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Elevated antibody levels against the yeast Saccharomyces cerevisiae have been reported in sera from patients
with Crohn’s disease and not with ulcerative colitis. The aim of the study was to identify the nature of the
epitopes supporting this antibody response. Whole cells from different S. cerevisiae strains were selected in
immunofluorescence assay for their ability to differentiate the antibody responses of patients with Crohn’s
disease and ulcerative colitis. Their cell wall phosphopeptidomannans were then tested as antigen in enzyme-
linked immunosorbent assay (ELISA) against sera from 42 patients with Crohn’s disease, 20 patients with
ulcerative colitis, and 34 healthy controls. Graded chemical degradations were performed on the most reactive
strain phosphopeptidomannan. The discriminating epitope was determined through gas-liquid chromatogra-
phy-mass spectrometry. The greatest discrimination among patients with Crohn’s disease, ulcerative colitis,
and controls was obtained with Sul, a S. cerevisiae strain used in brewing of beer. ELISA directed against
phosphopeptidomannan of this strain was 64% sensitive and 77% specific for discriminating Crohn’s disease
versus ulcerative colitis and 71% sensitive and 89% specific for Crohn’s disease versus controls. Periodate
oxidation and selective degradation demonstrated that the most important polysaccharide epitope was shared
by both the acid-stable and the alkali-labile domains of the phosphopeptidomannan. The determination of
oligomannose sequences of S. cerevisiae Sul phosphopeptidomannans suggested that a mannotetraose,
Man(1—3)Man(1—2)Man(1—2)Man, supported the serological response seen in Crohn’s disease. Further
identification of the immunogen eliciting this antibody response as a marker of the disease may help to

understand its etiology.

Systemic antibodies to various dietary and bacterial antigens
in patients with Crohn’s disease (CD) and ulcerative colitis
(UC) have been described (16). Using enzyme-linked immu-
nosorbent assay (ELISA) which employs whole killed yeast
cells as antigens, elevated anti-Saccharomyces cerevisiae immu-
noglobulin A (IgA) and IgG levels were reported in the sera of
patients with CD and not in those from patients with UC (21).
The IgA response had an important discriminating value be-
tween CD and UC (2, 11). A clinical study suggested that
inclusion or exclusion of baker’s yeast from the diet might
influence the activity of CD (1). Finally, increased IgA anti-S.
cerevisiae in healthy relatives of concordant pairs of twins with
CD suggested that these antibodies could be a subclinical
marker of genetic susceptibility in CD (19).

The nature of S. cerevisiae antigens supporting the specific
antibody response in CD is still unknown. Comparable IgG
antibody levels have been detected in CD regardless of the
origin of the S. cerevisiae strains used (bakery, brewery), sug-
gesting that these antigens may be common in food and drink
(25). Other studies, including adsorption of patients’ sera with
S. cerevisiae strains, revealed a great antigenic heterogeneity
(26). A 200-kDa S. cerevisiae glycoprotein whose reactivity was
abolished by periodate oxydation was identified in Western
blotting (immunoblotting), suggesting that the discriminating
epitopes comprised polysaccharides (4). A commercial prepa-

* Corresponding author. Mailing address: Unité INSERM 42, Do-
maine du CERTIA, 369 rue Jules Guesde, B.P. 39, 59651 Villeneuve
d’Ascq Cedex, France. Phone: (33) 20 47 26 29. Fax: (33) 20 05 91 72.

219

ration of S. cerevisiae cell wall mannan (phosphopeptidoman-
nan [PPM]) had the same ability as S. cerevisiae whole cells in
detecting these antibody responses (19).

The yeast cell wall PPM is a water-soluble component that
may be extracted by autoclaving. It comprises a complex of
mannose residues linked to a protein backbone either by O-
glycosidic or N-glycosidic linkages (Fig. 1) (28). The PPM has
long been recognized as a major antigen in yeast cells. In S.
cerevisiae, detailed immunochemical studies have identified the
nature of the oligomannosides (chemically released sequences
of mannose residues, characterized by the length of the man-
nosyl chain and the type of linkage) that correspond to the
epitopes of antibodies raised in animals (10). However, al-
though S. cerevisiae may pose a potential problem in patients
with compromised immune function (5), the antibody response
in humans against this commonly considered innocuous yeast
PPM remains ignored, as compared with what is known about
responses to PPM from Candida albicans, an important oppor-
tunistic yeast pathogen (37). Studies of the C. albicans PPM
oligomannosidic repertoire (7, 13) reveal that oligomannosidic
epitopes may be shared by a great number of different unre-
lated yeast molecules (34, 41, 42). The corresponding epitopes
also occur over a wide variety of organisms, explaining immu-
nological cross-reactivities among yeast species, yeast genera
(10), filamentous fungi (14), viruses (27), bacteria (20, 30), and
human glycoproteins (22). Having this in mind, the under-
standing of anti-S. cerevisiae antibodies in CD requires as a first
step the structural identification of the oligomannosides which
act as specific epitopes.

We thus embarked on a study which included the following
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FIG. 1. Generalized structure of S. cerevisiae cell wall phosphopeptidomannan according to Nakajima and Ballou (28) and principle of chemical hydrolysis methods.
Mannopyranosyl residues (M) organized in short chains of unramified oligomannosides are linked to the protein backbone by O-glycosidic linkages to serine (Ser) or
threonine (Thr). The N-glycosidic part is linked to asparagine (Asn) of the protein and corresponds to a macromolecular edifice sustained by a linear backbone of o-1,6
linkages to which are attached side chains composed of a-1,2- and «-1,3-linked mannopyranosyl residues; short additional chains are branched to these side chains by
phosphodiester bridges. O-linked oligomannosides are released from the phosphopeptidomannan by 8 elimination (A), a mild alkali hydrolysis method, and are named
alkali-labile oligomannosides. Oligomannosides linked to side chains of the N-glycosidic part of the phosphopeptidomannan are released by mild acid hydrolysis (B),
which breaks phosphodiester bridges, and are named acid-labile oligomannosides. Side chains of the N-glycosidic part of the PPM are released by acetolysis (C), a more

drastic acid hydrolysis method which breaks «-1,6 linkages.

steps. First, several S. cerevisiae strains from different origins
were screened for their ability to differentiate the serological
response of patients with CD and UC. Thereafter, we ex-
tracted PPM (the major water-soluble surface antigens) from
the most reactive strains. These PPM were then employed in
an ELISA against sera from patients and controls. We then
used periodate oxidation and selective degradations in addi-
tional ELISAs to assess in which domain of the PPM the
serological reactivity resides. Finally, we characterized the
chemical structure of those oligomannosides among which the
important epitopes were.

MATERIALS AND METHODS

Patient sera. The first series of experiments (immunofluorescence tests) were
conducted on sera from 30 patients with inflammatory bowel disease (IBD).
Diagnosis was based on usual clinical, morphologic, and histologic data. There
were 20 patients with CD (seven male, 13 female; mean age, 37 years). Crohn’s
disease involved both the small and large bowel in 15 patients, only the colon in
4 patients, and only the small bowel in 1 patient. The disease was active (ACD)
in 10 patients (i.e., Crohn’s disease activity index [CDAI] > 150) (3) and quies-
cent (QCD) in 10 patients (CDAI < 150). Ten patients with UC were studied
(seven male, three female; mean age, 37 years). There were two cases of proctitis,
five of left-sided colitis, and three of universal colitis. Nine had active UC, and
the remaining one was quiescent.

The second series of experiments (ELISAs) was conducted with sera from 42
patients with CD (20 male, 22 female; mean age, 28 years). Twenty-one patients
had ACD (10 male, 11 female; mean age, 28 years). Crohn’s disease involved
both the small and large bowel in 15 patients, only the colon in 4 patients, and
the small bowel in 2 patients. At the time of the study, nine of them were
receiving oral steroids, nine were taking 5-aminosalicylic acid, and the remaining
three had no treatment. Twenty-one patients had QCD (10 male, 11 female;
mean age, 28 years). Crohn’s disease involved both the small and large bowel in
eight patients, only the colon in eight patients, and only the small bowel in five
patients. Ten of those patients were receiving steroids or immunosuppressive
drugs, 10 were taking sulphasalazine or 5-aminosalicylic acid, and the last one
had no treatment. Twenty patients with UC were studied for comparison (12
male, 8 female; mean age, 37 years). There were five with proctitis, nine with

left-sided colitis, and six with universal colitis. Eleven had active UC, and nine
were quiescent. The control group comprised 34 healthy blood donors.

Yeast strains and culture conditions. Six S. cerevisiae strains and one C.
albicans strain were used in this study. The S. cerevisiae strains consisted of (i)
four brewing strains: Sul (for formerly S. uvarum 1), Su2, BM 151, and BM 156;
(ii) one strain, frequently isolated as a contaminant in breweries and designated
Sd (for formerly S. diastaticus) (these strains were kindly furnished by different
brewing companies); and (iii) one strain used in a winery, CBS 1315. The C.
albicans strain (serotype A), designated VW 32, is used for routine serological
diagnosis of candidosis (35). Strains were maintained on Sabouraud dextrose
agar (SDA).

Immunofluorescence assays (IFA). Antigens consisted of yeast cells grown on
SDA for 24 h either at 37°C (C. albicans) or at 25°C (S. cerevisiae strains). Cells
were washed twice in phosphate-buffered saline (PBS) and suspended to a
concentration of 5 X 10° cells per ml. Cell suspensions (20 pl) were placed in
each well of IFA slides and allowed to dry at room temperature. Dried micro-
scope slides were individually packed and stored at —20°C for up to 3 months.

IFA was performed as previously described (35). Serial dilutions of sera (20
wl) in PBS were incubated in each well for 1 h at 37°C. After four washes in PBS,
20 wl of fluorescein isothiocyanate-conjugated rabbit anti-human immunoglobu-
lins (G, A, M) (Sanofi Diagnostics Pasteur, Marnes-la-Coquette, France) diluted
1/100 in PBS containing Evans blue (Candida Spot, Bio-Mérieux, France) at a
dilution of 1/50,000 were incubated in each well. After five washes in PBS,
reactions were read on a Leitz Orthomat fluorescence microscope. Results were
expressed as the titer that corresponded to the reciprocal of the greatest serum
dilution giving a strong fluorescence of all yeast cells.

ELISA. Antigens consisted of PPM extracted from yeast cells from cultures in
bioreactors. C. albicans cells were grown and harvested as previously described
(7). S. cerevisiae cells from strains Sul, Su2, and CBS 1315 were grown in a
slightly different medium composed of 2 g of yeast extract per liter, 20 g of
glucose per liter, 0.25 g of MgSO, per liter, and 2 ml of 28% NH,OH per liter,
with the pH adjusted to 4.5 with H;PO,. PPM were extracted by the method of
Kocourek and Ballou (18) except that a single extraction in citrate buffer was
done (7).

ELISA was performed as previously described (7). Plates were coated with 100
wl of PPM at a concentration of 1 wg/ml of sugars (determined by the phenol-
sulfuric acid method) in sodium carbonate buffer (60 mM, pH 9.6) for 1 h at 37°C
and overnight at 4°C in moist chambers and washed four times in TNT (50 mM
Tris-HCI, 150 mM NaCl, 0.05% Tween 20, pH 7.5). Patient sera were diluted
1/8,000 and 1/1,000 in TNT respectively for C. albicans and S. cerevisiae antigens.
Alkaline phosphatase-labeled goat anti-human immunoglobulin (G, A, M) (H
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and L chains), (Zymed, Biosoft, Paris) was diluted 1/3,000 in TNT. A color
reaction was rendered by using substrate biotrol EIA 405 (Laboratoires Biotrol,
Paris, France) for alkaline phosphatase. Reading of the plates was done at 405
nm on an Immunotech (Luminy, France) automatic reader. Standardization of
tests was achieved by using pools of patient sera strongly reacting with yeast
mannans. These consisted of sera from patients with candidiasis when the C.
albicans antigen was used (sérum positif titré, Candida Spot, bio-Mérieux,
France) and sera from patients with Crohn’s disease when S. cerevisiae antigens
were used. The standards were aliquoted and stored at —20°C. Any set of
experiments included a standard reactivity curve corresponding to optical density
(OD) evolution when standards were allowed to react at dilutions ranging from
1/32,000 to 1/500 up to saturation. Reactivity of individual sera was expressed
through the use of the ELIOT program (Immunotech, Luminy, France) as a
percentage of the highest reactivity observed with the standard arbitrarily defined
as 100%. When the same sera were tested after an interval of several days, this
mode of expressing results appeared to minimize variations in the OD values.

ELISA performed after Periodate oxidation. In order to define the nature of
epitopes involved in serum reactivity, we performed a periodate oxidation which
denatures the PPM polysaccharide components (45). Prior to ELISA, each well
of the PPM-coated microtiter plates was treated with 100 ul of 0.1% HIPO, in
0.1 M acetate buffer, pH 5.5, for 1.5 h at room temperature. Controls consisted
of wells treated with 0.1 M acetate buffer—-HCI, pH 5.5. For this set of experi-
ments, results were expressed as OD.

ELISA performed after acid and alkali treatment of the S. cerevisiae Sul PPM.
The PPM extracted from S. cerevisiae Sul was subjected to two different chemical
treatments as illustrated in Fig. 1. For mild acid hydrolysis (Fig. 1B) (7), PPM
was dissolved in 10 mM HCI and heated for 30 min at 100°C. After cooling, the
solution was neutralized with 100 mM NaOH and lyophilized. The component
remaining after this procedure, corresponding to the acid-stable fraction of the
PPM (AcS PPM), was separated from the acid-labile oligomannosides released
by two successive precipitations in 80% ethanol and lyophilized. For elimination
of O-linked oligomannosides (Fig. 1A) (13), the PPM was dissolved in 100 mM
NaOH and incubated for 24 h at 25°C. The component remaining after this
procedure and corresponding to the alkali-stable fraction of the PPM (AIS PPM)
was separated from the O-linked released oligomannosides and lyophilized as
described above. Acid-stable and alkali-stable fractions of the S. cerevisiae Sul
PPM were coated on microtiter plates as previously described.

Chemical analysis of S. cerevisiae Sul, Su2, and CBS 1315 PPM. Total car-
bohydrate and protein compositions were determined respectively by the phenol
sulfuric acid (6) and Markwell (23) methods. PPM was acetolyzed by the method
of Hamada et al. (12). The PPM was dissolved in 10 ml of formamide, mixed with
50 ml of acetic anhydride-pyridine (vol/vol), and heated for 13 h at 30°C on a
rotary shaker. This solution was then poured into water and centrifuged at 1,500
X g for 15 min. The pellet was dried, suspended in 50 ml of acetic anhydride-
acetic acid-sulfuric acid (100:100:1), and heated for 13 h at 40°C on a rotary
shaker. The reaction was stopped by pouring the solution onto ice, and the
mixture was neutralized with sodium bicarbonate. The released oligosaccharides
were extracted with chloroform, incubated for 15 min at room temperature in 10
ml of methanol (adjusted to pH 9 with sodium methoxide), and centrifuged for
15 min at 1,500 X g. The pellet was then washed twice in methanol and dissolved
in water. The released oligomannosides were separated on a BioGel P2 (Bio-
Rad) column (1.0 by 120 cm). The column was eluted with distilled water at a
flow rate of 4 ml/h at room temperature; 0.6 ml fractions were collected and
analyzed for their sugar content by the phenol-sulfuric acid method. Composi-
tion of each fraction was checked by thin-layer chromatography. In order to
determine the structure of S. cerevisiae Sul mannobiose to mannotetraose, a
gas-liquid chromatography-mass spectrometry study was performed after reduc-
tion, methylation, methanolysis, and acetylation of the oligomannosides by the
method of Fournet et al. (8).

Statistical analysis. The significance of differences between antibody levels in
patients and control groups was determined by Wilcoxon’s sign rank. For
ELISAs, receiver operating characteristic (ROC) curves, obtained by plotting
sensitivity against specificity, were used to determine cutoff value giving the best
compromise between sensitivity and specificity.

RESULTS

Immunofluorescence assay. Strong differences in levels of
serum reactivity were observed among 6 different strains (Fig.
2). The lowest level of reactivity was observed for S. cerevisiae
Sd; whereas the most reactive strain was S. cerevisiae BM 156.
This overall reactivity was independent of the strain’s ability to
discriminate between ACD, QCD and UC. The best discrim-
ination between CD and UC patients (either ACD or QCD)
was obtained by using S. cerevisiae strain Sul (Table 1).

ELISA responses against phosphopeptidomannans ex-
tracted from S. cerevisiae Sul, Su2, CBS 1315 and C. albicans
VW32 strains. Sera from 96 different patients were reacted in
an ELISA with PPM extracted from the most discriminating
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FIG. 2. Immunofluorescence assay titers observed on the different yeast
strains reacting with the three categories of human sera. BM 156, BM 151, CBS
1315, Sul, Sd: S. cerevisiae strains. C. albicans: VW32 strain n = 10 each for
ACD, QCD, and UC.

strain, i.e., S. cerevisiae Sul (Fig. 3). Despite a pronounced
heterogeneity in responses within CD patients, all of the high-
est titers were observed in CD patients, and there was low
reactivity in controls and moderate reactivity in UC patients.
No significant differences were observed for C. albicans reac-
tivity levels among all groups. Anti-S. cerevisiae Sul, Su2, and
CBS 1315 responses were significantly higher in CD than in
UC patients and controls (Table 2), with no significant differ-
ences occurring between patients with active and quiescent
disease (data not shown). No correlations between ELISA
titers and clinical parameters were found. Cutoff values for the
ELISA test giving the best compromise between sensitivity and
specificity are shown in Table 2.

Shared immunoreactivity between S. cerevisiae Sul and
other PPM is shown in Fig. 4. Correlation was almost perfect

TABLE 1. Significance (P) of differences between antibody levels
against various yeast strains in patients and control groups as
determined by the nonparametric Wilcoxon rank order test

P
Antigen UC (n = 10) vs:

All CD QCD ACD QCD vs ACD

(n = 20) (n = 10) (n = 10)
BM156 NS NS NS NS
BM151 NS NS NS NS
CBS 1315 NS NS NS NS
VW32 NS 0.024 NS 0.04
Sul 0.0022 0.0082 0.008 NS
Sd 0.0088 0.03 0.005 NS

“ NS, not significant.
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FIG. 3. Individual serum antibody responses against S. cerevisiae Sul phosphopeptidomannan as determined by ELISA. Results are expressed as percentages of a
standard to make allowance for day-to-day variability of the ELISA. For examples of corresponding OD values observed in one set of experiments, see Fig. 5. Dotted
line indicates the cutoff value of 3.09%, which gave the best compromise between sensitivity and specificity for CD identification, as determined following the
establishment of ROC curves (Table 2). As a matter of comparison, the continuous line has been drawn from three standard deviations above the mean of control

responses (this corresponds to a sensitivity of 57.14% and a specificity of 80%).

with S. cerevisiae Su2, with a slope of about 45 degrees, sug-
gesting that the antigen supporting cross-reactivities is present
to the same extent in both strains (Fig. 4a). A greater disper-
sion of values and a lesser slope was observed with S. cerevisiae
CBS 1315 PPM, revealing qualitative and quantitative differ-
ences in antigen recognition by patient sera (Fig. 4b). Finally,
no correlation at all was observed with C. albicans PPM (Fig.
4c).

Analysis of the role of PPM polysaccharides as antigenic
determinants through the use of periodate oxidation. Varia-
tions in the levels of antibody response against S. cerevisiae Sul
PPM before and after periodate oxidation are given in Fig. 5.
Periodate oxidation resulted in a decrease of antibody reactiv-
ity for all sera of patients with CD. This decrease was dramatic
for patients having high initial antibody levels whereas lower
anti-S. cerevisiae Sul PPM antibody levels were affected to a

TABLE 2. Ability of ELISA antigens to discriminate between
serum antibodies associated with clinical forms of inflammatory
bowel diseases and control sera

CD vs UC CD vs controls
Antigen
Significance” Cutoff® Significance Cutoff
Sul 0.0019 3.09 [64,77] 0.0001 2.59 [71,89]
Su2 0.0017 2.85 [66,89] 0.0001 2.95 [64,83]
CBS 1315 0.013 2.5[59,71] 0.0001 2.50[59,89]
VW 32 NS 0.03 1.04 [76,53]

“ Level of significance as determined following application of the Wilcoxon
test. NS, not significant.

b Cutoff values of ELISA (in percentages of the standard), following applica-
tion of ROC curves [sensitivity, specificity].

lesser degree by this procedure. In contrast, periodate oxida-
tion resulted in an increased ELISA signal for UC patients.
Few variations were observed in controls.

Antibody response in ELISA against S. cerevisiae Sul PPM
and its acid (AcS PPM) and alkali (AlS PPM) stable fractions.
Results obtained when the sera from patients were allowed to
react with the three antigens are shown in Fig. 6. The effect of
chemical treatment was more obvious for sera from CD pa-
tients with high antibody levels against PPM. The reactivity of
sera from other patients was less affected by these procedures.
Mild acid treatment resulted in an increase of antibody reac-
tivity in 21% of patients with CD. The overall reactivity of CD
patient sera for the acid-stable fraction remained significantly
different from the reactivity of other groups (CD versus UC, P =
0.0005 for AcS PPM and 0.0001 for PPM; CD versus controls,
P = 0.0001 for AcS PPM and P = 0.0001 for PPM). By
contrast, cleavage of O-glycosidic linkages of the PPM and
subsequent removal of alkali-labile oligomannosides resulted
in a systematic decrease of CD patient antibody responses,
leading to a less significant discrimination between CD and UC
patients (P = 0.005). The differences between UC and controls
remained unchanged from that revealed by the intact PPM.

Chemical analysis of S. cerevisiae mannans used as antigens.
Chemical analysis of the PPM from S. cerevisiae Sul, Su2, and
CBS 1315 revealed similar compositions of proteins, polysac-
charides, and phosphorus (Table 3). Acetolysis, followed by
Biogel P2 gel filtration chromatography led to the definition
of strain-specific oligomannosides patterns, as well as defi-
nition of the ratio of each oligomannoside (Table 3). For S.
cerevisiae Sul, the linkage types of mannobiose, mannotrio-
ses (which corresponded to two isomers), and the mannote-
traose are shown in Table 3. The peak corresponding to S.



VoL. 3, 1996

70 r=0.97

% Su?

20 o 90"
10 o

@ % Sul

r=0.28

% CBS 1315

05888883

©
2
2
-l

% C.albicans
-y
o

% Su1
©

FIG. 4. Correlations between CD patients’ serum reactivities in ELISAs
against phosphopeptidomannan from S. cerevisiae Sul and phosphopeptidoman-
nan from S. cerevisiae Su2, CBS 1345, and C. albicans VW32. @, ACD (n = 21);
O, QCD (n = 21).

cerevisiae Sul mannotetraose Man(1—3)Man(1—2)Man(1—
2)Man was shared by S. cerevisiae Su2 but not by the less
discriminating strain CBS 1315.

DISCUSSION

Evidence has been gathered of an antibody response against
S. cerevisiae antigen in patients with CD, but not in patients
with UC (1, 2, 4, 11, 19, 21, 25, 26). No explanation has been
found to the complex heterogeneity in both patient responses
and S. cerevisiae strain antigenicity (26). In this study we at-
tempted to define that component of the yeast that repre-
sented the best candidate(s) as epitope(s) supporting antibody
response in CD.

A preliminary screening of sera from patients with CD, UC
(either chronic or acute), and controls was performed by IFA.
Highly variable levels of human antibodies against yeast sur-
face antigens were detected, depending on the species and the
strains. Surface antigens of the endosaprophytic yeast C. albi-
cans did not discriminate between CD and UC patients. By
contrast, some S. cerevisiae strains (present in various diets) led
to discrimination between patients and controls. When PPM of
the most discriminative S. cerevisiae strain, Sul; the related
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brewing strain designated Su2; a wine-making strain, S. cerevi-
siae CBS 1315; and C. albicans VW32 were tested by ELISA
against a large panel of human sera, they mimicked the ability
of the respective intact yeast cell surface antigens to detect
antibodies associated with IBD. PPM from S. cerevisiae Sul
contained the most discriminating epitopes. The expression of
these epitopes was less important or absent in S. cerevisiae CBS
1315 and C. albicans VW32. Periodate oxidation selectively
denatures the polysaccharide components of the glycoproteins
(45). This oxidation resulted in a disappearance of serological
reactivity against S. cerevisiae Sul PPM in CD patients, dem-
onstrating that the discriminating epitopes were in the polysac-
charide and not in the protein moiety.

There are several questions regarding mannose-induced an-
tibody responses in CD. Despite the good sensitivity and spec-
ificity of ELISA testing with S. cerevisiae Sul PPM, some CD
patient sera failed to react. All patients with high anti-S. cer-
evisiae antibody levels had CD, but the reverse was not true; all
CD patients did not have anti-S. cerevisiae antibody. Differ-
ences in anti-S. cerevisiae antibody levels were not related to
steroid therapy or anatomical location or duration of the dis-
ease.

Different hypotheses concerning the origin of these antibod-
ies could be proposed. They must take into account the wide-
spread distribution of oligomannosides, for which the yeasts
represent a privileged model, since they express a complex
repertoire whose components may be shared by many unre-
lated molecules present in a wide variety of organisms (10, 20,
22, 30). The first hypothesis to consider is that anti-S. cerevisiae
antibodies may originate from immunization by yeasts. In this
instance, both dietary yeasts and yeast species that are natural
inhabitants of the gastrointestinal tract must be considered
immunogen candidates. An increased intestinal permeability
in CD might lead to an increased exposure of yeast antigens to
immune reactive cells (15, 43, 46, 47). The role of dietary yeast
has been explored (1, 2, 4, 11, 19, 21, 25, 26) without definitive
conclusions. By contrast, investigations concerning an anti-
genic stimulation from yeasts that colonize the digestive tract
have been limited. The yeast species most frequently isolated
as human commensals are C. albicans and C. glabrata (31).
And at least for C. albicans, an intense colonization of the gut
has been shown to generate a systemic antibody response (32).
Absence of specific serological reactivity of CD patients
against C. albicans has been documented and confirmed sev-
eral times, including in the present work. However, strains
used as antigens for these studies belong to C. albicans sero-
type A, which accounts only for 60 to 80% of human C. albi-
cans isolates (31). The other isolates belong to serotype B,
which differs from serotype A by several phenotypic character-
istics, including PPM antigenicity (39). It is worth noting that
McKenzie et al. (26) have already reported that C. albicans
serotype B absorbed antibodies to more S. cerevisiae strains
than did serotype A. As evidence has been obtained that C.
albicans surface antigens are highly variable in relation to
growth conditions (33), no definitive conclusions about the role
of yeast antigens as immunogens in Crohn’s disease can be
drawn without testing C. albicans serotype B reactivity and that
of C. glabrata. Interestingly, the mannan from this species
cross-reacted with S. cerevisiae serotype Ia and Ib mannans
(10).

A second hypothesis is that yeast mannan oligomannosides
could correspond to epitopes shared by other microorganisms.
On the basis of structural similarities (20, 29, 36), such cross-
reactivities could exist between polysaccharide moieties of
yeast PPM and Mycobacterium lipoarabinomannans (LAM).
To explore this hypothesis, all sera tested against yeast PPM
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FIG. 5. ELISA detection of antibody responses against S. cerevisiae Sul PPM before (@) and after (O) periodate oxidation in patients with ACD or QCD, patients

with UC, and blood donors (controls).

have been tested by ELISA against LAM from Mycobacterium
bovis as a representative mannosylated antigen of Mycobacte-
rium species. A double-blind collaborative study with Puzo’s
group (36) has not revealed any correlation between antibody
levels against both antigens (data not shown). This experiment
therefore suggests that the presently evidenced anti-S. cerevi-
siae antibody did not originate from an immunization resulting
from the presence of mycobacteria that have been implicated
as a potential etiologic agent of CD (40, 44).

The ubiquitous character of mannose residue sequences
raised a third hypothesis: some S. cerevisiae oligomannosides
could share structural homologies with oligomannosides ex-
pressed on human glycoconjugates (16) as autoantigens or
neoautoantigens.
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Whatever the mechanism, complexity and variability of both
the yeast oligomannoside repertoire and its recognition by the
human immune system require a precise identification of the
reactive oligomannosides. Partial depolymerization of the S.
cerevisiae Sul PPM by mild acid hydrolysis (Fig. 1B) has dem-
onstrated that the discriminating epitopes were not located in
PPM acid-labile components, since the acid-stable domain of
the PPM was able to differentiate patients with CD and UC as
well as the intact PPM. By contrast, removing alkali-labile
O-linked oligomannosides (Fig. 1A), although preserving the
differentiation between CD and UC, decreased the level of
reactivity (0.005 versus 0.0001). This suggests the presence of
discriminating epitopes in both the alkali-stable and the alkali-
labile domains of the PPM polysaccharide moiety.
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FIG. 6. ELISA detection of antibody responses in sera from different groups of patients against S. cerevisiae Sul PPM, Sul PPM AcS PPM, and Sul PPM AIS

PPM.
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TABLE 3. Chemical composition and acetolysis-released
oligomannosides from the PPMs of three S. cerevisiae strains

Result for:
Parameter CBS
Sul Su2 1315
% Proteins 52 4.4 5.1
% Phosphorus 0.16 0.10  0.15
% Carbohydrate 68 74 78
Mannose* 27 20 26
Mannobiose 34 [Man (1-2) Man]’ 36 36
Mannotriose 27 [Man (1-2) Man (1-2) Man], 30 38
[Man (1-3) Man (1-2) Man]
Mannotetraose 10 [Man (1-3) Man (1-2) Man 12
(1-2) Man]
Mannopentaose 2 2

“ Oligomannosides and mannose were released from PPM by acetolysis and
separated by gel filtration on a Bio-Gel P2 column. Composition of each fraction
was checked by thin-layer chromatography, and their respective percentages
were determined by the phenol-sulfuric method.

b Structure of oligomannosides released from Sul as determined by mass
spectroscopy of methylated and acetylated residues.

Specificity of antioligosaccharide antibodies depends on the
mannosyl chain length (9), the anomeric configuration (10, 29,
34, 39, 42), and the position of linkage (17). Thus it could be
speculated that, within the oligomannosidic repertoire of this
strain, the best candidate for an epitope discriminating be-
tween CD and UC is the mannotetraose. Mannotetraose was
present in both Sul and Su2 but not in the less discriminating
CBS 1315 strain; this mannotetraose, known as S. cerevisiae
serotype Ib (10), also occurred in the PPM alkali-labile domain
(Fig. 1).

In conclusion, we demonstrated that an antibody response
against a sequence of mannose residues was specifically asso-
ciated with CD. Experiments with purified oligomannosides
converted into neoglycolipids (7) are now in progress to con-
firm the nature of the discriminating epitope and to generate
specific monoclonal antibodies. As far as they are representa-
tive of the human polyclonal response, these probes may then
be useful from a clinical point of view to help in the diagnosis
of CD versus UC, for epidemiological studies as a subclinical
marker of CD, possibly in relation to intestinal permeability
(24), and in a more fundamental way in defining the nature of
the immunogen and the role of its oligomannosides as signals
for the immune system (38).
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