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ABSTRACT

Candida albicans is an immunogen for anti-Saccharomyces cerevisiae antibodies (ASCA),
a serological marker of Crohn’s disease. ASCA has also been reported in other autoimmune
diseases, including coeliac disease (CeD). A strong antibody response against Hwp1, a protein
associated with invasive hyphal form of C. albicans which presents peptide sequence homologies
with gliadin, has also been described in CeD. This observation supports the hypothesis that
C. albicans hyphal transition in C. albicans may trigger CeD onset through a mechanism of
molecular/antigenic mimicry. In this study, we assessed whether the anti-C. albicans oligoman-
nose and anti-Hwp1 protein responses may be linked despite their different pathophysiological
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significance. The measurement of ASCA levels in a cohort of patients involved in our previous
Hwp1 study showed a significant correlation between the two biomarkers. This new observation

further reinforces the link between C. albicans and CeD.

Introduction

Candida albicans, a natural commensal of the human
digestive tract and vagina, is the most frequent oppor-
tunistic fungal pathogen at mucosal and systemic levels
[1-3]. High rates of morbidity and mortality have
aroused interest in identifying the molecular mechan-
isms associated with saprophytic-pathogenic transition
[2-4]. These investigations have led to the identifica-
tion of human antibodies that target C. albicans anti-
gens that are expressed under pathogenic conditions.
Those of these antibodies that have been the more
investigated are paradoxically named anti-S. cerevisige
antibodies or ASCA [5]. This denomination originates
from translational investigations on inflaimmatory
bowel diseases where a test, based on yeast antigens,
was shown to be a strong serological marker discrimi-
nating Crohn’s disease (CD) from ulcerative colitis
(UC) [6]. It is only later that C. albicans was demon-
strated to be an immunogen for anti-yeast oligoman-
nose antibodies supporting the ASCA response [7].
Indeed, following saprophytic-pathogenic transition
C. albicans expresses the oligomannose present in
S. cerevisiae mannan and makes it accessible to host
immune system. As a consequence, high levels of ASCA

are detected in hospital patients with invasive candidia-
sis -IC- [8]. More recently ASCA were reported in
a wide range of autoimmune diseases [9-14]. including
CeD [15]. Ongoing research into the mutual regulation
between C. albicans and the immune system in the
digestive tract [16-18] prompted us to investigate
ASCA levels in CeD.

We previously published a serological study suggest-
ing that a molecular mimicry between Hpwl, a protein
of C. albicans invasive mycelial form and gliadin,
C. albicans could be a trigger of CeD [19]. Hwpl
binds covalently to human epithelial cells using
human transglutaminase due to sequence similarities
with human proline-rich proteins, the natural sub-
strates of transglutaminase [20]. The sequence homo-
logies between Hwp1 and the T epitopes of the dietary
gliadins, involved in CeD, led to the hypothesis that
C. albicans could serve as an “adjuvant” stimulating the
production of anti-gluten antibodies as well as anti-
transglutaminase autoantibodies [21]. This hypothesis
could provide a possible explanation for the commonly
observed sudden occurrence of CeD in adult patients
who had previously tolerated gluten. In order to assess
its validity, we conducted a study in patients with CeD,
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patients with invasive candidiasis (IC), and healthy
subjects, comparing the serological responses against
Hwpl, gliadins, tissue transglutaminase, as well as to
gliadin and Hwpl peptides deamidated or not. Our
results [19] were consistent with the initial hypothesis
that even a subclinical infection caused by this ubiqui-
tous opportunistic commensal organism, could trigger
CeD following its yeast-to-hyphal transition [22,23].

In this second study we intended to analyse the
relations between ASCA and anti-Hwp1 responses dur-
ing CeD. The rationale was that, despite being radically
different in terms of molecular targets (ASCA epitopes
are glycans and anti-Hwpl epitopes are peptide
sequences) these antibody responses, reported indepen-
dently in CeD, are both induced by C. albicans patho-
genic phase. To reach this objective, we analysed
serological responses against ASCA antigens and
Hwpl in CeD, but also in sera of patients with IC as
relevant controls of an immune response associated to
a C. albicans pathogenic switch.

Materials and methods
Study design and population

Sera were obtained from 87 patients with CeD, 46 patients
with IC and 98 healthy controls (HC). For the second part
of the study CeD patients were classified according to
their adherence to GFD 1 = strict adherence to a GFD
in the previous 2 months (53 patients); 2 = no strict
adherence to a GFD in the previous 2 months (34
patients). All sera had previously been subjected to ser-
ological testing for the diagnosis of CeD and had been
stored at —80°C. Anti-transglutaminase IgA and IgG
(IgA-tTG and IgG-tTG, respectively) were detected
using an ELISA kit purchased from Pharmacia
Diagnostics (Freiburg, Germany). Anti-gliadin IgG and
IgA (IgAG-AG) were detected using an ELISA kit
(Biomedical Diagnostics, Noorderlaan, 139, 2030
Antwerpen, Belgium ASCA IgGAM antibodies were
detected by ELISA using plates coated with phosphopep-
tidomannan from S. cerevisiae SUI, as previously
described [5,6]. Detection of anti-Hwpl antibodies were
detected on ELISA plates sensitized with the recombinant
N-terminal part of Hwpl cloned, expressed, and purified
as described previously [19]. Binding of IgG was revealed
using an anti-human IgG Bio-Rad peroxidase conjugate.

Statistical analysis

Continuous variables are expressed as medians
[ranges]. Antibody levels were compared using analysis
of variance (ANOVA) after rank transformation. Post-

hoc analysis was performed using Bonferroni correc-
tion. The interrelation between anti-Hwpl antibodies
and ASCA and the association between changes in
antibody titres and adherence to a gluten-free diet
(GFD) were assessed using Spearman’s correlation
coefficient. The Mann-Whitney U test was used for
comparisons according to GFD adherence.

All statistical analyses were performed using the SAS
software version 9.1 (SAS Institute Inc., Cary, NC
25,513). Statistical significance was set at p < 0.05.

Results

The distribution of anti-Hwpl antibodies and ASCA in
the three study groups is shown in Figure 1. As
reported previously, the antibody response against
Hwpl differed significantly between patients with IC
and HC, as well as between HC and CeD patients
suggesting that Hwpl could be the same target for
patients’ humoral response in IC and CeD. With regard
to ASCA, identical results were observed, namely that
this response as the one anti-Hwp1 did not differentiate
an infectious process from an autoimmune pathology
but was significantly different from that in HC.

Finally, a significant correlation was shown between
the two different targets of anti-C. albicans immune
response, i.e Hwpl and ASCA antigen, both in patients
with invasive candidiasis and patients with coeliac disease
(0.0003 and 0.01, respectively; COOR procedure,
Spearman’s test). A scatter plot of Hwpl and ASCA
ELISA antibody signals illustrates this correlation
(Figure 1 panel C) . Although the r was not optimal for
the entire population of CeD patients (0.4), the removal of
outlier points, automatically detected and eliminated by
Prism 10 software, led to a better correlation (r=0.7).
Noticeably, all outlier points corresponded with the rare
patients with no compliance to GFD.

A significant decrease in anti-transglutaminase IgG (not
IgA) and anti-gliadin IgA-G levels was observed in patients
with good adherence to a GFD (Figure 2). The decrease in
anti-Hwpl IgG was not significant because of the persis-
tence of a subset of patients with high anti-Hwp1 antibody
levels after strict GFD adherence, suggesting that different
epitope-memory cells may be involved. As for Hwpl, there
was a trend towards lower ASCA levels after a GFD,
although this was not statistically significant.

Discussion

This brief report shows for the first time that two types
of antibody responses generated by C. albicans infec-
tion, targeting a protein expressed during the patho-
genic phase [19] and oligomannoses expressed in the
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Figure 1. Distribution of anti-Hwp1 antibodies (panel A) and ASCA (panel B) in sera from 78 patients with coeliac disease (CeD), 46
sera from 41 patients with C. albicans infection (IC) and 98 sera from healthy controls (HC). The significance of discrimination
between the different groups is represented as the p value. A spearman correlation coefficient between ASCA titres and IgG anti-
Hwp1 antibody titres (panel C) were calculated for raw data (black curve) and for data without outliers (red curve). Outliers points
were automatically detected and eliminated by prism 10 software by applying a Q = 1%.

mannan and polysaccharide moieties of glycoproteins
of the pathogenic phase [7], are markers of IC [8], but
also markers of CeD [24]. Of note, as native C. albicans
Hwpl is mannosylated the use of a non-glycosylated
form produced in E. coli remove ambiguity about pos-
sible overlaps.

While our previous study on Hwpl strengthened the
hypothesis that C. albicans could trigger CeD through
molecular mimicry with gliadin involving transglutami-
nase, the present observation addresses the question of
the simultaneous presence of ASCA in this disease. In
CeD, it is conceivable that ASCA positivity correlates
with (auto) immune inflammation [25]. Previous reports
interpreted the presence of ASCA as a result of increased
intestinal permeability secondary to an impaired small-
bowel mucosa [26] or as a loss of self-tolerance [27]. We
also noted a decrease in ASCA after a GFD. However this
was not statistically significant due to the limited number
of patients enrolled in the second part of our study. We also

noticed that complete absence of compliance impacted
more ASCA than anti-Hwpl levels (Figure 1 panel C).
Previous studies actually described a decrease in ASCA
IgA and IgG in larger cohorts of patients with CeD on
GFD [28] with a longer follow-up. Another study reporting
the decrease of ASCA after GFD in CeD suggested that
a microbial target could play a role in early stages [29].
Interestingly, in both CD and CeD [30,31], ASCA were
shown to correlate with antibodies against pancreatic secre-
tory granule membrane glycoprotein 2 (GP2), the first
human antigen against which an antibody response has
been described in CD [32]; in CeD anti-GP2 antibodies
were shown to decrease after GFD, but their persistence
associated with CeD refractory to GFD [33]. A study show-
ing that first degree relatives of CeD patients showed
increased ASCA seroreactivity unrelated to HLA, sug-
gested a role for other genetic and/or environmental factors
[34]. However, as far as a genetic basis is discussed for
ASCA in CeD, there is an important difference to consider
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Figure 2. Reactivity of sera from patients with coeliac disease (CeD) according to their adherence to a gluten-free diet (GFD) and sera
from patients with C. albicans infection. 1= strict adherence to a GFD in the previous 2 months; 2 = no strict adherence to a GFD in
the previous 2 months. IgA-tTG, IgAG-AG, anti-Hwp1 IgG, and ASCA results are expressed as optical density (450 nm), and all other

results are expressed as AU.

with CD where, once the disease is triggered, ASCA remain
stable throughout patient’s life regardless of medical or
surgical treatments [24].

One of the limitation of the current study is the
absence of comparison of IgG and IgA against each
molecular target throughout that would have pro-
vided more analytical clues [16]. Another limitation
could be that the coincidence established between
ASCA and Hwpl is only related to hyphal antigens
and not yeast antigens. However, it should be first
mentioned that ASCA antigens are expressed in vivo
on the surface of yeasts forms infecting human
tissues [7]. Furthermore although regulatory circuits
are different between yeast and hyphal growth
forms, no antigen specific for yeast form -excepted
oligomannosides- could be identified so far for test-
ing this hypothesis. Nevertheless this question of
morphogenic shift influence would be interesting
to address by testing antibody response against
another germ tube protein antigen than Hwpl.
Among these, Als3, against which human IgA anti-
body response is preferentially targeted to maintain
C. albicans intestinal fitting, would be as strong
candidate [35].

In conclusion, besides being a possible trigger of CeD
autoimmune processes via Hwpl, C. albicans is an ASCA
immunogen in this condition. The correlation between
antibodies against these two virulence antigens of
C. albicans reinforces the hypothesis that C. albicans
could act as a trigger and a contributor to inflammation
in CeD.
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