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T-cell-mediated immunity is known to play a central role in the host response to Candida albicans. T-cell
clones are useful tools for the exact identification of fungal T-cell epitopes and the processing requirements of
C. albicans antigens. We isolated human T-cell clones from an HLA-DRB1*1101 healthy donor by using an
antigenic extract (MP-F2) of the fungus. Specific clones were T-cell receptor a/b and CD41/CD82 and showed
a T-helper type 1 cytokine profile (production of gamma interferon and not interleukin-4). The large majority
of these clones recognized both the natural (highly glycosylated) and the recombinant (nonglycosylated)
65-kDa mannoprotein (MP65), an MP-F2 minor constituent that was confirmed to be an immunodominant
antigen of the human T-cell response. Surprisingly, most of the clones recognized two synthetic peptides of
different MP65 regions. However, the peptides shared the amino acid motif IXSXIXXL, which may be
envisaged as a motif sequence representing the minimal epitope recognized by these clones. Three clones
recognized natural and pronase-treated MP65 but did not detect nonglycosylated, recombinant MP65 or the
peptides, suggesting a possible role for polysaccharides in T-cell recognition of C. albicans. Finally, lympho-
blastoid B-cell lines were efficient antigen-presenting cells (APC) for recombinant MP65 and peptides but
failed to present natural, glycosylated antigens, suggesting that nonprofessional APC might be defective in
processing highly glycosylated yeast proteins. In conclusion, this study provides the first characterization of C.
albicans-specific human T-cell clones and provides new clues for the definition of the cellular immune response
against C. albicans.

Fungal opportunistic infections, in particular, those caused
by Candida species, have gained considerable significance as a
cause of morbidity and mortality. Mucosal candidiasis is fre-
quent in immunocompromised patients, especially those in-
fected by the human immunodeficiency virus or those affected
by idiopathic CD41 T lymphocytopenia (6, 15, 34, 44), while
deep-seated candidiasis is highly prevalent in neutropenic,
bone marrow transplant patients (28, 30, 53). Finally, a large
incidence of vaginal infection by Candida is recorded in oth-
erwise healthy women of premenopausal age (24).

Although some controversy exists about the final effector
mechanisms of anti-Candida protection (9, 45, 46), cellular
immune responses, in particular, those relying on or regulated
by T lymphocytes, are generally considered of utmost impor-
tance for the induction of a protective state. In particular, this
notion has been well established with experimental models of
infection with Candida albicans, the most pathogenic species of
the genus. This fungus is an ordinary human commensal, ca-
pable in this state of inducing persistent humoral and cellular
responses in healthy subjects, as witnessed by the presence of
antibodies against various cell surface constituents, intense
proliferative responses of peripheral blood mononuclear cells

(PBMC), and delayed-type hypersensitivity following stimula-
tion with Candida antigens (24). All these responses are rep-
resentative of an active immunization state. Thus, oral candi-
diasis in human immunodeficiency virus-infected subjects is
believed to be caused by the acquired T-lymphocyte deficiency,
and the onset of mucosal candidiasis in these patients is closely
related to both numerical and functional decreases in CD41 T
lymphocytes (6, 15, 31, 37, 44, 51).

Human T-cell lines and T-cell clones (TCC) specific for C.
albicans have rarely been generated and described in the lit-
erature (29, 33), although they could be useful tools in the
study of immune responses to Candida. TCC could provide
direct clues about the nature and requirements for antigen
processing of complex natural glycoconjugates, such as the
mannoproteins, which are major T-cell antigens of this fungus
(10, 12, 27, 52). They could also provide direct evidence of
immunodominant epitopes of the pathogen and might be use-
ful for immunoreconstitution therapy of some forms of candi-
diasis (33, 51). However, we are unaware of any approach
specifically devoted to understanding immune responses in
candidiasis by the use of Candida-specific human TCC.

The 65-kDa mannoprotein (MP65) has long been demon-
strated to be a major target of T-cell responses in humans (3,
4, 7, 10, 26, 52). Some properties of this major Candida antigen
with regard to potential immunoprophylactic or immunother-
apeutic activity, or even for use as an immunodiagnostic re-
agent, have been disclosed. However, the importance of MP65
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relative to that of other C. albicans antigens in inducing a
T-cell response could be derived only from a comparison with
other products. In addition, little information on the antigenic
availability of MP65 and its processing requirements could be
obtained by use of PBMC for measurement of the response to
the antigen. Some putative epitopes could be identified by
studying the proliferative response of PBMC to MP65 peptides
derived from tryptic digestion (26), but a full definition of the
antigenic properties and epitopes of MP65 could not be estab-
lished by use of the polyclonal T-cell populations represented
by PBMC.

The aims of this work were to establish C. albicans antigen-
specific human TCC and to examine the extent to which they
recognize MP65 as a major antigen among soluble fungal prod-
ucts. Efforts were also made to further characterize T-cell
epitopes among the most immunogenic peptides of MP65 in an
attempt to define HLA restriction. Finally, we compared some
processing features of natural (glycosylated) and recombinant
(nonglycosylated) MP65 (32) with the aim of discovering a
possible role of polysaccharides in the processing requirements
and T-cell recognition of this major antigen of C. albicans.

MATERIALS AND METHODS

C. albicans antigens and MP65 synthetic peptides. The C. albicans mannopro-
tein-rich fraction MP-F2 was prepared as described elsewhere (11). Briefly,
MP-F2 was separated by ion-exchange chromatography with DEAE–Sephadex
A-50 from a crude mannoprotein extract of C. albicans yeast cells. MP-F2 was
composed of .90% mannan and 8% protein. Biochemical and immunological
characterization of this antigen has been reported elsewhere (52).

Mycelial secreted mannoproteins (M-sMP), an antigenic preparation contain-
ing mannoproteins spontaneously released from C. albicans cultures grown to the
mycelial form, were prepared as described elsewhere (7, 27). Pronase digestion
of M-sMP (resulting in M-sMP-P) was carried out as previously described (27).

C. albicans natural, glycosylated MP65 was purified from M-sMP by immuno-
affinity chromatography with a monoclonal antibody (MAb) directed against the
protein moiety of the molecule as previously described (26, 27). The purified
antigen was substantially free from other mannoproteins or proteins, as assessed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, silver staining,
concanavalin A detection, and immunoblotting with MAbs or polyclonal anti-
bodies directed against other components of M-sMP (26).

Recombinant nonglycosylated MP65 of both C. albicans (Ca-rMP65) and
Saccharomyces cerevisiae (Sc-rMP65) was generated as previously described (32).

The total polysaccharide and protein compositions of the different antigen
preparations were determined by the phenol-sulfuric acid method and the Bio-
Rad (Hercules, Calif.) protein assay, respectively, as previously described (27).
None of the C. albicans antigens contained Limulus amoebocyte lysate-detect-
able lipopolysaccharide.

Synthetic peptides T1a, T1b, T2a, and T2b were purchased from Tana Labo-
ratories (Houston, Tex.). They were provided as .80% pure and assessed for
purity by high-pressure liquid chromatographic amino acid analysis and sequenc-
ing as previously described (26). The synthetic peptides were dissolved in 5%
dimethyl sulfoxide (Sigma) and then diluted to the desired concentration in
RPMI 1640 medium (Euroclone Ltd., Wetherby, United Kingdom) as previously
described (26).

Reagents. Phytohemagglutinin (PHA) was obtained from Murex (Dartford,
United Kingdom). Recombinant interleukin-2 (IL-2) was a kind gift from Eu-
roCetus (Milan, Italy), and tetanus toxoid (TT) was obtained from Chiron (Si-
ena, Italy). Tritiated thymidine was purchased from Amersham (Little Chalfont,
United Kingdom). Fluorescein isothiocyanate (FITC)-labeled anti-CD4 and an-
ti-CD8 were purchased from Becton Dickinson (Mountain View, Calif.), and
anti-major histocompatibility complex (anti-MHC) class II MAb L243 was ob-
tained from the American Type Culture Collection, Rockville, Md. An FITC-
conjugated mouse immunoglobulin G (IgG) control (Becton Dickinson) served
for background determination.

Media. RPMI 1640 medium was supplemented with 100 U of kanamycin/ml,
1 mM L-glutamine, 1 mM sodium pyruvate, and 1% nonessential amino acids
(complete medium). When needed, 10% fetal calf serum (FCS; Gibco Labora-

tories, Grand Island, N.Y.) or 5% human serum (Sigma) was added. IL-2 was
used at 10 to 100 U/ml.

MP-F2-specific TCC. MP-F2-specific TCC were derived from PBMC of a
DRB1*1101 (DR5) normal donor as previously described (40, 41). Briefly,
PBMC were purified from heparinized blood on a density gradient (Lym-
phoprep; Nycomed Pharma AS, Oslo, Norway) and resuspended in complete
medium supplemented with 5% autologous serum in the presence or absence of
5 mg of MP-F2/ml. After 5 and 10 days, 10 and 100 U of IL-2/ml, respectively,
were added to the cultures. After 5 additional days, cultures showing significant
cell growth were considered positive. Cells were counted and cloned by limiting
dilution in the presence of 5 3 105 irradiated PBMC, 1 mg of PHA/ml, and 100
U of IL-2/ml. After 10 to 15 days, growing cultures were expanded in medium
containing 100 U of IL-2/ml and finally tested for MP-F2 specificity by a prolif-
eration assay using irradiated autologous PBMC prepulsed or not prepulsed with
MP-F2 at 5 mg/ml. MP-F2-specific clones were maintained and expanded in
cultures with 25- to 35-day cycles of restimulation with PHA and irradiated
PBMC.

Epstein-Barr virus-transformed LCL and DC. Lymphoblastoid B-cell lines
(LCL) were established from the same donor by infecting 106 PBMC in an
overnight incubation with Epstein-Barr virus-containing supernatant from the
B.869 cell line and then were cultured in complete medium supplemented with
10% FCS and 0.5 mg of cyclosporine/ml. Dendritic cells (DC) were prepared by
isolation on Percoll gradients of monocytes from PBMC as described previously
(47). After 5 days of culturing in the presence of granulocyte-macrophage col-
ony-stimulating factor and IL-4, cells were treated with antigen or apoptotic cells
overnight (1, 2) and then were treated with lipopolysaccharide (Sigma) for 6 h to
induce final differentiation. After extensive washings, cells were used as antigen-
presenting cells (APC) for MP-F2-specific TCC in proliferation experiments.

Proliferation assay. Proliferative responses were measured with triplicate cul-
tures (220 ml) in 96-well flat-bottom plates that routinely contained 3 3 104 to
5 3 104 responder TCC and either 105 irradiated PBMC or 3 3 104 to 5 3 104

LCL as APC in 10% FCS-containing complete medium. C. albicans and S.
cerevisiae antigens were used at a final concentration of 5 mg (polysaccharide for
MP-F2 and M-sMP and protein for purified molecules) per milliliter. Synthetic
peptides were used at 10 mg/ml. In dose-response tests, twofold dilutions from 5
to 1.25 mg/ml (mannoproteins and proteins) or from 10 to 0.312 mg/ml (peptides)
were used.

In inhibition experiments, autologous LCL were incubated with peptides at 2
mg/ml for 2 h at 4°C. LCL were then washed and incubated for 1 h with
decreasing concentrations of anti-HLA-DR (from 1:4 to 1:64 twofold dilutions of
L243 cell culture supernatant) before TCC were added for the proliferation
assay.

In all proliferation assays, tritiated thymidine was added at 5 mCi/well after
48 h of culturing, and cells were harvested 18 h later. Results were expressed as
mean counts per minute in triplicate wells.

Cytokine determinations. The production of cytokines by selected MP-F2-
specific TCC, chosen from among those showing different reactivities, was mea-
sured with pooled supernatants from 0.2-ml cultures containing 5 3 105 irradi-
ated autologous PBMC/ml and 5 3 105 TCC/ml, with or without MP-F2 at 10
mg/ml. Culture supernatants were collected after 48 h of culturing. Gamma
interferon (IFN-g) and IL-4 were measured using a commercial enzyme-linked
immunosorbent assay according to manufacturer instructions (Quantikine; R&D
Systems, Inc., Minneapolis, Minn.).

Phenotypic analysis. Aliquots of 2 3 105 TCC were harvested from macro-
cultures, washed twice with cold 0.1% bovine serum albumin–phosphate-buff-
ered saline, and stained with FITC-conjugated anti-CD4 or anti-CD8 MAb. An
FITC-conjugated mouse IgG control (Becton Dickinson) served for background
determination. After washings, cells were resuspended in medium suitable for
FACScan (Becton Dickinson) analysis.

Fluorescence intensity was evaluated by computerized analysis of histograms
generated from at least 5,000 viable cells (5).

RESULTS

Generation of MP-F2-specific TCC. To generate specific
human TCC, we used the highly immunogenic mannoprotein-
rich fraction of C. albicans, MP-F2 (52), and PBMC from an
HLA-DRB1*1101 (DR5) high-responder donor, as in previous
experiments (32). Fifty-five clones from among 300 screened
were selected for a specific proliferative response to MP-F2.
All of the specific clones were tested for immunophenotyping
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by flow cytometry and were found to be alpha or beta T-cell
receptor (TCR-a/b) CD41/CD82 cells. The specificity of TCC
for MP-F2 was verified by use of three proliferation assays with
irradiated autologous PBMC prepulsed or not prepulsed with
MP-F2. In addition, none of the clones tested proliferated in
the presence of Sc-rMP65 or TT (Table 1). Furthermore,
clonality was assessed via a subcloning test, which showed
100% MP-F2 specificity of growing subcloned cells. Interest-
ingly, all TCC proliferated with MP-F2 in the presence of
autologous PBMC as APC (Fig. 1A) but not with autologous
LCL (Fig. 1B). Since T-cell-secreted cytokines are critical reg-
ulatory components of immunological responses, we also mea-
sured the production of IFN-g and IL-4 in supernatants of
MP-F2-stimulated TCC cultures with autologous PBMC as
APC. All TCC tested secreted IFN-g but not IL-4, suggesting
that MP-F2 prevalently induces a typical T-helper type 1 (Th1)
immune response and substantially confirming previous results
from experimental animal models and PBMC proliferation
assays (4, 38).

Identification of MP65 as an immunodominant antigen in
MP-F2. MP-F2 is a fraction from a crude mannoprotein extract
of yeast cells of C. albicans separated from a whole cellular
extract of the fungus by ion-exchange chromatography (52).
MP65 is quantitatively a minor molecular constituent of
MP-F2 and of other C. albicans fractions, such as the secretory
hyphal constituent M-sMP, but is recognized as a main target
of the human T-cell response against C. albicans (26). We
therefore evaluated which fraction of MP-F2-specific clones
recognized MP65 so as to have a direct measure of the relative
immunodominance of this latter mannoprotein in the anti-C.

FIG. 1. Proliferation of MP-F2-specific TCC in the presence of autologous PBMC (A) or LCL (B) as APC. APC were pulsed with MP-F2 at
5 mg/ml and then irradiated before incubation with specific clones. Data are expressed as the stimulation index (counts per minute in the presence
of antigen/counts per minute in the absence of antigen). Data are from one experiment out of four independent experiments with similar results.

FIG. 2. Correlation between the proliferative responses of MP-F2-
specific clones with MP-F2 or recombinant MP65 (rMP65) as the
antigen. Autologous PBMC were pulsed with MP-F2 or MP65 at 5
mg/ml, irradiated, and then used as APC for specific clones. Data are
expressed as the stimulation index (S.I.) (see the legend to Fig. 1).
Data are from one experiment out of four independent experiments
with similar results.

TABLE 1. Antigen recognition of MP-F2-specific TCC in the
presence of irradiated PBMC as APC

Antigen No. of
clones tested

% of
responding TCC

% Reactivitya

Low Intermediate High

MP-F2 55 100 38.9 30.6 30.6
M-sMP 55 100 38.9 30.6 30.6
MP65 55 94.5 33.3 16.6 50.0
Ca-rMP65 55 94.5 33.3 16.6 50.0
Sc-rMP65 10 0
TT 10 0
M-sMP-P 55 5.5 33.3 66.6
T1a 55 7.3 25.0 75.0
T1bb 55 94.5
T2ac 55 94.5
T2bb 55 94.5

a Reactivity was considered low when the stimulation index (SI; counts per
minute in the presence of antigen/counts per minute in the absence of antigen)
of a TCC was between 2 and 10, intermediate when the SI was between 11 and
20, and high when the SI was .21.

b Reactivity was high.
c Reactivity was intermediate.
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albicans cellular response. As shown in Fig. 2, the majority of
the MP-F2-specific TCC proliferated when tested with MP65-
pulsed APC, suggesting that, although a minor molecular com-
ponent of the preparation, MP65 represents its major antigen
recognized by T cells.

Since MP65 is amply O glycosylated (about one-third of the
molecular mass [26]), we attempted to gain some insight into
the influence of the polysaccharide moiety in MP65 T-cell
epitope recognition. We therefore investigated the reactivities
of all MP-F2-specific TCC toward the nonglycosylated recom-
binant (Ca-rMP65), natural MP65, untreated M-sMP, or M-
sMP-P. The large majority of TCC recognized M-sMP, natural
MP65, and Ca-rMP65 but not M-sMP-P. However, 3 out of 55
MP-F2-specific TCC recognized natural MP65, M-sMP, and

M-sMP-P but not Ca-rMP65. Figure 3 shows representative
responses of two TCC having these opposite reactivities. Fig-
ure 3 also shows that none of the TCC recognized Sc-rMP65,
further attesting to the specificity of C. albicans MP65 epitope
recognition.

A motif sequence for MP65 peptide recognition by T cells. A
previous study with MP65-stimulated PBMC identified two
internal peptides as antigenic determinants of the molecule
(26). Thus, in the attempt to identify major epitopes of MP65
in HLA-DRB1*1101 (DR5) subjects, we first investigated the
TCC responses toward these two putative T-cell epitopes. Two
pairs of peptides (T1a-T1b and T2a-T2b) were synthesized to
reproduce the sequences of two previously described (26) tryp-
tic peptides of MP65, derived from amino acids 142 to 164

FIG. 4. (A) Proliferative responses of two representative clones (0.3/18 and 0.3/26) to recombinant MP65 (rMP65) and to synthetic peptides
(T1a, T1b, T2a, and T2b). PBMC were pulsed with MP65 at 5 mg/ml or peptides at 10 mg/ml, irradiated, and then used as APC. Ag, antigen. (B)
Dose-dependent proliferative responses of an MP-F2-specific clone (0/26) to two peptides (T1b and T2a) with different sequences. Data are
expressed as mean counts per minute for triplicate cultures. The data reported in panel A are from one experiment out of four independent
experiments with similar results; the data in panel B are representative of two independent experiments.

FIG. 3. Proliferative responses of two representative clones to different preparations of C. albicans antigens, Ca-rMP65, or Sc-rMP65.
Autologous PBMC were pulsed with or without antigens at 5 mg/ml, irradiated, and then used as APC for clones 0.3/18 and 0.3/26. Data are
expressed as mean counts per minute for triplicate cultures from one experiment out of four independent experiments with similar results. Error
bars indicate standard deviations. An asterisk indicates a significant difference (P , 0.01) between the mean counts per minute obtained in the
presence of the indicated antigen and the mean counts per minute obtained in the absence of antigen (No Ag).
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(peptide T2) and 182 to 204 (peptide T1) of MP65 (32). Figure
4A shows two representative TCC with different reactivities
toward natural MP65, Ca-rMP65, and synthetic peptides T1a,
T1b, T2a, and T2b. Clone 0.3/26 reacted with both natural
MP65 and recombinant MP65 as well as with peptides T1b,

T2b, and T2a. The same results were obtained with the ma-
jority of the TCC tested, although different clones showed
differences in the peptide resulting in the highest proliferation.
Clone 0.3/18, on the other hand, showed a proliferative re-
sponse when tested with natural MP65 but not with Ca-rMP65
or with the peptides used. Interestingly, this latter clone is one
of the few which also proliferated in the presence of pronase-
treated antigens (Fig. 3). The inability of this clone to respond
to peptides or to Ca-rMP65 (which is nonglycosylated) and its
ability to respond to protein-digested preparations suggest that
the polysaccharide moiety of the molecule could be involved,
at least in part, in the T-cell recognition of this C. albicans
antigen.

When tested for recognition of each peptide, the majority of
our TCC recognizing Ca-rMP65 also did recognize the pair
T2a-T2b and, surprisingly, the peptide T1b. Although there
was a clear overlapping of sequences between each pair, no
apparent homology exists between peptides T1 and T2 (Table
2). Only four TCC recognized peptide T1a (Fig. 4A). The
proliferative responses to decreasing amounts of peptides T1b
and T2a of a representative TCC are shown in Fig. 4B. It was
clear that a single TCC recognized both peptides, although
with slightly different affinities. The double reactivity with pep-
tide T1a or T1b and peptide T2a or T2b was confirmed by
using subclones of three different primary TCC (data not
shown). Proliferation was inhibited by an anti-HLA class II
MAb in a dose-dependent manner, indicating that MP-F2-
specific TCC were class II restricted and excluding a mitogenic
effect of possible peptide contaminants (Fig. 5). The most
likely explanation is that most of our MP65-specific TCC rec-
ognize amino acid sequences characterized by the presence of
fixed residues (I, S, I, and L) flanked by nonrelevant amino

TABLE 2. Amino acid sequences of Ca-MP65, Sc-MP65, and the
peptides used to map Ca-MP65 epitopes

Protein or peptide
(amino acids) Sequencea

Proteins
Ca-MP65 (142–160) SSSQI ASEI AQLSGFNVIR
Sc-MP65 (152–170) STAQVASDLEQLTGFDNIR
Ca-MP65 (182–204) IFAGIFDVSSI TSGI ESLAEAVK
Sc-MP65 (192–214) LFLGIYYVDKIQDAVDTIKSAVE

Peptides
T1a IFAGIFDVSSITSGI
T1b SSITSGIESLAEAVK
T2a SSSQIASEIAQLSGF
T2b IASEIAQLSGFNVIR

Aligned peptides
T1a IFAGIFDVSSITSGI
T1b SSITSGIESL AEAVK
T2a SSSQIASEIAQL SGF
T2b IASEIAQL SGFNVIR

Amino acid motifb

Position 12345678910
Amino acid XIXSXIXXL X

a Bold type indicates amino acids relevant for TCC recognition. Italic type
indicates the Saccharomyces cerevisiae MP65 corresponding sequence.

b Positions 1 to 10 indicate the amino acid position in the motif sequence. X
indicates an amino acid not relevant for TCC recognition.

FIG. 5. Proliferative response of an MP-F2-specific TCC in the presence of PBMC or LCL as APC. APC were pulsed with antigens at 5 mg/ml
or peptides (pep) at 10 mg/ml and irradiated before incubation with specific clones. r-MP65, recombinant MP65. Data are expressed as mean counts
per minute for triplicate cultures from one experiment out of four independent experiments with similar results. Error bars indicate standard
deviations. An asterisk indicates a significant difference (P , 0.01) between the mean counts per minute obtained in the presence of the indicated
antigen and the mean counts per minute obtained in the absence of antigen (No Ag).
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acids, according to the motif sequence reported in Table 2.
Importantly, no such motif was present in any region of S.
cerevisiae MP65, while two of them were present in MP65 of C.
albicans (8, 32).

Processing requirement of MP65. In screening our clones,
we noted that autologous LCL were unable to act as MP-F2
APC; in fact, none of the clones was induced to proliferate with
natural MP65-pulsed LCL (Fig. 1B). The same results were
obtained when LCL from an HLA class II-compatible healthy
subject were used (data not shown). We next assayed the
capacity of autologous LCL to act as APC using different
preparations of MP65, such as Ca-rMP65, MP-F2, and syn-
thetic peptides, as sources of MP65 epitopes. As shown in Fig.
6, only Ca-rMP65 and peptides were efficiently presented by
LCL to MP-F2-specific TCC. The failure of LCL to present
natural MP65 might be related to the polysaccharide moiety of
the glycoprotein, which could impair the uptake and/or the
processing of natural MP65 in B cells. The possible lack of
processing machinery to digest mannoproteins in B cells was
investigated in cross-presentation experiments. LCL pulsed
with or without MP-F2 were irradiated to induce apoptosis and
then incubated with autologous DC. After incubation with
apoptotic LCL, DC were induced to maturation with lipopoly-
saccharide and then used as APC for MP65-specific clones.
Figure 6 shows that DC previously exposed to apoptotic LCL
pulsed with MP-F2 were able to present MP65 epitopes to
TCC.

DISCUSSION

TCC are useful tools in the dissection of immune responses
to self and non-self antigens. The isolation of antigen-specific
TCC is crucial when the exact definition of antigenic specific-
ity, as well as epitope dominance and functional assets of
individual T-cell responses, is needed (14, 43, 54). Mucosal

candidiasis relies upon some local or systemic deficiency in
T-cell responses (6, 9, 10, 12, 18, 24, 37). Therefore, the anal-
ysis of these responses would greatly benefit from careful as-
sessment of fine antigen recognition, phenotype, and function
of TCC. Such an analysis would also provide potentially ther-
apeutic tools for an attempt to reconstitute a protective re-
sponse by administration of TCC which were deleted or altered
in their specificity or function as a result of the immune defi-
ciency.

Despite these promising perspectives, Candida-specific TCC
have only sporadically been investigated (29). For instance,
Sieck et al. showed that Candida-specific T-cell lines (antigen
not specified) allowed fungus elimination from infected mice
(50). More recently, Manca et al. demonstrated the preserved
antigen specificity of Candida-reactive T-cell lines in AIDS
subjects, despite the well-known numerical loss of specific
clones (33). Overall, we are unaware of any published report
specifically devoted to an understanding of defined antigen
specificity in candidiasis through the use of human TCC.

One of the reasons for the paucity of TCC generation and
usage in research on anticandidal immunity is the relatively
low-grade definition of Candida antigens involved in the stim-
ulation of T-cell responses and recognized as dominant T-cell
epitopes. We have long been studying a 65-kDa mannoprotein
of C. albicans, MP65, a structural and secretory component of
the fungus that is particularly abundant in extracellular frac-
tions of hyphal cells (4, 7, 26, 27). The reasons for focusing on
this constituent were twofold. First, it is the main glycosylated
member of a mannoprotein-rich fraction, MP-F2, capable of
inducing an appreciable level of protection against murine
candidiasis (10). Second, it was recognized as the main stimu-
lating Candida antigen by peripheral blood lymphocytes from
almost all healthy subjects tested (28, 32). Moreover, in ani-
mals immunized with MP-F2, the MP65 constituent was the
principal one recognized by the animal splenocytes and was a
strong stimulator of a delayed-type hypersensitivity reaction in
vivo. More recently, the gene encoding the protein component
of MP65 was cloned, and a recombinant product that was also
strongly antigenic in human PBMC cultures was generated
(32).

In order to understand more thoroughly the antigenic prop-
erties of MP65, we have generated human TCC using MP-F2
to stimulate PBMC from a healthy donor. It is generally be-
lieved that, when an antigen is added to PBMC in vitro, mem-
ory-experienced cells represent the population of CD41 T cells
that specifically proliferate. These cells originate from in vivo-
primed lymphocytes upon presentation by professional APC of
peptides with a high level of binding to MHC class II mole-
cules, selected by enzymatic digestion of the antigen. The large
majority of MP-F2-reactive clones generated were indeed re-
active with MP65, a minor component of the MP-F2 mixture,
indicating that in vivo MP65 is an immunodominant antigen
that, more than others, is able to expand the specific T-lym-
phocyte population.

All of the clones tested were CD41 and secreted IFN-g but
not IL-4 upon specific antigenic challenge, indicating a clear
Th1 phenotype (4). It has been suggested that a Th1 response
is an essential constituent of anti-Candida protection, although
Th1 and Th2 responses may vary in different body sites (16,
22). A close cooperation between innate and adaptive re-

FIG. 6. Proliferative response of an MP-F2-specific TCC in the
presence of autologous DC as APC. LCL were incubated with or
without MP-F2 at 5 mg/ml and then irradiated. DC were incubated
with MP-F2 (f) or with irradiated, apoptotic LCL pulsed (F) or not
pulsed (‚) with MP-F2 and then used as APC for an MP-F2-specific
clone (0/26). Data are expressed as mean counts per minute for trip-
licate cultures and are representative of two independent experiments.
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sponses appears to be required for anti-Candida protection, as
also evidenced by the various strategies of immunoevasion
adopted by the fungus (21). In this context, the clear definition
of MP65-specific TCC as Th1 lymphocytes would indicate a
potential role of these cells in the recognition of and possibly
the defense against Candida invasion in humans. Experiments
are in progress to assess the capacity of this constituent to
induce protection in various experimental models of candidi-
asis.

We also wanted to investigate which epitopes were recog-
nized by our MP65-specific TCC. TCC were isolated from an
HLA-DRB1*1101 (DR5) donor whose PBMC responded to
MP-F2 and MP65 peptides, T1 and T2, which have been pre-
viously shown to be inducers of human PBMC proliferation in
several subjects tested (26). Peptides T1 and T2 were synthe-
sized as two overlapping pairs (T1a-T1b and T2a-T2b) to re-
produce the sequences of tryptic peptides of MP65 (Table 2).
We noted that each clone recognizing the homologous pair
T2a-T2b also recognized T1b. This result was rather surprising
given that all lymphocytes of a TCC share the same TCR, thus
virtually recognizing a single MHC-peptide complex. The pos-
sibility that every TCC was not a clone but was a mixture of two
clones, one recognizing T1a or T1b and the other recognizing
T2a or T2b peptides, exists in theory but is highly improbable.
In fact, this reactivity was observed in all the Ca-rMP65-rec-
ognizing TCC, which have been isolated from different cultures
grown after limiting dilution at 0.3 to 1 cell/well. The double
reactivity with peptides T1a or T1b and T2a or T2b was con-
firmed by using subclones of three different primary TCC. A
close insight into the peptide sequences suggested that T2a,
T2b, and T1b have some residues (I, S, I, and L) at fixed
positions in their sequences, flanked by other amino acids
nonrelevant for peptide recognition. In the peptide sequence
of a T-cell epitope, at least two amino acids are required to
bind the MHC class II groove and two are required to engage
the TCR of a specific T lymphocyte (36, 55). In this regard, it
is of interest to note that peptide T1a has IXSXI but lacks the
terminal lysine of the hypothesized motif, and it is not recog-
nized by the majority of TCC which recognize the other three
peptides. In addition, only a minority of other TCC recognize
peptide T1a. The motif sequence is not present in any region
of S. cerevisiae MP65, which is not recognized at all by our
MP65-specific clones.

The availability of distinct MP65-specific TCC and both the
natural (glycosylated) protein and the recombinant (nonglyco-
sylated) protein allowed the analysis of the relevance of glyco-
sylation in the specific recognition of this antigen by human T
lymphocytes. First, we observed that three of our TCC were
reactive with MP-F2, natural MP65, and M-sMP-P but not with
recombinant MP65 or the synthetic peptides T1a, T1b, T2a,
and T2b. These observations, although inconclusive, suggest
possible T-cell recognition of the polysaccharide moiety, which
accounts for about one-third of the whole molecule and is
apparently composed of O-linked mannosyl residues only,
given the absence in the molecule of a putative N-glycosidic
site (17, 25, 32). Glycopeptides (25) and glycolipids (39, 49)
have in fact been identified as defined T-cell epitopes pre-
sented in the context of classical MHC molecules and CD1
molecules, respectively. In addition, T-cell recognition of a
glycosidic moiety has been suggested in the definition of

epitopes in human allergens (20, 48). Thus, the possibility
exists that complex polysaccharides linked to C. albicans pro-
teins are involved in T-cell recognition of this pathogen. Given
that most surface antigens of the fungus are indeed polysac-
charidic in nature, studies aimed at a better definition of pos-
sible T-cell recognition of polysaccharides are currently in
progress.

Second, we observed that LCL were unable to present nat-
ural MP65 but retained the ability to present Ca-rMP65 and
peptides. However, DC were able to stimulate MP65-specific
TCC after phagocytosis of natural MP65-pulsed apoptotic
LCL (1, 2, 56). These data suggest that LCL can concentrate
but not digest natural MP65. LCL have been previously de-
scribed to have limitations in processing ability (35). These
limitations have been ascribed to restriction or diversity in
other APC in the proteolytic machinery used to cleave proteins
into MHC class II binding peptides (13, 19). For MP65, how-
ever, LCL were able to digest the recombinant protein, reveal-
ing the efficiency of the protein-digesting machinery. Thus, it
can be hypothesized that the enzymatic digestion of antigen in
nonprofessional APC, such as LCL, is highly affected by the
presence of O-linked mannoside chains that could hinder the
cleavage of certain protein substrates. Interestingly, natural
MP65 was demonstrated to be totally resistant to any protease
(trypsin, chymotrypsin, or endoproteinase Asp-N) treatment
used to partially or completely digest the molecule, unless it
was previously denatured by heat (100°C) or sodium dodecyl
sulfate (26).

The inability of nonprofessional APC to process natural
MP65 could have functional consequences in AIDS patients,
who have a high predisposition to mucosal candidiasis (6, 15).
Because the availability of functional professional APC in
lymph nodes decreases with the progression of the disease (23,
42), it can be hypothesized that the relative importance in
activating T lymphocytes of nonprofessional APC, such as B
lymphocytes, progressively increases. Thus, the inability of B
cells to present a major antigen of C. albicans may contribute,
together with the decrease in the level of specific CD41 T cells,
to the onset of disease.

In conclusion, in this paper we report the first characteriza-
tion of C. albicans-specific human TCC and demonstrate the
immunodominance of MP65 among C. albicans soluble prod-
ucts. We also provide evidence on the relevance of polysac-
charides in the processing and T-cell recognition of MP65.
Finally, we propose a motif sequence that, in HLA-
DRB1*1101 (DR5) subjects, may represent the characterizing
epitope of MP65 useful for possible immune intervention. Fur-
ther studies using donors with other HLA class II haplotypes
are required to extend the epitope mapping of MP65.
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