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Abstract
Background and Aim: Crohn’s disease (CD) is characterized by loss of tolerance to
intestinal microorganisms. This is reflected by serological responses to fungal glycans such
as mannan and β-glucans. Fungal glycans have various effects on immune cells. However,
the evidence for their effects in CD is vague. This study aimed to assess the effects of
fungal cell wall glycans on human peripheral blood mononuclear cells (PBMCs) from CD
and control patients.
Methods: Human PBMCs from CD and control patients were stimulated by fungal cell
wall glycans. Cytokine secretion was detected by ELISA and glycan receptor expression
by flow cytometry.
Results: Mannan, β-glucans (curdlan), chitosan, and zymosan induced the secretion of
interleukin (IL)-1β, IL-6, IL-23, IL-10, and tumor necrosis factor-α by PBMCs. Spleen
tyrosin kinase and Src tyrosine kinase were involved in the response to mannan and
β-glucans. Mannan and whole yeast cells induced a significantly higher pro-inflammatory
cytokine response in CD compared with control patients.
Conclusions: The results may suggest that CD is characterized by hyperresponsiveness
to fungal glycans. Thus, glycans may potentially be triggering or perpetuating
inflammation.

Introduction
The pathogenesis of inflammatory bowel diseases (IBD) including
Crohn’s disease (CD) and ulcerative colitis (UC) involves interactions between the immune system and intestinal microorganisms in
genetically susceptible individuals.1–3 Hence, upon a yet unknown
trigger, probably a component of the intestinal microflora, inappropriate activation of the intestinal mucosal immune system occurs in
susceptible subjects. This loss of tolerance may be reflected by the
production of antibodies directed against components of the intestinal flora. Our group and others have described the presence of
specific antibodies directed against bacterial and fungal antigens in
the sera of IBD patients, specifically those with CD.4–8 The identification of these antibodies has contributed to more accurate diagnoses of CD9–12 and enabled better stratification of CD into more
versus less aggressive phenotypes.5,12 Most CD-related antibodies
are directed against various glycans that characterize the fungal cell
wall, including commensal yeast such as Saccharomyces cerevisiae
and Candida albicans. The cell wall of these and other fungi is made
up of a complex network of glycans, whose layers are mostly
comprised of mannan (outermost), β-glucans, and chitin/chitosan
1976

(innermost).13,14 Thus, these glycans are the first to encounter the
host immune system.
The antifungal immune response is carried out primarily by
innate immune cells and is mediated by cell surface pattern recognition receptors (reviewed in Brown15), mainly by members of
the C-type lectin receptor (CLR) family that are able to recognize
fungal cell wall glycans (reviewed in Hardison and Brown16).
These receptors include dendritic cell-associated c-type lectin
(Dectin)-1 (CLEC7A),17–19 Dectin-2 (CLEC6A),18,20,21 and the
mannose receptor (MR).22
Previous studies have shown that β-glucans, mannan, and chitin
have various immunomodulating effects23–27 such as the stimulation
of reactive oxygen species production,28–31 phagocytosis,28,30,31 and
the secretion of various cytokines23,24,31,32 by human and mouse
innate immune cells. However, the evidence for their effects in CD
is vague.
We hypothesized that commensal fungi, specifically their
glycans, may be able to stimulate the immune system and that this
could be a step in the immunopathogenesis of CD. Hence, this
study aimed to investigate the inflammatory response of human
peripheral blood mononuclear cells (PBMCs) challenged with
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glycans and fungi, and its mechanism. We further asked whether a
differential response existed in CD patients.

free supernatants were obtained, and the concentration of
cytokines was determined by ELISA as indicated.

Patients and methods

Detection of surface glycan receptors. Glycan receptors were detected using immunostaining with the appropriate
fluorophore-conjugated antibodies, namely antihuman Dectin-1
(AbD Serotec, Oxford, UK), antihuman Dectin-2 (R&D Systems),
antihuman MR (Biolegend, San Diego, CA, USA), and anti-CD14
(Becton Dickinson, San Diego, CA, USA) and their matched
isotype controls. Cells were washed and acquisition was performed on a FACSCanto flow cytometer (Becton Dickinson) with
FlowJo analysis software, version 6.0 (Treestar, Ashland, OR,
USA) for data analysis.

Population. Peripheral blood was drawn from IBD patients
and healthy controls recruited at a tertiary IBD center, after obtaining informed consent. The study was approved by the local Ethics
Committee.
Isolation of PBMCs. Human PBMCs were isolated by
Ficoll-Hypaque density gradient centrifugation. Venous blood of
IBD patients and Healthy Controls (NL) controls was drawn into
citrate tubes, and the mononuclear cell fraction was obtained by
density centrifugation of blood diluted 1:3 in PBS over FicollHypaque (GE-Healthcare, Uppsala, Sweden). Cells were washed
twice in PBS and suspended in RPMI 1640 culture medium (Biological Industries, Beit HaEmek, Israel) supplemented with 10%
fetal bovine serum, 2 mM glutamine, 100 U/mL penicillin, and
100 μg/mL streptomycin, at a concentration of 5 × 106 cells/mL.
Cell activation and cytokine secretion. Freshly isolated PBMCs (5 × 105 cells at a final volume of 0.5 mL) were
cultured for 24 h at 37°C in a 5% CO2 humidified atmosphere with
zymosan, a cell wall preparation of S. cerevisiae (10 μg/mL),
curdlan (1→3)-β-D-glucan from Alcaligenes faecalis (10 μg/mL),
mannan (1–3)-α-linked mannose from S. cerevisiae (500 μg/mL),
and chitosan lactate from crab shells (> 90% deacetylation,
500 μg/mL), all purchased from Sigma-Aldrich (Sigma-Aldrich
Israel Ltd., Rehovot, Israel), or Lipopolysaccharide (LPS) (10 ng/
mL) (Invivogen, San-Diego, CA, USA). Cell-free supernatants
were obtained, and the concentration of the cytokines (interleukin
(IL)-1β, IL-6, IL-23, IL-10, Interferon-γ [IFN-γ] and tumor necrosis factor-α[TNF-α]) was determined by ELISA (R&D Systems,
Minneapolis, MN, USA). For inhibition assays, cells were
preincubated for 30 min with 0.1–2 μM Src inhibitor PP2 or its
control peptide PP3, 20–50 μM spleen tyrosin kinase (Syk) inhibitor piceatannol, Syk inhibitor II (Calbiochem, San Diego, CA,
USA), or 0–200 μg/mL laminarin from Laminaria digitata
(Sigma-Aldrich).
PBMC stimulation by heat killed yeast cells.
Candida albicans strain CBS-563 (kindly supplied by Dr Nir
Osherov from the Department of Clinical Microbiology and
Immunology, The Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel) and S. cerevisiae strain BYα (kindly supplied
by Dr Martin Kupiek from the Department of Molecular Microbiology and Biotechnology, Tel Aviv University, Tel Aviv, Israel)
were used for PBMCs stimulation.
Yeasts (S. cerevisiae and C. albicans) were seeded into Difco
Sabouraud dextrose agar (Becton Dickinson, Sparks, MD, USA)
plates and incubated at 28/37°C, respectively. After 48 h, a typical
colony was chosen and suspended in PBS. Yeast cells were
counted and resuspended to a density of 1 × 108 cells/mL before
heat killing at 100°C for 30 min. PBMCs (5 × 105 cells at a final
volume of 0.5 mL) were cultured with 1 × 105 heat-killed yeast
cells for 24 h at 37°C in a 5% CO2 humidified atmosphere, cell-

Statistical analysis. Statistical analysis used IBM SPSS statistics 20 (IBM SPSS Statistics, Chicago, IL, USA). Data are
reported as the mean ± standard error of the mean of at least three
independent experiments. Differences in values were tested for
significance by a Student’s t-test or a Mann–Whitney rank sum
test, depending on whether the data were normally distributed. A
value of P ≤ 0.05 was considered significant.

Results
Twenty-eight subjects (18 IBD and 10 healthy controls) were
recruited. Of the IBD patients, 13 had CD (female : male 5:8) and
5five UC (femal : male 1:4). Their mean age was 37.4 ± 13 (range:
26–73) and 41.4 ± 15.9 (range: 24–66) years for CD and UC,
respectively. All IBD patients had non-active or minimally active
disease (Crohn’s Disease Activity Index < 170, Mayo score ≤ 1)
(Table 1) during blood sampling.
Of the 10 healthy subjects recruited, six were males, and the
mean age was 33.3 ± 5.4 (range: 27–46) years (P = Non Significant (NS) vs IBD patients).
Yeast induces higher TNF-α and lower IL-10 secretion by CD compared with NL PBMCs. Antifungal
glycan serological responses characterize CD patients to a greater
extent than either UC patients or healthy controls. We hence investigated whether differential responses to fungal stimulation existed
in CD patients. To this end, we used heat-killed S. cerevisiae and
C. albicans yeast cells to stimulate PBMCs from CD and UC
patients and healthy controls (NL), and cytokine secretion was
assessed using ELISA. Higher TNF-α secretion by CD compared
with NL PBMCs was induced by C. albicans (5876 ± 1543.0 vs
2469 ± 3355.2 pg/mL, P = 0.03) and S. cerevisiae (5328 ± 1596 vs
3026 ± 716.9 pg/mL, P = 0.29). In contrast, lower IL-10 secretion
by CD compared with NL PBMCs in response to S. cerevisiae
(56 ± 18.7 vs 253 ± 54.6 pg/mL, P = 0.007) and C. albicans
(297 ± 115.7 vs 440 ± 191.3 pg/mL, P = 0.52) was observed
(Fig. 1). Cytokine secretion by UC PMBCs was comparable with
NL. Of note, comparable LPS-induced TNF-α and IL-10 secretion
by NL, CD, and UC PBMCs were detected (TNF-α: 1737 ± 270.1,
1691 ± 301.9, 1661 ± 200.7; IL-10: 1643 ± 150.9, 1710 ± 292.4,
968 ± 664.8 in NL, CD, and UC respectively). Taken together, this
suggests that in CD, yeasts induce a skewed pro-inflammatory
response.
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Patient characteristics

Gender (F/M)
Age at sample date (mean years ± SD, range)
Disease location
Ileal
Colonic
Ileocolonic
Disease behavior
Non-penetrating Non-stricturing
Penetrating
Stricturing
Treatment
None
Anti-TNF-α
AZA/6MP
5-ASA

CD (n = 13)

UC (n = 5)

Healthy controls (n = 10)

5/8
37.4 ± 13.0 (26–73)
5
1
7
4
3
6
3
1
9
2

1/4
41.4 ± 15.9 (24–66)
—
5
—
—
—
—
0
0
1
5

6/4
33.3 ± 5.4 (27–46)
—
—
—
—
—
—
10
—
—
—

5-ASA, 5-aminosalicylic acid; AZA/6MP, Azathioprine/6-mercaptopurine; CD, Crohn’s disease; SD, standard deviation; TNF-α, tumor necrosis factor-α;
UC, ulcerative colitis.

Figure 1 Yeast induce higher tumor necrosis factor-α (TNF-α) and lower interleukin (IL)-10 secretion by Crohn’s disease (CD) compared with NL
peripheral blood mononuclear cells (PBMCs). PBMCs from CD (n = 4, black columns) and ulcerative colitis (UC) (n = 3, grey columns) patients as well
as NL controls (n = 3, white columns) were stimulated with heat-killed (a) Saccharomyces cerevisiae or (b) Candida albicans (106 cells/mL). Cells were
incubated for 20 h, and the secretion of TNF-α and IL-10 was determined in cell culture supernatants by ELISA. Data are presented as mean ± standard error (SE) of cytokine concentration (pg/mL), *P ≤ 0.05, ns—non-significant versus NL, Mann–Whitney rank sum test. , NL; , CD; , UC.

Fungal glycans induce cytokine secretion by
human PBMC. To examine the specific effect of different
fungal cell-wall glycans, we first asked whether fungal glycans
would activate PBMCs from normal controls (NL). NL PBMCs
(n = 10) were cultured with fungal glycans (concentrations are
indicated in Fig. 2 legend) and cytokine (TNF-α, IL-10, IFN-γ)
secretion to cell culture supernatants after 24 h of incubation was
measured using ELISA.As illustrated in Figure 2, mannan, curdlan,
and zymosan induced significant TNF-α and IL-10 secretion by NL
PBMCs (P < 0.05 compared to untreated PBMCs). In contrast,
chitosan induced only minor IL-10 secretion. IFN-γ secretion in
response to all glycans tested was non-significant (data not shown).
The glycan receptors Dectin-1, Dectin-2, and MR
are expressed by human peripheral monocytes. As
antifungal immune response has been reported primarily in
myeloid cells,33,34 we next asked whether human monocytes
expressed the major receptors involved in fungal recognition and
response.15,35,36 To this end, freshly isolated PBMCs were stained
1978

with antibody to the human monocyte marker CD14 together with
antibodies to the glycan receptors Dectin-1, Dectin-2, or MR.
Expression was detected using flow cytometry. As seen in
Figure 3, Dectin-1, Dectin-2, and MR expression by CD14+
peripheral monocytes was observed.
Glycan-induced cytokine secretion is Syk- and
Src-dependent. The β-glucan receptor Dectin-1 and the
mannan receptor Dectin-2 signal via Syk, followed by downstream
activation of Src.21,28,37 To determine whether glycan activation of
PBMCs involved this signaling pathway, we assessed the effect of
Syk and Src inhibition on glycan-induced cytokine secretion by
PBMCs. Significant (> 80%, P < 0.05 vs no inhibition) inhibition
of mannan and β-glucan, but not chitosan-induced TNF-α secretion was detected when PBMCs were preincubated with Syk
inhibitors (piceatannol, Fig. 4a, and Syk inhibitor cat. 574711
Calbiochem, Merck-Millipore, Darmstadt, Germany; data not
shown). Significant (> 85%) inhibition was detected when PBMCs
were preincubated with the Src inhibitor PP2 (Fig. 4b) as well
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Figure 2 Fungal glycans induce cytokine secretion by peripheral blood mononuclear cells (PBMCs). PBMCs from NL controls (n = 10) were
stimulated with 10 μg/mL zymosan, 10 μg/mL curdlan, 500 μg/mL chitosan, 500 μg/mL mannan, or 10 ng/mL LPS as a positive control. Non-treated
(NT) PBMCs served as negative control. Cells were incubated for 20 h, supernatants were collected, and the secretion of (a) tumor necrosis factor-α
(TNF-α) and (b) interleukin (IL)-10 was determined by ELISA. Data are presented as the mean ± standard error (SE) (n = 10) of cytokine concentration
(pg/mL), *P ≤ 0.001 versus NT, Student’s t-test.

Figure 3 Glycan receptors are expressed by
human peripheral blood monocytes. Peripheral blood mononuclear cells (PBMCs) from
NL controls were double stained with antiCD14 and antidendritic cell-associated c-type
lectin (Dectin)-1, Dectin-2, and mannose
receptor (MR) (gray-filled histograms and
columns) or isotype-matched control Ab
(white histograms and columns). Expression
was assessed by flow cytometry. (a) Representative histograms of at least three experiments of glycan receptor expression by
CD14+ cells. (b) Mean fluorescence intensity
(MFI) of each receptor, presented as average
of 3 experiments ± standard error (SE),
*P ≤ 0.01 versus control Ab, Student’s t-test.

(P < 0.05 vs no inhibition). This not only suggested that Syk and
Src participate in glycan-induced signaling, but further supported
our finding that Dectin-1 and Dectin-2 mediate glycan effects.
β-glucan-induced cytokine secretion is Dectin-1
dependent. We then examined whether Dectin-1, the β-glucan
receptor, mediated glycan stimulation of PBMCs. The Dectin-1

antagonist laminarin was incubated with PBMCs for 30 min
before adding curdlan or zymosan. Importantly, laminarin inhibited zymosan and curdlan-induced TNF-α secretion by PBMCs in
a dose-dependent manner (Fig. 5). The resulting inhibition of
curdlan- and zymosan-induced TNF-α secretion was 64% and
74%, respectively, suggesting that Dectin-1 is indeed involved in
β-glucan-induced PBMC activation.
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Figure 4 Glycan-induced cytokine secretion is Syk and Src dependent. Peripheral blood mononuclear cells (PBMCs) from NL controls (n = 3) were
preincubated with/without (a) the Syk inhibitor piceatannol (20–50 μM) or (b) the Src inhibitor PP2 for 30 min before addition of glycans: zymosan
(10 μg/mL), curdlan (10 μg/mL), mannan (500 μg/mL), and chitosan (500 μg/mL). Cells were incubated for 20 h, and the secretion of tumor necrosis
factor-α (TNF-α) was determined in cell culture supernatants by ELISA. Data are presented as mean of all experiments ± standard error (SE) of
cytokine concentration (pg/mL), *P ≤ 0.05 versus (a) no inhibitor ( , no inhibitor; , Syk inhibitor 20 μM; , Syk inhibitor 40 μM; , Syk inhibitor
50 μM) or (b) versus PP3 ( , PP3 2 μM; , PP2 0.1 μM; , PP2 0.5 μM; , PP2 2 μM) (control peptide for Src inhibitor), Student’s t-test.

Figure 5 β-glucan-induced cytokine secretion is dendritic cell-associated c-type lectin (Dectin-1) dependent. Peripheral blood mononuclear cells
(PBMCs) from healthy controls (n = 3) were preincubated with/without laminarin (0–200 μg/mL) for 30 min prior to the addition of 10 μg/mL (a)
zymosan ( ) or (b) curdlan ( ). Cells were incubated for 20 h, and the secretion of tumor necrosis factor-α (TNF-α) into cell culture supernatants was
determined by ELISA. Data are presented as the mean of experiments ± standard error (SE) of cytokine concentration (pg/mL) *P ≤ 0.05 versus no
inhibitor, Student’s t-test.

Mannan induces higher pro-inflammatory cytokine
secretion by CD compared with NL PBMCs. We next
investigated whether differential responses to specific glycan
stimulation existed in CD patients. To this end, PBMCs from CD
and UC patients and normal controls (NL) were stimulated
with glycans, and cytokine secretion was assessed using ELISA.
Interestingly, mannan induced significantly higher levels of
the pro-inflammatory cytokines TNF-α, IL-1β, IL-6, and IL-23
by CD, but not UC patients, compared with NL (Fig. 6). In contrast, zymosan-, curdlan-, and chitosan-induced cytokine secretion by CD, UC, and NL PBMCs was comparable. All glycans
1980

induced comparable IL-10 secretion by CD, UC, and NL
PBMCs.

Discussion
Glycans, specifically mannan, β-glucans, and chitin are abundant
fungal cell wall components. As fungi are abundant environmental
(including intestinal) residents, their glycans may be the first to
trigger immune responses. This may explain phenomena such as
the existence of antifungal immune responses in CD patients. The
immunological effects of fungal glycans have been observed in
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Figure 6 Mannan induces higher pro-inflammatory cytokine secretion by Crohn’s disease (CD) compared with NL PBMCs. Peripheral blood
mononuclear cells (PBMCs) from patients with CD (black columns, n = 11) and ulcerative colitis (UC) (gray columns, n = 5) patients as well as NL
controls (white columns, n = 10) were stimulated or not (NT) with zymosan (10 μg/mL), curdlan (10 μg/mL), mannan (500 μg/mL), and chitosan
(500 μg/mL). Cells were incubated for 20 h, and the secretion of tumor necrosis factor-α (TNF-α), inerleukin (IL)-1β, IL-23, IL-6, and IL-10 was
determined in cell culture supernatants by ELISA. Data are presented as mean ± standard error (SE) of cytokine concentration (pg/mL), *P ≤ 0.05,
ns—non-significant versus NL, Mann–Whitney rank sum test. , NL; , CD; , UC.

experimental murine models23,26,27,29–32 and in human cells.24,27,28
However, data on the effects of glycans in CD patients are scarce.
We hypothesized that commensal fungi, specifically their glycans,
can stimulate the immune system and that this may be a step in the
immunopathogenesis of CD.

We hereby show that yeast-induced TNF-α secretion was higher
and IL-10 secretion was lower by CD compared with NL PBMCs.
PBMCs express the glycan receptors Dectin-1, Dectin-2, and MR,
and respond to fungal glycans by secretion of various cytokines in
a Syk and Src dependent pathway. Finally, the secretion of
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mannan-induced pro-inflammatory cytokines was higher in CD
than in NL PBMCs.
Fungi are recognized by a number of immune receptors, among
which Dectin-1 has emerged as key mediator for phagocytosis and
of fungal killing by phagocytes. Dectin-1 is a CLR that recognizes
β-(1, 3)-glucans, a major constituent of fungal cell walls.14 We
confirmed that the effects of β-glucans (both curdlan and
zymosan) can be blocked using the Dectin-1 antagonist laminarin.
β-Glucans stimulated PBMCs to secrete pro-inflammatory and
regulatory cytokines in a Syk- and Src-dependent pathway. These
results are consistent with data reported by Elsori et al.28 showing
that Dectin-1 is the primary receptor for zymosan-induced O2−
production by human monocytes, and identified Syk and Src as
signaling components downstream of Dectin-1. Furthermore, these
results are consistent with findings reported in Kankkunen et al.24
and Skrzypek et al.38 indicating that Dectin-1 is important for
cytokine production, as well as phagocytosis, oxidative burst in
response to β-glucans/C. albicans, and that this response was Sykdependent.
Our data that mannan activated PBMCs in a Syk- and Srcdependent pathway are specifically intriguing. Among the receptors recognizing α-mannan, Dectin-2 is known to act via Syk
signaling.20 The inhibition of mannan-induced TNF-α secretion
following Syk or Src inhibition are indicative of the role of
Dectin-2 in the response of PBMCs to mannan. As shown in
Figure 3, human monocytes express Dectin-2. Dectin-2 expression is consistent with a previous report by Gavino et al., who
showed that human monocytes constitutively expressed Dectin-2
mRNA.39 Recently, Zhu et al. found that similarly to Dectin-2, a
newly characterized CLR, Dectin-3, recognizes α-mannans on
C. albicans cell surface and induces Syk-mediated activation.
These authors also showed that Dectin-3 forms a heterodimeric
complex with Dectin-2, enabling innate immune cells to sense
fungal infection.40 While Dectin-3 expression by PBMCs was not
assessed in the current study, its combined activity with Dectin-2
suggests that it might be present on these cells.
The observation that chitosan-induced TNF-α secretion was
Syk and Src independent indicates that chitosan is not recognized
by either Dectin-1 or Dectin-2. Furthermore, this may suggest that
chitosan effects are mediated by MR, a CLR known to recognize
N-acetylglucosamine residues (the building blocks of chitin/
chitosan) via a signaling pathway that is still unknown (reviewed
in Taylor et al.41).
Evidence has been accumulating regarding the mechanisms that
are used by CLRs to drive adaptive immunity, such as stimulating
TH17 differentiation (reviewed in Hardison and Brown16). While
the current study focused on direct glycan recognition and innate
immune responses, specific T-cell populations may have a role in
glycan-induced immunity. Finally, the combination of cytokines
secreted after fungal glycans activation suggests that the engagement of lectin receptors can induce innate as well as adaptive
immune responses.
The central function of Syk and Src signaling in the differential responses of CD patients to mannan highlights the potential
importance of this signaling pathway in CD. It may also
suggest that substances modulating this pathway, such as the
Syk inhibitor Fostamatinib/R788, recently suggested as therapy
in other inflammatory diseases,42 may be effective in CD as
well.
1982

Mannan, chitosan, and β-glucans are all yeast antigens and
widespread components of food. A proportion of CD patients
develop antibodies against these antigens, such as ASCA (antiS. cerevisiae antibodies), ALCA (antilaminarobioside carbohydrate antibodies), and antichitobiose carbohydrate antibodies
directed against mannan, β-glucan, and chitosan moieties, respectively.4,7,43 The presence of these antibodies may reflect specific
loss of tolerance toward commensal fungi such as S. cerevisiae and
C. albicans. However, little is known about the interaction of fungi
with the mucosal immune system in states of mucosal homeostasis
and inflammation such as the one observed in CD. Interestingly,
Ruutu et al. reported that β-glucan triggers spondylarthritis and
CD-like ileitis in SKG mice.44 Moreover, deficiencies in Dectin-1
result in enhanced susceptibility to pathogenic fungal infections in
humans and mice.19,45 These findings, together with the strong
association of ASCA and ALCA with CD,4,7,43 suggest a possible
link between immune responses to commensal fungi and intestinal
inflammation.
In support of this, higher secretion of pro-inflammatory
cytokines in response to mannan was induced in CD (but not UC)
patients. These results may thus be a step in the loss of immune
tolerance toward gut microflora ascribed to CD patients and
reflected by the characteristic serological response to mannan
(ASCA) commonly found in CD patients.
Seibold et al. reported an association between mannan-binding
lectin (MBL) deficiency and ASCA prevalence in CD.46 MBL is
considered to be part of the innate immune response, specifically
the lectin activation pathway of complement.16 Muller et al. showed
that lack of MBL resulted in the acceleration of experimental
colitis.47 Taken together, this may indicate that impaired innate
recognition/reaction to mannan may lead to an inadequate adaptive
immune response toward mannan-bearing microorganisms.
The absence of a differential response to β-glucans or chitosan
in CD compared with NL PBMCs may be due to the predominance
of mannan on the surface of intact yeast cells, masking the
β-glucan and chitin layers beneath it.13,14 Wheeler and Fink identified a network of genes involved in masking β-glucans from the
immune system. These authors showed that heat inactivation as
well as other environmental conditions may alter the expression of
these genes and consequently affect the exposure of β-glucans to
immune cells, resulting in their increased ability for immune
stimulation.48
Candida albicans and β-glucan have been shown to induce
priming of human PBMCs in vitro, as reflected by enhanced
cytokine production following stimulation with TLR ligands and
bacterial commensals.49 Here, we found increased TNF-α along
with decreased IL-10 secretion in CD patients compared with
controls in response to heat-killed C. albicans and S. cerevisiae.
This response is the outcome not only of mannan stimulation, but
also of a network of fungal cell wall glycans including β-glucans
and chitin that were exposed by heat inactivation.
CD patients had no or minimal inflammatory activity. Importantly, they also minimally used therapies. This enabled us to focus
on intrinsic immune responses to glycans, as patients with more
active disease are usually treated with immunomodulation and
biologic therapies that may potentially skew the results. Thus, one
of the strengths of our study is showing that hyperresponsiveness
to mannan is an intrinsic characteristic of CD patients as the results
were not influenced by disease flare up or medical therapy.
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As CD affects primarily the intestinal mucosa, and mucosal cells
are the first to encounter intestinal antigens, whether bacterial or
fungal, a major question is whether mucosal immune responses to
fungi will be skewed similarly to peripheral ones. The issue of
comparing and contrasting mucosal and peripheral immune
responses to glycans is the focus of further studies. Noticeably, if
fungal glycans would have a similar pro-inflammatory effect in the
lamina propria, interventions aimed to ameliorate this effect could
be planned.
Overall, our findings indicate that fungal glycans and whole
yeast cells induce the secretion of various cytokines by PBMCs.
Furthermore, mannan-induced pro-inflammatory cytokine secretion was significantly higher in CD. Given these data, it is plausible that there is a distorted chronic stimulation of immune cells
by fungal antigens in CD, which is reflected by antibodies to
specific fungal cell wall components. This may account for the
differences between CD and NL PBMCs described in this article,
and potentially represent comparable effects in mononuclear cells
in the intestinal lamina propria.
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