefore incubated with these
conditioned media for different periods of time before addi-
tion of LPS. Conditioned media from b-1,2-oligomannoside-
treated cells gave rise to a strong inhibition of LPS-dependent
TNF-a production by fresh cells (Fig. 2). This effect depended
on the amount of b-1,2-oligomannosides used for producing
the media, with a maximal effect observed for media from cells
incubated with 50 mM b-1,2-oligomannosides. This inhibition
also depended on the time of incubation of the cells with
conditioned media before addition of the LPS, with a maximal
effect (72% inhibition compared to cells incubated with LPS
but in the absence of b-1,2-oligomannosides; P , 0.05; n 5 3)
obtained when conditioned media were added to the cells
together with the LPS.

Several monocyte-derived immunomodulators that inhibit
macrophage functions have been described (1, 15). Levitz et al.
(15) have demonstrated that addition of either exogenous
IL-10 or transforming growth factor b to human peripheral
blood mononuclear cells inhibited C. albicans-induced TNF-a
production by these cells. However, although not determined,
the mechanism of C. albicans-induced inhibition of nitric oxide
production by LPS-stimulated murine macrophages did not
involve these immunosuppressive cytokines (5). Moreover,
even though C. albicans cell wall mannoproteins with b-1,2-
oligomannosides in their structure have been described as po-
tent TNF-a inducers (25), they appear unable to stimulate cells
to produce cytokines such as IL-10 (2).

Arachidonic acid (AA) derivatives represent another impor-
tant immunoregulator family whose release is induced by sev-

FIG. 1. Experimental design used in the study.
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eral microorganisms, including C. albicans. AA derivatives ex-
ert their immunosuppressive effects on different target cells,
including B, T, and myeloid cells (17). Abnormal amounts of
these immunoregulators have been shown to be produced in
response to C. albicans infection (18), and their involvement in
a disregulation of the immune response during the course of
the infection has been demonstrated (30). It has already been

evidenced that C. albicans cell wall phosphopeptidomannan
stimulates the release of such lipid mediators by macrophages,
and a participation in this process of the acid-labile fraction of
the mannan has been suggested but not demonstrated (4). AA
derivative synthesis has been reported to be independent of
tyrosine phosphorylation but involves phosphorylation of se-
rine proteins (21). Altogether, these observations led us to
hypothesize that b-1,2-oligomannoside-induced desensitiza-
tion of macrophages could be related to the secretion of such
mediators by macrophages. [3H]AA-loaded J774 cells were
incubated with medium alone or with different doses of either
b-1,2-oligomannosides or LPS, which was used as a positive
control for stimulation. After various incubation times over a
24-h period, culture supernatants were collected and the cor-
responding cells were extracted. As expected (24), when cells
were stimulated with 0.1 mg of LPS per ml, significant amounts
of [3H]AA were detected as soon as 6 h after incubation and
reached a plateau corresponding to 50% of the total radio-
activity after 24 h of incubation (Fig. 3A). Spontaneous release
of [3H]AA did not exceed 10% of the total radioactivity. In
contrast, 18 h of incubation with b-1,2-oligomannosides were
needed to achieve optimal [3H]AA release (Fig. 3A). At this
18-h time point, [3H]AA release depended on the concentra-
tion of oligomannosides added to the cells and reached a
plateau corresponding to 40% of the total radioactivity [(78 6
5) 3 103 cpm; n 5 3] when the cells were incubated with the
highest dose used for stimulation (50 mM) (Fig. 3B). Thus,
macrophages liberate AA-derived products in a concentration-
and time-dependent manner in response to stimulation by
b-1,2-oligomannosides.

Altogether, these results suggest that the down-regulation of
cell activity observed after the cells had been stimulated with
b-1,2-oligomannosides is associated AA release. Further ex-

FIG. 2. Effect of conditioned medium from b-1,2-oligomannoside-stimulated
J774 cells on LPS-induced TNF-a production. Supernatants from J774 cells
incubated for 18 h in the presence of different concentrations of b-1,2-oligo-
mannosides were transferred onto fresh J774 cells for 3 h (■), 1 h (Œ), or 0 h (F)
before addition of LPS. After 5 h of further incubation, TNF-a production in
cell-free supernatants was measured.

FIG. 3. AA release by J774 cells after incubation with b-1,2-oligomannosides. (A) After incorporation of [3H]AA for 2.5 h, radiolabeled cells (5 3 105 cells) were
incubated without stimulus (E) or with 0.1 mg of LPS (■) per ml or 25 mM b-1,2-oligomannosides (F). At different time points, [3H]AA release in the cell-free
supernatants was measured. (B) Radiolabeled cells were incubated for 18 h with different concentrations of b-1,2-oligomannosides. [3H]AA release in the cell-free
supernatants was then determined.
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periments are nevertheless needed to understand the exact
mechanisms involved. However, these data bring to light new
properties for b-1,2-oligomannosides in relation with the grow-
ing body of evidence, demonstrating their important role in the
host-C. albicans interplay (3, 10, 12, 23).
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