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Effects of fungal cell wall polysaccharides
and lipopolysaccharide on in vitro tumour
necrosis factor alpha production by
peripheral blood mononuclear cells of

sarcoidosis patients

Ucinki polisaharidov iz celicne stene gliv in lipopolisaharida
na in vitro sintezo tumorskega nekroznega dejavnika alfa v
mononuklearnih celicah iz periferne krvi bolnikov s sarkoidozo

Sanja Stopinsek,* Marjeta Tercelj, Barbara Salobir,? Branka Wraber,* Alojz Ihan,!

Ragnar Rylander,® Sasa Sim¢i¢!

Izviecek

Izhodis¢a: Zivljenje v vlaznem in plesnivem
okolju povezujejo z visokim dejavnikom tvega-
nja za sarkoidozo. V zadnjem casu ugotavljajo,
da so v imunopatogenezo sarkoidoze morda
vpletene glive. Izdelali smo model za prouceva-
nje in vitro u¢inkov polisaharidov iz celi¢ne ste-
ne gliv na sintezo citokinov v mononuklearnih
celicah iz periferne krvi (PBMC). S tem mode-
lom smo Zeleli ugotoviti, ali razli¢ni polisaharidi
iz celi¢ne stene gliv spodbudijo razli¢no sintezo
tumorskega nekroznega dejavnika alfa (TNF-a)
v PBMC. Prav tako smo Zeleli preveriti, ali poli-
saharidi iz celi¢ne stene gliv modulirajo sintezo
TNF-a, ki jo spodbudi lipopolisaharid (LPS).
Nazadnje pa smo zeleli ugotoviti, ali obstajajo
morebitne razlike v spodbujanju sinteze TNF-a
s polisaharidi iz celi¢ne stene gliv v PBMC med
bolniki s sarkoidozo in zdravimi osebami.

Metode: V raziskavo je bilo vkljucenih enajst
bolnikov s sarkoidozo in enajst zdravih oseb.
Iz venske krvi bolnikov s sarkoidozo in zdravih
oseb smo osamili PBMC in jih spodbujali s po-
lisaharidi iz celi¢ne stene gliv (topnim in neto-
pnim (1>3)-B-glukanom, cimosanom A ter hi-
tinom) in LPS. V supernatantih celi¢nih kultur
smo dolo¢ili koncentracijo TNF-a s kvantitativ-
no encimskoimunsko tehniko ELISA.

Razultati: Netopni (1->3)-p-glukan je bil moc¢an
spodbujevalec sinteze TNF-a v PBMC, tako pri
bolnikih s sarkoidozo kot pri zdravih osebah. To-
pni (1>3)-B-glukan, cimosan A in hitin pa so bili
$ibki spodbujevalci sinteze TNF-a v PBMC tako
pri bolnikih s sarkoidozo kot pri zdravih osebah.

Netopni (13)-p-glukan in hitin sta zmanjsala,
medtem ko je topni (1>3)-B-glukan povecal sin-
tezo TNF-aq, ki jo je spodbudil LPS. Pri bolnikih
s sarkoidozo je bila nakazana zmanj$ana sinte-
za TNF-a po spodbujanju PBMC s polisaharidi
v primerjavi z zdravimi osebami, vendar nismo
odkrili statisti¢no znacilnih razlik med bolniki s
sarkoidozo in zdravimi osebami.

Zakljucki: V tem clanku so predstavljeni rezul-
tati nade predhodne in vitro raziskave. Ugotovili
smo, da razli¢ni polisaharidi iz celi¢ne stene gliv
spodbudijo razli¢no in vitro sintezo TNF-a v
kulturah PBMC bolnikov s sarkoidozo in zdra-
vih oseb. Prav tako smo ugotovili, da lahko neka-
teri polisaharidi iz celi¢ne stene gliv modulirajo
sintezo TNF-a PBMC, spodbujeno z LPS, tako
pri bolnikih s sarkoidozo kot pri zdravih osebah.
Med bolniki s sarkoidozo in zdravimi osebami
nismo dokazali statisti¢no znacilnih razlik, ven-
dar je bila pri bolnikih s sarkoidozo nakazana
manjsa sinteza TNF-a po spodbujanju PBMC
s polisaharidi v primerjavi z zdravimi osebami.
Rezultati nase $tudije kazejo, da lahko izposta-
vljenost glivam morda vpliva na vnetni odziv v
pljucih.

Abstract

Background: Living in damp and moldy envi-
ronments is being associated with a high risk for
sarcoidosis and recently fungi have been suspect-
ed to be involved in the immunopathogenesis of
sarcoidosis. We developed a model to study the
influence of fungal cell wall polysaccharides on
in vitro cytokine production by peripheral blood
mononuclear cells (PBMC). We investigated
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whether different fungal cell wall polysaccha-
rides induce different levels of tumour necrosis
factor alpha (TNF-a) production by PBMC. We
also assessed whether fungal cell wall polysac-
charides modulate the lipopolysaccharide (LPS)-
induced the TNF-a production by PBMC. And
finally, we assessed whether there is a possible
difference in TNF-a response of PBMC between
patients with sarcoidosis and healthy persons.

Methods: Eleven patients with newly diagnosed
sarcoidosis and eleven healthy volunteers were
included in the study. PBMC were isolated from
whole blood and stimulated with fungal cell
wall polysaccharides (soluble and particulate
(1>3)-P-glucan, zymosan A and chitin) and LPS.
The secretion of TNF-a was measured from cul-
tured PBMC.

Results: Particulate (1->3)-p-glucan was a potent
inducer of TNF-a secretion by PBMC from pa-
tients with sarcoidosis and healthy persons. Sol-
uble (1>3)-B-glucan, zymosan A and chitin were
weak inducers of TNF-a secretion by PBMC
from patients with sarcoidosis and healthy per-
sons. Soluble (1>3)-P-glucan increased, while
particulate (1>3)-B-glucan and chitin depressed
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the LPS induced secretion of TNF-a by PBMC
from patients with sarcoidosis and healthy per-
sons. There was no significant difference between
patients with sarcoidosis and healthy persons, al-
though there was a slight decrease of TNF-a se-
cretion by PBMC from patients with sarcoidosis,
compared to healthy persons.

Conclusions: In this article we present the re-
sults of our preliminary study. We found that dif-
ferent fungal cell wall polysaccharides induced
different levels of TNF-a production by PBMC
from patients with sarcoidosis and healthy per-
sons. Moreover, we found that some fungal cell
wall polysaccharides modulated the LPS induced
TNF-a secretion by PBMC from patients with
sarcoidosis and healthy persons. But we found
no significant deference between patients with
sarcoidosis and healthy persons, although there
was a slight decrease in TNF-a secretion by
PBMC from patients with sarcoidosis, compared
to healthy persons. The results of our study could
suggest that exposure to fungi might influence
the inflammatory response of the lung.

Introduction

Sarcoidosis is a multisystem granuloma-
tous disease which most frequently affects
the lung and mediastinal lymph nodes. Its
course is often benign with spontaneous re-
gression, but in some cases it can progress
to fibrosis. The diagnosis is established when
clinicoradiological findings are supported
by histological evidence of noncaseating
granulomas. Corticosteroids are the main-
stay of therapy for sarcoidosis.!

The immune mechanisms that cause
sarcoidosis are not completely known. The
process seems to begin with an antigenic
stimulus, followed by T-cell and macro-
phage activation via a classic major histo-
compatibility complex (MHC) II-mediated
pathway. This process has all the features
of a classic T-helper 1 (Th1i) response. As
part of this process, cytokines and chemo-
kines are released that recruit cells to sites
of granuloma formation and trigger activa-
tion of these cells. The local environment of
the granulomas eventually may change to
a more T-helper 2 (Th2)-like environment
that decreases the intensity of granuloma
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formation but favors the development of fi-
brosis.?

Despite intensive research, the etiology
of sarcoidosis remains unknown. The pre-
vailing hypothesis is that various antigens
could promote sarcoidosis in genetically
susceptible hosts.”> Recently, there is accu-
mulating evidence that long-term and high
exposure to microbes may be involved in
risk for sarcoidosis.* Several epidemiologi-
cal studies have shown relationship between
sarcoidosis and living in humid and moldy
environment. Some authors suspect that
fungi are involved in the immunopathogen-
esis of sarcoidosis.*”

Fungi are ubiquitous heterotrophic or-
ganisms present in both indoor and outdoor
environments. The fungal cell wall is com-
posed of a complex of proteins and poly-
saccharides such as glucan, mannan, and
chitin. (1-3)-B-glucan is a major fungal cell
wall component, which possesses immuno-
modulatory activities. In inhalation studies
in humans and animals, it causes a depres-
sion of macrophage function and the im-
mune response is skewed towards a Th2-like
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reactivity.® In in vitro studies it can activate
leukocytes, stimulating their phagocytic,
cytotoxic, and antimicrobial activities, and
stimulate the production of proinflamma-
tory mediators.>'® Chitin is a polymer of
N-acetylglucosamine. Recent studies dem-
onstrated that chitin and its derivatives have
effects on innate and adaptive immune re-
sponses, including the ability to recruit and
activate innate immune cells and induce cy-
tokine and chemokine production.!

Based on the previously described model
of in vitro stimulation of PBMC,*? we devel-
oped a model to study the influence of fungal
cell wall components, namely (1>3)-B-glucan
and chitin, on in vitro TNF-a production by
PBMC from patients with sarcoidosis and
healthy persons with reference to the effect
induced by LPS and with LPS administered
simultaneously. We examined whether fun-
gal cell wall polysaccharides had a modula-
tory effect on the LPS-induced production
of TNF-a by PBMC from patients with sar-
coidosis and healthy subjects. And finally,
we examined whether the TNF-a produc-
tion was different between patients with sar-
coidosis and healthy persons.

Methods

Eleven patients with newly diagnosed
sarcoidosis (four females and seven males;
age range, 29 to 56 years) were included in
the study. The patients were diagnosed at
the Department of Respiratory Diseases
and Allergy at the University Medical Cen-
tre Ljubljana, Slovenia, using the diagnostic
criteria for sarcoidosis presented by ERS/
ATS.! The patients had pulmonary sarcoid-
osis, stage II or III. No patient was receiving
treatment with corticosteroids. The control
group consisted of eleven healthy volunteers
(seven females and four males; age range, 25
to 52 years) with no symptoms of allergy, au-
toimmune diseases or acute infections. The
study was approved by The National Medi-
cal Ethics Committee of the Republic of Slo-
venia and informed consent was obtained
from the participants.

LPS from E. coli o111:B4 was acquired
from Sigma-Aldrich, Germany. The LPS
was prepared as a 10 ng/ml dilution in the
cell culture medium. As (1>3)-B-glucan
we used curdlan, a linear (1>3)-p-glucan
from Alcaligenes faecalis, from Wako Pure
Chemical Industries, Ltd. (Japan). Soluble
(1>3)-B-glucan was prepared by dissolv-
ing curdlan in 0.3 M NaOH (Sigma) by
heating at 80°C. The pH of the soluble
(1>3)-P-glucan preparation was neutralized
with 0.3 M HCI (Sigma), before being added
to the cell cultures. A suspension of curdlan
in RPMI 1640 (Sigma) medium represented
a particulate (1>3)-p-glucan. Zymosan A
from Saccharomyces cerevisiae (Sigma) was
prepared by boiling in 0.25 M NaOH, fol-
lowed by centrifugation and resuspension
in RPMI 1640 medium. A deacetylated de-
rivative of chitin-chitosan, a low molecular
weight chitosan from crab shells (Sigma),
was dissolved in 0.2 % acetic acid. Soluble
(1>3)-B-glucan, particulate (1>3)-p-glucan,
zymosan A and chitin were all prepared as a
200 pg/ml concentration in cell culture me-
dium.

PBMC from patients with sarcoidosis
and healthy persons were isolated by den-
sity gradient centrifugation with Ficoll-
PaqueTM (Pharmacia, Sweden). The cells
were cultured in RPMI 1640 supplemented
with 100 U/ml penicillin (Sigma), 100 pg/
ml streptomycin (Sigma), 2 mM L-glutamin
(Sigma) and 10 % heat-inactivated AB nor-
mal human serum (Sigma). The 1 x 10° cells
(final culture volume 1.5 ml) were plated
in 24-well culture plates (Corning Costar,
USA) with each of four polysaccharide com-
pounds alone, or with a combination of a
polysaccharide compound and LPS, or with
medium alone, at 37°C in a humidified at-
mosphere of 5% CO; in the air. The cell-free
supernatants were collected after 4-hour in-
cubation and stored at -30 °C before further
analysis.
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Figure1: TNF-a
production by PBMC
stimulated either with
LPS or with different
fungal cell wall
polysaccharides. BGs —
soluble (1>3)-B-glucan,
BGp particulate
(1>3)-B-glucan, ZYM —

zymosan A, CHT — chitin.
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Cytotoxicity of polysaccharide prepara-
tions and cytolysis in cell cultures was as-
sessed by measuring lactate dehydrogenase
(LDH) activity released from damaged cells
using a commercially available colorimetric
assay (The Cytotoxicity Detection KitPLUS,
Roche Applied Science, Germany) accord-
ing to the manufacturer’s instructions.

The concentrations of TNF-a in the cell
culture supernatants were quantified using
commercially available human enzyme-
linked immunosorbent assay kit ELISA
(Milenia Biotec, Germany) with sensitivity
of 6 pg/ml.

The effect of adding LPS to the fungal
polysaccharides (PS) was evaluated using an
index calculated from the TNF-a value from
the combined exposure and the values from
each agent alone:

TNE(PS + LPS)
TNE(PS) + TNF(LPS)

Index'=

Values above 1 represent a stimulation
and values below 1 a suppression. In previ-
ous studies of immunomodulatory effects,
indexes below 0.8 and above 1.2 were taken
as suppression and stimulation limits, be-
cause the sum of errors associated with the
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responses measured should be within the
range index of 1+ 0.2."?

The results are expressed as the mean
+ standard deviation (SD). The significance
of differences between means was deter-
mined using Student’s t-test. For all statisti-
cal calculations, a p-value of < 0.05 was con-
sidered significant.

Results

We first assessed the ability of fungal cell
wall polysaccharides to induce TNF-a pro-
duction by cultured PBMC from patients
with sarcoidosis and healthy persons. LPS
is a well known potent proinflammatory
cytokine inducer and it presented a positive
control in our in vitro model for studying
TNF-a production by PBMC. The sponta-
neous release of TNF-a in nonstimulated
PBMC from patients with sarcoidosis and
healthy subjects was under the detectable
limit of 6 pg/ml. Figure 1 shows the TNF-a
production induced by the different agents.
Particulate (1>3)-B-glucan caused a 2-fold
higher magnitude in activity than LPS. On
the other hand, soluble (1>3)-B-glucan,
zymosan A and chitin were weak TNF-a
inducers. No significant differences were
found between patients with sarcoidosis and
healthy persons, although there was a slight
decrease in TNF-a production by PBMC
from patients with sarcoidosis compared to
healthy persons.

We next examined whether fungal cell
wall polysaccharides had a modulatory effect
on the LPS-induced production of TNF-a
by PBMC. PBMC of either patients with sar-
coidosis or healthy persons were incubated
with specific fungal cell wall polysaccharide
in the presence of LPS. The results are shown
in Figure 2. Soluble (1>3)-B-glucan showed
significant stimulatory effect on the LPS-
induced production of TNF-a by PBMC
of patients with sarcoidosis and healthy
subjects. Chitin caused suppressive effect
on the LPS-induced production of TNF-a
by PBMC of patients with sarcoidosis and
healthy persons. Particulate (1>3)-p-glucan
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Figure 2: Modulation
of LPS-induced TNF-a
production by PBMC

by fungal cell wall
polysaccharides. BGs —
soluble (1»3)-B-glucan,
BGp particulate
(1>3)-B-glucan, ZYM —

zymosan A, CHT — chitin.

*p<0.05; “*p<0.01;
Significantly different
from index 1 (Student
t-test).
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also showed significant suppressive effect,
but only in healthy persons. Zymosan A had
no effect on the LPS-induced production of
TNF-a by PBMC of patients with sarcoid-
osis and healthy persons. Modulatory effects
of fungal polysaccharides on TNF-a produc-
tion evoked by LPS showed no significant
difference between patients with sarcoidosis
and healthy persons.

Discussion

The major findings in our study were
that among the different fungal polysaccha-
rides studied, there were differences in their
capacity to induce TNF-a secretion from
PBMC from patients with sarcoidosis and
healthy persons. There were no significant
differences between healthy controls and
patients with sarcoidosis. When LPS was
given together with fungal cell wall polysac-
charides, the TNF-a secretion was increased
by soluble (1>3)-p-glucan but decreased by
particulate (1>3)-p-glucan and chitin.

(1>3)-p-glucans have immunomodu-
latory properties at concentrations simi-
lar to those found in the environment.
(1>3)-B-glucans and LPS wusually occur
as complexed mixtures in environmen-
tal dust.> Thorn et al. showed a decreased
TNF-a secretion from PBMC in volunteers
without indoor air problems at home after an
inhalation challenge with (1>3)-p-D-glucan
via a nebulizer.* Beijer et al. also found that

an inhalation challenge with (1>3)-p-D-
glucan induced a decrease in the secretion of
TNF-a from LPS-stimulated PBMC.'® These
findings are supported by data from animal
models, where a down-regulation of the
inflammatory response after pretreatment
with (1>3)-B-D-glucan has been shown.
In mice given (133)-p-D-glucan intramus-
cularly, a decreased TNF-a secretion from
mononuclear cells after in vivo stimulation
with LPS was demonstrated.'® Nakagawa et
al. demonstrated that the LPS-induced IL-6
production in the PBMC cultures was sig-
nificantly suppressed when soluble B-glucan
from Candida albicans was added at the
same time as the LPS and suggested that
glucan suppresses the functions of activated
monocytes or inhibits the activation pro-
cess'”. In our study, we investigated the in vi-
tro ability of fungal cell wall polysaccharides
to modulate the TNF-a production induced
by LPS. Like the authors mentioned above,
we found significant suppressive effect of
particulate (1>3)-p-glucan. We also found
that chitin had suppressive effect on the
LPS-induced TNF-a production by PBMC.
On the other hand, we found a significant
stimulative effect of soluble (1>3)-B-glucan
on LPS-induced TNF-a production by
PBMC. Further research is needed to in-
terpret these diverse effects of glucans and
chitin on the LPS-induced TNF-a produc-
tion by PBMC. These differences might be
of importance for understanding the influ-
ence of fungal exposure for the development
of sarcoidosis. Further research is needed to
explore this possibility.

Conclusions

In this article, we present the preliminary
results of our study of the effects of fungal
cell wall polysaccharides and LPS on the in
vitro cytokine production by PBMC. Fungal
cell wall polysaccharides induced TNF-a
production in vitro by PBMC from patients
with sarcoidosis and healthy persons. In
continuation of our study, we intend to dis-
cover possible differences between sarcoid-
osis patients and healthy persons in cytokine
production in vitro by PBMC after stimula-
tion with fungal cell wall polysaccharides.
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The results of our study could confirm an
involvement of fungi in the immunopatho-
genesis of sarcoidosis.
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