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Candida albicans water soluble fraction (CAWS), water soluble fraction of Candida albicans mainly com-
posed of mannoprotein—f-glucan complesx, has various biological effects, such as anaphylactoid shock and coro-
nary arteritis. These toxicological effects fit CAWS as one of PAMPs, pathogen-associated molecular patterns.
Acute anaphylactoid reaction is known to be induced by lipopolysaccharide from Escherichia coli 09 (09 LPS),
which possesses the mannose homopolysaccharide as the O-antigen region. In the present study, we compared
immunotoxicological and immunochemical similarity between CAWS and O9 LPS. CAWS strongly reacted with
Candida serum factors, and the reactivity was found to be partially competed with 09 LPS. CAWS induced
lethal toxicity was inhibited by pretreatment of mice with i.v. injection of CAWS. The lethality was found to be
inhibited by i.v. injection of Q9 LPS. Vice versa, O9 LPS induced acute lethal toxicity was also inhibited by pre-
treatment of mice with CAWS, These results suggested that CAWS, fungal PAMPs, and 09 LPS from Gram-neg-
ative bacteria share, at least in part, immunochemical and immunotoxicological activities.

Key words

Shock is a serious clinical problem because of high mor-
tality. There are many mechanisms inducing shock and major
mechanisms related to immune dysfunction are anaphylaxis,
septic shock, and endotoxin shock. Shock is usually difficulty
to treat, because it is a systemic response involving not only
changes in immunological parameters but inducing dysfunc-
tion of circulation, coagulation and fibrinolysis." There have
been many studies establishing and analyzing animal models
of shock. We have also long been analyzing septic and endo-
toxic shock from various points of view such as, the detoxifi-
cation of endotoxin by lysozyme, modulation of antibiotic
action by lysozyme,”® development of a monoclonal anti-
CD14 antibody and its application,*” and establishing an en-
dogenous septic shock model using non-steroidal anti-in-
flammatory drugs.>” In the course of studying early diagno-
sis of deep seated fungal infection we have found a limulus
factor G activating activity in a water soluble polysaccharide
fraction rich in mannan, named Candida albicans water solu-
ble fraction (CAWS), released from Candida albicans, and it
strongly caused acute anaphylaxis-like shock in mice.”

The pathogenic yeast Candida albicans, a commensal of
the human digestive tract and vaginal mucosa, is now one of
the most common microbes of bloodstream infections in im-
munocompromised or intensive-care patients.”” The invasive
mycoses including candidiasis, aspergillosis and cryptococ-
cosis are increasingly becoming associated with immunosup-
pressive therapies and immunodeficiency associated with in-
fections of the human immunodeficiency virus. The associ-
ated crude mortality is extensively high (38 to 75%), despite
appropriate treatment with anti-fungal drugs.'®™'® Sepsis,
which is caused by a Gram-negative bacterial infection, has
also increased for the reasons described above and the asso-
ciated mortality is markedly high.'"

We previously obtained a water-soluble fraction (CAWS),
prepared from the culture supernatants of Candida albicans
grown in a completely synthetic medium. CAWS is mainly
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Candida albicans; mannan; lipopolysaccharide; O-antigen; anaphylactoid shock

composed of a complex of mannoprotein and f-1,3-, B-1,6-
glucans.'*'® CAWS exhibits various potential biological ac-
tivities, such as cytokine synthesis by leukocytes, platelet
aggregation, lethal toxicity like anaphylactoid shock, induc-
tion of coronary arteritis in various strains of mice, and so
on.'2Y However, the detailed mechanisms of these biologi-
cal activities are unclear.

It is reported that the intravenous injection of lipopolysac-
charide from Escherichia coli 09, which possesses the man-
nose homopolysaccharide (MHP) as the O-antigen region,
induced anaphylactoid shock within 15—60min, but not
lipopolysaccharide (LPS) from Escherichia coli O111, which
possesses a heterosaccharide (not containing mannose).?!*?
The characteristics of this shock differ from those of the
well-known endotoxic shock with respect to time until shock
occurs and can be evoked in LPS-hyposensitive mice, like
C3H/HeJ strain,”® with a defect in Toll-like receptor 4
(TLR4). It is suggested by this induction of anaphylactoid
shock that the structure of the O-antigen region MHP of LPS
has played an important role. Namely, MHP-carrying LPS
activated the complement system via the lectin pathway in
tissues and induced the degradation of platelets. This degra-
dation might cause the release of their contents (e.g. sero-
tonin etc.) resulting in the induction of anaphylactoid
shock 24—2®)

The lethal toxicity of CAWS® and 09 LPS*—3Y is similar
with respect to the following." Lethal toxicity occurs 15—60
min after intravenous injection.”’ The complement C5-defi-
cient mice, DBA/2 and AKR/N,*? exhibit markedly low sen-
sitivity. Activation of the complement system is strongly pos-
turated in the lethality.) Since LPS-hyposensitive mice,
C3H/Hel, exhibit high sensitivity, the involvement of TLR4
was excluded.” Since mast cell-deficient mice, W/Wv ex-
hibit high sensitivity, the involvement of mast cells was also
excluded.

On the basis of the background described above, we postu-
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lated that a mannan moiety of CAWS is responsible for the
lethal toxicity including anaphylactoid shock in mice. In the
present study, we compared CAWS with O9 LPS in terms of
immunochemical characteristics and biological activity.

MATERIALS AND METHODS

Animals, Microbes, and Materials Candida albicans
IFO1385 was obtained from the Institute for Fermentation,
Osaka, Japan. Escherichia coli ATCC23505 was obtained
from American Type Culture Collection. All mice were pur-
chased from Japan SLC. Yeast-mannan from Saccharomyces
cerevisiae was purchased from Nacalai. Candida Check was
from Mitsubishi Kagaku Iatron. Anti-core LPS-MAb WNI
222-5 was purchased from Hycult Biotechnology b.v. D-man-
nose was obtained from Wako. LPS extracted by the phenol
water method from E. coli O111:B4 was purchased from
Sigma. Chemically synthesized muramyl dipeptide was also
from Sigma. C-limiting medium contains (per liter): sucrose
10g, (NHp),SO, 2g, KH,PO, 2g, CaCl,-2H,0 0.05g,
MgSO,-7TH,0 0.05g, ZnSO, 7H,0 1mg, CuSO, 5H,0
1 mg, FeSO,-7 H,0 0.01 g and biotin 25 pg (final pH, 5.2).%%
LB medium contains (per liter): Bacto tryptone peptone 10 g,
Yeast-extract 5g and NaCl 10g (final pH, 7.0). Phosphate-
buffered saline (PBS) contains 137mm NaCl, 8.1mwm
Na,HPO,, 2.68 mm KCl and [.47 mm KH,PO,. NaCl/Pi con-
tains 15 mm Na,HPO, and 150 mm NaCl (final pH, 7.2). TBS
contains 137 mm NaCl, 2.68mm KCl and 25mm Tris (final
pH, 8.0).

Preparation of LPS Escherichia coli O9 LPS was ex-
tracted from E. coli ATCC 23505 (09:K9B:H12) by the
phenol water method.* The acetone-dried cells (10g) cul-
tured in LB medium were suspended in 175ml of distilled
water (preheated at 65°C), and then 175ml of 90% liquid
phenol (preheated at 65°C) was added under vigorous stir-
ring and the mixture was stirred for 20min at 65 °C. This
suspension was then allowed to cool to 4 °C. After centrifu-
gation, the upper aqueous layer was carefully collected. The
residual layer was re-extracted by the methods described
above. The combined aqueous phase was reheated to 65 °C,
an equal volume of 90% liquid phenol was added, and the
mixture was incubated for 20min under vigorous stirring.
This water extract was dialyzed against distilled water. The
dialyzed solution was concentrated at 40°C in vacuo to a
volume of about 50 ml. After centrifugation for the removal
of traces of insoluble material, the water solution was
lyophilized. The lyophilized crude extract was dissolved in
water to give a 3% solution, which was centrifuged for 8 h at
105000 g. The sediment was suspended in water, and the sus-
pension was recentrifuged 3 times at 105000 g for 3h each.
The final sediment was taken up in a minimum amount of
water and lyophilized (yield 1.23%).

Preparation of CAWS CAWS was prepared from Can-
dida albicans TFO1385 in accordance with conventional
methods.’” The procedure used was as follows: 51 of
medium (C-limiting medium) was added to a fermenter and
cultured for 2d at 27 °C with air supplied at a rate of 51/min
and rotation at 400 rpm. Following the culture, an equal vol-
ume of ethanol was added and after the mixture was left to
stand overnight, the precipitate was collected. The precipitate
was suspended in 250ml of distilled water, and collected
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water soluble fraction. Ethanol was added to the soluble frac-
tion and the mixture was allowed to stand overnight. The pre-
cipitate was collected and dried with acetone to obtain
CAWS (yield 400 mg/5 1).

ELISAs of the Reactivity of CAWS The reactivity of
CAWS to serum factors from Candida Check which consists
of rabbit polyclonal antibodies against Candida cell wall
mannan was detected by ELISA. The reactivity of anti-core
LPS-MADb, which binds to the distal part of the inner core re-
gion, was detected by ELISA similar way. A solution of
CAWS in 50 mmM carbonate buffer (pH 9.6) was coated onto
Nunc immunoplates, which were then incubated at 4°C
overnight. The plates were washed extensively with 0.05%
Tween 20 containing PBS (PBST); unbound sites were
blocked by the addition of 1% BSA containing PBST
(BPBST) to wells for 40 min at 37 °C and then the wells were
washed 6 times with PBST. Candida serum factors or anti-
core LPS-MAD serially diluted with BPBST were added, and
incubated for 60 min at 37 °C. After 6 washes with PBST, the
wells were treated with peroxidase-conjugated goat anti-rab-
bit IgG or goat anti-mouse IgG, respectively, and the
3,3',5,5 -tetramethylbenzidine microwell peroxidase sub-
strate system (TMB; KPL Inc.). After 45 min, the reaction
was stopped with 1 ~nH,PO,, and then the optical density of
each well was read at 450nm on an automatic microplate
reader.

ELISAs of the Reactivity of 09 LPS The reactivity of
09 LPS to serum factors from Candida Check and anti-core
LPS-MAD was detected by ELISA. A solution of O9 LPS in
NaCl/Pi (pH 7.2) was coated onto Nunc immunoplates,
which were then incubated at 4 °C overnight. The plates were
washed with PBS; unbound sites were blocked by the addi-
tion of 2% BSA-NaCl/Pi to wells for 40 min at 37°C and
then the wells were washed twice with NaCl/Pi. Candida
serum factors or anti-core LPS-MAb serial diluted with
NaCl/Pi were added, and the plates were incubated for 60
min at 37 °C. After 3 washes with NaCl/Pi, the wells were
treated with peroxidase-conjugated goat anti-rabbit IgG or
goat anti-mouse IgG, respectively, and TMB. After 45 min,
the reaction was stopped with 1 nH,PO,, and then the optical
density of each well was read at 450 nm on an automatic mi-
croplate reader.

Competitive ELISAs The cross-reactivity between
CAWS and O9 LPS was detected by competitive ELISAs.
Competitive ELISAs were conducted essentially as described
above, except that the following procedures were used. Can-
dida serum factors 11, 13b and 13 diluted with blocking
buffer were mixed with known quantities of various soluble
competitors, CAWS, O9 LPS, O111 LPS, Yeast-mannan and
p-mannose, dissolved in blocking buffer. Then, the competi-
tor solutions were diluted with equal volumes of serum fac-
tors and were preincubated for 1 h at 37 °C prior to the addi-
tion of 0.1-ml aliquots to the wells of microtiter plates.

Western Blotting CAWS and O9 LPS were separated by
6.0 and 12.5%, respectively, polyacrylamide gel elec-
trophoresis. After separation by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and transfer
onto a nitrocellulose membrane at a constant current of 100
mA for 1h, unbound sites were blocked by the addition of
3% BSA containing-0.05% Tween 20 containing TBS
(BTBST) to the membrane for 1 h at room temperature (RT).
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After a wash with TBST, the membrane was incubated with
Candida serum factors or anti-core LPS-MADb, respectively,
overnight at RT, and then after another wash with TBST, the
membrane was incubated with peroxidase-conjugated goat
anti-rabbit IgG or goat anti-mouse IgG, respectively, for 1 h
at RT. The membrane was visualized using ECL+ (Amer-
sham Biosciences).

Scoring of the Rapid Anaphylactoid Shock Induced by
CAWS or 09 LPS The incidence and the severity of the
rapid anaphylactoid shock were assessed within 1 h of the in-
jection of CAWS or 09 LPS in muramyl dipeptide (MDP)-
primed or non-primed ICR mice. These values and the subse-
quent mortality (in the first hour after injection) were
recorded. The scoring of the shock was as follows: 0, no
symptoms of shock; 1, staggering; 2, crawling and prostra-
tion; 3, prostration and weak convulsions; 4, prostration and
strong convulsions.

Effect of Various Pre-treatments on the Lethal Toxicity
of CAWS or O9 LPS Thirty minutes before the intra-
venous injection of a lethal dose of CAWS or O9 LPS, vari-
ous saccharides (CAWS, O9 LPS, O111 LPS, mannan from
S. cerevisiae and p-mannose) were intravenously pre-injected
into ICR male mice for examining antagonistic activity of
various saccharides. Mortality was recorded within the first
hour after the injection,

RESULTS

The Reactivity of CAWS and 09 LPS to Candida
Serum Factors In order to identify the mannan moiety of
CAWS and O9 LPS showing immunochemical cross-reactiv-
ity, we first examined the reactivity of CAWS and O9 LPS to
Candida serum factors, a kit provided by Mitsubishi Kagaku
Iatron consisting of monospecific rabbit polyclonal antibod-
ies against Candida cell wall mannan,***® by ELISAs and
Western blotting. The serum factors has been a good tool for
identifying the viable cells of seven medically important
Candida species in clinical specimens. The results are shown
in Figs. | and 2. CAWS strongly reacted with Candida serum
factors 1, 4, 5, 6, 11, 13b and 13, but not serum factors 8, 9
and 34 (Fig. 1). On the other hand, O9 LPS strongly reacted
with serum factors 1, 11, 13b and 13, but not serum factors
4,5, 6, 8, 9 and 34 (Fig. 2). From these ELISAs and Western
blotting, it is strongly suggested that both CAWS and O9
LPS share immunochemical epitopes; factors 1, 11, 13b and
13.

We then precisely examined the cross-reactivity of CAWS
and 09 LPS with Candida serum factors 11, 13b and 13
using competitive ELISAs. Epitope structures of these anti-
genic factors are shown in Fig. 3A.*” The results of the
ELISAs are summarized in Table 1. The reactivity of CAWS
against serum factors 11, 13b and 13 was inhibited by addi-
tion of O9 LPS (IC=2.1, 37 and 15 ug, respectively) as well
as CAWS (IC;=0.20, 0.22 and 0.21 ug, respectively) as a
soluble inhibitor. Similarly, the reactivity of O9 LPS against
serum factors 11, 13b and 13 was inhibited by addition of
CAWS (IC4;=9.3, 4.2 and 2.4 ug, respectively) as well as O9
LPS (1C,;=0.0030, 0.0055 and 0.0048 ug, respectively). Het-
erologous competitions required higher concentrations than
the homologous competitions. It is of note that these in-
hibitory effects were not observed on addition of mannan
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Fig. 1. The Reactivity of CAWS to Candida Serum Factors

The reactivity of CAWS to Candida serum factors was tested with a kit purchased
from Mitsubishi Kagaku [atron consisting of rabbit polyclonal antibodies against Can-
dida cell wall mannan by (A) ELISAs and (B) Western blotting. (A) A solution of
CAWS in 50 mm carbonate buffer (pH 9.6) was coated onto Nunc immunoplates. Un-
bound sites were blocked by the addition of 1% BSA-PBST. Factor sera, () 1, (B) 4,
(A) S, (@) 6, (O) 8, (1N 9, (A) 11, (O) 13b, (X) 13 and (*) 34, serially diluted with
blocking buffer were added. Binding of Ig to CAWS was detected by peroxidase-conju-
gated goat anti-rabbit IgG. Then each well was color developed by the addition of TMB
solution and the reaction stopped by InH;PO,. The optical density of each well was
read at 450 nm/ref 630 nm on an automatic microplate reader. (B) CAWS was separated
by 6.0% polyacrylamide gel electrophoresis. After the separation by SDS-PAGE and
transfer onto a nitroceflulose membrane, unbound sites were blocked by the addition of
3% BSA-TBST and then the membrane was treated with Candida serum factors, (@) 1,
(E)4,(4)5,(8)6,(C)8,(0)9, (L) 11,(O) 13b, (X) 13 and (*) 34. Binding of Ig to
CAWS was detected by peroxidase-conjugated goat anti-rabbit [gG. After washing, the
membrane was visualized by ECL+.
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O.D. at 450 nm
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Fig. 2. The Reactivity of O9 LPS to Candida Serum Factors

The reactivity of O9 LPS to Candida serum factors was tested with a kit purchased
from Mitsubishi Kagaku latron consisting of rabbit polyclonal antibodies against Can-
dida cell wall mannan by (A) ELISAs and (B) Western blotting. {A) A solution of 09
LPS in NaCV/Pi (pH 7.2) was coated onto Nunc immunoplates. Unbound sites were
blocked by the addition of 2% BSA-NaCl/Pi. Factor sera, () 1, (&) 4, (4) 5, (@) 6,
() 8, () 9, (A) 11, (O) 13b, (X) 13 and (*) 34, serially diluted with NaCI/Pi were
added. Binding of Ig to 09 LPS was detected by peroxidase-conjugated goat anti-rabbit
1gG. Then each well was color developed by the addition of TMB solution and the reac-
tion stopped by 1n H,PO,. Then the optical density of each well was read at 450 nm/ref
630 nm on an automatic microplate reader. (B) 09 LPS was separated by 12.5% poly-
acrylamide gel electrophoresis. After the separation by SDS-PAGE and transfer onto a
nitrocellulose membrane, unbound sites were blocked by the addition of 3% BSA-
TBST and then the membrane was treated with Candida serum factors, (€) 1, (#) 4,
(A) 5, (@) 6, (4) 8, (09, (A) 11, (O) 13b, (X) 13 and (*) 34. Binding of Ig to 09
LPS was detected by peroxidase-conjugated goat anti-rabbit IgG. After washing, the
membrane was visualized by ECL+.

from Saccharomyces cerevisiae (Yeast-mannan) or Oll11
LPS which not containing mannose (Fig. 3B), as a soluble
inhibitor.*%*%

To confirm that the carbohydrate moieties of both CAWS
and O9 LPS except the mannan moiety do not show cross-re-
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Mano1-2 Mano -2 Mano1-2 Mano 1
11 16
Mano1-2 Mana1-2 Mano E-2 Man
13b Mano1-2 Mano1-3 Manoa1-2 Mano1-2 Manc1-2 Man
Col
all3
E.coli:O111 —# 4raGle-(I—dr0-Gak(1—3)}-B-GleNAc-(1 I
al 1,6
Col
Ecoli:09 —>1 3)-o-Man-(1-3)-c-Man-(1—2)-0-Man-{1-2)-a.-Man-(1— 2)-o-Man-(1 } -
Fig. 3. Chemical Structures of Antigenic Factors, 11, 13b and 13 (A), O-Antigen Repeating Units of LPSs (B)

(A) Chemical structure of antigenic factors used in this study. The chemical structure of 13 was not determined. (B) The structures of O-antigen repeating units of LPSs used in
this study. Col; colitose, Glu; glucose, Gal; galactose, GicNAc; N-acetyl glucosamine, Man; mannose.

Table 1. ICs, of Inhibition ELISAs of Various Saccharide on CAWS or O9
LPS Candida Serum Factors

50% inhibition dose (11g)

Serum factor Inhibitor
CAWS 09 LPS
11 CAWS 0.20 9.3
O9 LPS 2.1 0.0030
O111 LPS N.IL N.IL
Yeast-mannan NIL NI
D-Mannose N.I N.IL
13b CAWS 0.22 4.2
Q9 LPS 37 0.0055
Ol111 LPS N.L N.L
Yeast-mannan N.IL N.L
p-Mannose N.I N.L
13 CAWS 0.21 24
O9LPS 15 0.0048
OI11LPS N.IL N.L
Yeast-mannan N.L N.L
p-Mannose N.IL N.L

The conceutration of carbohydrate at which inhibition is 50% of binding to Can-
dida serum factors in the absence of carbohydrate (IC,,) was obtained by modeling the
inhibition curves of the competitive EL1ISAs. N.1.: not inhibited.

activity, we examined the reactivity of CAWS and 09 LPS
with anti-core LPS-MAb WN1 222-5 which binds to the dis-
tal part of the inner core region and recognizes the structural
element  R,-0-D-Glep-(1—3)-(1-a-p-Hepp-(1—7))-L-0-D-
Hepp 4P-(1-3)-R, (where R, represents additional sugars of
the outer core and R, represents additional sugars of the
inner core) common to LPS from most members of the En-
terobacteriaceae family,"**" by ELISA and Western blotting.
The results of the ELISAs and Western blotting with anti-
core LPS-MADb are shown in Figs. 4 and 5. O9 LPS reacted
with anti-core LPS-MAD strongly, but CAWS did not at all
(Figs. 4, 5). In the Western blot analysis of 09 LPS to anti-
core LPS-MAD, the slow and the fast moving bands were de-
tected those corresponds to longer O-specific chains (more

03r A
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Fig. 4. The Reactivity of CAWS to Anti-core LPS-MAb

The reactivity of CAWS to anti-core LPS-MAb WN1 222-5, which binds to the dis-
tal part of the inner core common to LPS from most members of the Enterobacteri-
aceae family, was detected by (A) ELISAs and (B) Western blotting. (A), A solution of
CAWS in 50 mm carbonate buffer (pH 9.6), (@) or vehicle, (B) was coated onto Nunc
immunoplates. Unbound sites were blocked by the addition of 1% BSA-PBST. Anti-
core LPS-MADb, serially diluted with blocking buffer, was added. Binding of Ig to
CAWS was detected by peroxidase-conjugated goat anti-mouse IgG. Then each well
was color developed by the addition of TMB solution and the reaction stopped by IN
H,PO,. The optical density of each well was read at 450 nm/ref 630 nm on an automatic
microplate reader. (B) CAWS was separated by 6% polyacrylamide gel electrophoresis.
After the separation by SDS-PAGE and transfer onto a nitrocellulose membrane, un-
bound sites were blocked by the addition of 3% BSA-TBST and then the membrane
was treated with O9-antisera. Binding of Ig to CAWS was detected by peroxidase-con-
jugated goat anti-mouse IgG. After washing, the membrane was visualized by ECL+.

repeating units), and small or no O-side chains (Fig. 5B).

From these ELISAs and Western-blotting, mannan moi- -
eties of CAWS and O9 LPS share strong and significant im-
munochemical similarity.

The Rapid Anaphylactoid Shock Induced by CAWS
and 09 LPS We primarily examined the lethal toxicity of
CAWS and 09 LPS by intravenous injection in MDP-primed
(Table 2) or non-primed (Table 3) ICR mice. As shown in
Table 2, CAWS and O9 LPS concurrently induced a severe
anaphylactoid shock in MDP-primed ICR mice. At 2.0 mg/
kg, O9 LPS killed 2 of 3 mice within 1 h after the injection.
At 2.0 mg/kg, CAWS killed 1 of 3 mice, and at 4.0 mg/kg, all
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Fig. 5. The Reactivity of O9 LPS to Anti-core LPS-MAb

The reactivity of 09 LPS to antj-core LPS-MAb WN1 222-5, which binds to the dis-
tal part of the inner core common to LPS from most members of the Enterobacteri-
aceae family, was detected by (A) ELISAs and (B) Western blotting. (A) A solution of
09 LPS in NaCl/Pi (pH 7.2), (©) or vehicle, (B) was coated in Nunc immunoplates.
Unbound sites were blocked by the addition of 2% BSA-NaCl/Pi. Anti-core LPS-MAb,
serially diluted with NaCl/Pi, was added. Binding of Ig to O9 LPS was detected by per-
oxidase-conjugated goat anti-mouse 1gG. Then each well was color developed by the
addition of TMB solution and the reaction stopped by 1 n H;PO,. Then the optical den-
sity of each well was read at 450 nm/ref 630 nm on an automatic microplate reader. (B)
09 LPS was separated by 12.5% polyacrylamide gel electrophoresis. After the separa-
tion by SDS-PAGE and transfer onto a nitrocellulose membrane, unbound sites were
blocked by the addition of 3% BSA-TBST and then the membrane was treated with
O9-antisera. Binding of Ig to O9 LPS was detected by peroxidase-conjugated goat anti-
mouse IgG. After washing, the membrane was visualized by ECL+.

Table 2. Ability of CAWS, 09 LPS to Induce Rapid Anaphylactoid Shock
in MDP-Primed ICR Mice
Dose Anaphylactoid shock
(mgfke) Incidence Score” Mortality
CAWS 0 0/3 0 073
1 0/3 0 0/3
2 2/3 34 1/3
4 3/3 4 3/3
8 3/3 34 2/3
09 LPS 0 0/3 0 0/3
1 3/3 2-3 0/3
2 3/3 3-4 2/3
4 3/3 3-4 2/3
8 3/3 34 2/3

a) The scoring of the shock was as follows: 0, no symptoms of shock; 1, stagger-
ing; 2, crawling and prostration; 3, prostration and weak convulsions; 4, prostration and
strong convulsions.

3 mice. However, O111 LPS did not cause rapid death (data
not shown). Table 3 summarized the anaphylactoid reaction
tested in normal, MDP-non primed mice. Of quite interest,
anaphylactoid reaction was only induced by CAWS in this
experimental condition. Comparing the data of Tables 2 and
3, MDP-priming enhanced the toxicity of O9 LPS, but the
toxicity of CAWS was significantly high without priming and
the severity was not enhanced by priming. It is of note that,
anaphylactoid reaction was induced by extremely high dose
of O9 LPS in MDP-non-primed mice (Table 4). Now it is ob-
vious that priming of mice by MDP is essential to induce
anaphylactoid reaction by O9 LPS. Thus, these results indi-
cated that the mechanisms behind the rapid lethal effects of
CAWS and O9 LPS were partially the same due to the man-
nan structures.

Effect of Various Saccharides on Lethal Toxicity We
next examined the antagonistic effects of various saccharides
(CAWS, O9 LPS, O111 LPS, Yeast-mannan and D-mannose)

Vol. 29, No. 2

Table 3. Ability of CAWS, 09 LPS to Induce Rapid Anaphylactoid Shock
in MDP-Non Primed ICR Mice

Dose Anaphylactoid shock
(mg/ke) Incidence Score® Mortality
CAWS 0 0/3 0 0/3
1 0/3 G 0/3
2 2/3 2—3 0/3
4 2/3 4 2/3
8 3/3 3—4 213
09 LPS 0 0/3 0 073
1 0/3 0 0/3
2 0/3 0 0/3
4 0/3 0 0/3
8 0/3 0 0/3

a) The scoring of the shock was as follows: 0, no symptoms of shock; 1, stagger-
ing; 2, crawling and prostration; 3, prostration and weak convulsions; 4, prostration and
strong convulsions.

Table 4. Ability of Extremely High Dose of 09 LPS to Induce Rapid Ana-
phylactoid Shock in MDP-Non Primed ICR Mice®

Dose Anaphylactoid shock
(mg/ke) Incidence Score? Mortality
O9LPS 0 0/3 2 0/3
10 2/3 2 0/3
20 23 2—4 1/3
40 3/3 3—4 1/3
80 373 3—4 2/3

a) The scoring of the shock was as follows: 0, no symptoms of shock; 1, stagger-
ing; 2, crawling and prostration; 3, prostration and weak convulsions; 4, prostration and
strong convulsions.

Table 5. Effect of Various Pre-treatments on Toxicity of CAWS and 09
LPS in MDP-Non Primed ICR Mice
Dose Mortality
Pretreatment Ike)
meke)  CAwS (50mgkg) 09 LPS (50 mg/kg)

Saline 3/3 3/3

09 LPS 4 0/3 1/3

Ol111 LPS 4 2/3 3/3

CAWS 1 0/3 1/3

Yeast-mannan 4 3/3 3/3

p-Mannose 20 2/3 3/3

on CAWS or 09 LPS induced anaphylactoid reaction, in
order to confirm the crucial role of mannan moiety. The re-
sults are summarized in Table 5. Lethal toxicity of CAWS
was inhibited by pre-treatment with O9 LPS, but not O111
LPS. Moreover, O9 LPS-induced toxicity was also inhibited
by pre-treatment with CAWS (Table 5). The lethal effects of
both CAWS and 09 LPS were inhibited by a large dose of
Yeast-mannan (data not shown). Interestingly, the late phase
endotoxic shock induced by O9 LPS was not inhibited by in-
travenous pre-treatment with CAWS unlike the inhibitory ef-
fect on acute phase shock (data not shown).

DISCUSSION

In this study, we demonstrated that the mannan moieties of
CAWS and O9 LPS shared immunochemical as well as im-
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munotoxicological similarity. This immunochemical similar-
ity was not observed if the mannan structures were absent.
Because anti-core LPS-MAb WN1 222-5 binds to the distal
part of the inner core region of LPS, it did not react with
CAWS. In addition, CAWS and 09 LPS concurrently in-
duced rapid anaphylactoid shock in mice. The shock was
found to be inhibited by pretreatment with CAWS, 09 LPS
or a large dose of Yeast-mannan from S. cerevisiae, but not
O111 LPS (does not include mannose). This result strongly
suggested that the toxicity is evoked through the recognition
of the mannan moiety by CAWS and O9 LPS. These results
implied that CAWS from fungi and LPS (£. coli 09) from
Gram-negative bacteria, at least in part, share immunochemi-
cal and biological activities.

We first investigated whether the mannan moieties of
CAWS and O9 LPS cross-react. CAWS and O9 LPS strongly
reacted with Candida serum factors No. 11, 13b and 13. The
reactivity was specific according to the results of the compet-
itive ELISAs. CAWS did not cross-react with any other re-
gion of LPS except the mannan moiety, because it did not
react with anti-core LPS-MAb WN1 222-5. This result indi-
cated that the mannan moieties of CAWS and O9 LPS cross-
reacted. These results suggested that the mannan moieties of
CAWS and 09 LPS are responsible for some of these biolog-
ical activities, especially lethal toxicity like anaphylactoid
shock.

We previously reported that CAWS induced rapid shock in
mice, however the mechanisms are not clear. On the other
hand, Takada et al. reported that O9 LPS induced a rapid
shock different from the well-known endotoxic shock in
mice.?'?? The mechanism which 09 LPS induced anaphy-
lactoid shock was reported previously: strong complement
activation and platelet response (include serotonin release
due to platelet degradation) in the lungs and liver via the
lectin pathway through recognition of MHP as the O-antigen
region depends on mannose-binding lectin (MBL). These re-
sponses result in acute inflammation accompanied by severe
tissue destruction, especially in the lungs, which in turn leads
to an anaphylactoid reaction.”* 2%

Additionally, Mikami et af. reported that a neutral subfrac-
tion of mannan of S. cerevisiae (WNM) showed strong lethal
toxicity in mice when it was administered intravenously, but
the acidic fraction of mannan from the same yeast and chem-
ically phosphorylated WNM was practically ineffective. Syn-
thetic linear a-1, 2-, @1, 3-mannans lacking branching moi-
eties showed even less toxicity. These results demonstrated
that the density of branches is important to the lethal ef-
fect.***3) But Kind et al. reported that the lethal toxicity of
some yeast mannans appeared to depend on the a-1, 2-, o-1,
6-linkage in their main chain.*® In addition, the complement
systems may be an important factor in this toxicity. No toxic-
ity was observed in C5-deficient mice and following the con-
sumption of whole hemolytic complement after the addition
of mannans to mouse serum in vitro.

In our study, CAWS and O9 LPS concurrently induced a
rapid anaphylactoid shock following intravenous injection in
mice. The toxicity could be modulated by pretreatment with
various saccharides. These toxic effects were found to be in-
hibited by intravenous injection of CAWS, Q9 LPS and a
large dose of Yeast-mannan, but not O111 LPS. These in-
hibitory effects may due to antagonistic effects against some
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of mannose receptors, such as mannose-binding lectin and
mannose receptors. Interestingly, this inhibitory pretreatment
was not effective against late-phase lethality caused by 09
LPS dependent on Lipid A, so-called “endotoxic shock”.
Both agents were less toxic to C5-deficient mice, DBA/2 and
AKR/N, whereas LPS-hyposensitive mice, C3H/Hel, mast
cell-deficient mice, W/Wv exhibited high sensitivity.

Interestingly, the lethal effects of CAWS and O9 LPS are
in some respects different. The toxicity of O9 LPS was
markedly enhanced by MDP-primed, but that of CAWS was
not efficient. The cause of these differences is not clear. Oth-
ers have reported a synergistic effect of MDP with LPS or
other bacterial components. Flak et al. reported synergistic
interactions between muramy! peptide and LPS in the induc-
tion of inflammatory processes, such as induction of inter-
leukin (IL)-1¢, inducible nitric-oxide synthase, nitric oxide
production, and inhibition of DNA synthesis within hamster
trachea epithelial cells.*” Yang et al. reported a synergistic
effect of MDP with LPS or lipoteichoic acid to induce pro-
duction of the inflammatory cytokine IL-8 in human mono-
eytic cells in culture.*® Wang et al. reported that co-adminis-
tration of peptideglycan (PGN) or MDP with LPS caused
significantly increased concentrations of TNF-¢ and IL-6 in
cultures of whole human blood, whereas the release of IL-10
was not influenced.*”’ Margreet et al. reported that although
MDP alone produced a minimal amount of TNF-¢, it caused
significant expression of TNF-o¢ mRNA. The majority of the
TNF-or mRNA induced by MDP alone is not translated into
protein.*® These findings indicated that the apparent syner-
gistic effect of MDP on TNF-o production induced by either
LPS or PGN is due to removal of a block in translation of the
mRNA expressed in response to MDP.

These findings on lethal toxicity strongly suggested that
the mechamism of CAWS-induced anaphylactoid shock is
partially similar to that of Q9 LPS-induced shock. Namely,
the toxicity of CAWS might be evoked through the recogni-
tion of the mannan moiety, especially @-mannan by some
mannan-binding protein or receptors. On the other hand, the
toxicity of O9 LPS might be evoked through a synergistic ef-
fect involving the recognition of the O-antigen region via
some mannan-binding protein or receptors and the lipid moi-
ety. Thus, no MDP-primed effect was observed for CAWS,
unlike O9 LPS.

Septic shock is induced by both bacteria and fungi. Can-
dida-induced septic shock is as much a clinical problem as
bacterial septic shock. The mechanism of shock is not sim-
ple, and includes various immunological as well as inflam-
matory parameters. The mechanism of septic shock induced
by Candida is little understood and almost no information is
available. In the present study, we have found that a Candida
component, CAWS, shows similar properties to bacterial 09
LPS. We also found that the mechanisms of CAWS and O9
LPS-induced shock partly differ, especially in the need for a
priming agent, such as MDP. The data obtained in this study
clearly demonstrated that sepsis induced by both bacteria and
Candida share partly the same underlying molecular mecha-
nism and should be quite helpful for understanding sepsis in-
duced by bacteria as well as Candida.
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Abstract

We have recently detected an anti-p-glucan antibody in normal human and normal mouse sera. The anti-B-glucan antibody
showed reactivity to pathogenic fungal Aspergillus and Candida cell wall glucan. Anti-B-glucan antibody could bind whole Candida
cells. It also enhanced the candidacidal activity of macrophages in vitro. The anti-B-glucan antibody titer of DBA/2 mice intrave-
nously administered either Candida or Aspergillus solubilized cell wall B-glucan decreased remarkably dependent on dose. Moreover,
in deep mycosis patients, the anti-B-glucan antibody titer decreased, and this change correlated with clinical symptoms and other
parameters such as C-reactive protein. It was suggested that the anti-B-glucan antibody formed an antigen-antibody complex
and participated in the immune response as a molecule recognizing pathogenic fungi.
© 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.

Keywords: B-Glucan; Anti-p-glucan antibody; Candida solubilized cell wall B-glucan; Aspergillus solubilized cell wall B-glucan; Fungal infection

1. Introduction

The incidence of deep mycosis has been increasing
with improvements in chemotherapy for malignant dis-
eases and the popularization of marrow transplant and
organ transplant medical care [1]. Moreover, changes in
the usage of immunosuppressive, antibacterial and anti-
viral drugs are affecting the incidence of the disease [2].
Candida spp. and Aspergilfus spp. are major fungi and ac-
count for most of the fungi causing deep mycosis. Re-
cently, the number of case of aspergillosis in particular
has been increasing. Also, strains resistant to antifungal
agents are emerging [3,4]. Many researchers have exam-
ined the identification and mechanism of fungal patho-

" Corresponding author. Tel.: +81 426 76 5561; fax: +81 426 76
5570.
E-mail address: ohnonao@ps.toyaku.ac.jp (N. Ohno).

genic factors and reported many candidates for Candida
and Aspergillus spp. [5-8]. However, a fungal pathogenic
factor equivalent to bacterial lipopolysaccharide (LPS), a
well-known pathogen, has not been reported.
Approximately, 80% of the fungal cell wall is com-
posed of polysaccharides, the main constituents of
which are B-glucan (BG), mannan, galactomannan
and chitin [9-11]. Moreover, the cell wall also contains
protein and a small amount of lipid. B-(1 — 3)-glucan
forms a rigid skeleton and imparts physical strength
to the fungal cell wall (excluding Zymomycetes) and is
basically insoluble in water and alkali solutions and
can not be solubilized easily, The limulus G test which
utilized B-(1 — 3)-glucan-sensitive factor G of the
horseshoe crab coagulation enzyme is useful for the
screening of general fungal infections [12]. It is reported
that patients with deep mycosis such as candidasis,
aspergillosis, trichosporosis and carinii pneumonia but

0928-8244/$22.00 © 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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not mucormycosis or cryptococcosis show a positive
reaction correlated with clinical symptoms and patho-
logical changes [13-15]. Also, it was reported that
B-(1 — 3)-glucan showed various biological activities
triggering the activation of complement and the produc-
tion of inflammatory mediators such as leukotriene,
TNF-o and so on [16,17]. It is possible that B-(1 — 3)-
glucan has some influence on, and can be a parameter
which reflects, the immune response and inflammatory
reactions of the host. It is strongly suggested that a vari-
ety of these biological activities depend on its solubility
in water, molecular mass, degree of branching and con-
formation {18,19].

Many pattern recognition receptors involved in the
innate immune response to fungi, such as the Toll-like
receptor and mannose receptor, have been identified
[20,21]. Also, dectin-1, complement receptor 3 and lacto-
sylceramide were cited as candidates for a B-p-glucan
receptor [22-24]. They may be important for phagocyto-
sis and other biological activities. We also demonstrated
the binding specificity and recognition site of dectin-1
using standard glucan, and showed that dectin-1 recog-
nized the-(1 — 3)-p-glucosyl linkage but not a-glucans
[25]. On the other hand, there are few reports of an anti-
body to B-glucan. It is generally thought that p-glucan
was the inner layer component of the cell wall and has
poor immunogenicity. In Candida spp., cell surface man-
nan is considered the dominant antigen. We attempted
to establish a monoclonal antibody to 6-branched B-
1 — 3-p-glucans from mushroom in mice and rats [26].
But this was quite difficult to achieve. However, re-
cently, anti-B-glucan (anti-BG) antibody was detected
in sera from human volunteers, and the titer of this anti-
body varied in each individual [27]. Also, the sera of
DBA/1 and DBA/2 mice contained a higher anti-BG
antibody titer than those of other strains [28].

Many researchers have examined the Candida—host
relationship and anti-Candida protective immune mech-
anism using a murine systemic, lethal Candida infection
model. The importance of innate immunity (i.e., macro-
phages, neutrophils) and cellular immunity (T-helper
type 1 cells) to defend against fungi is widely acknowl-
edged [29-31]. Littie is known about the effects of anti-
body on the host response to fungal infection, and few
antigens have been characterized for their ability to elicit
the production of protective antibodies. However, anti-
body has been shown to benefit host defense against
pathogens by promoting phagocytosis, enhancing the
presentation of antigens and co-stimulatory molecules,
and modifying cytokine production and so on. The role
of antibodies in fungal infections is controversial. Anti-
BG antibody may be able to interact with the fungal cell
wall or extracellular glucan, and modify the host defense
system. In this study, we examined the antigen—antibody
interaction of anti-BG antibody in vivo and vitro, and
the role of this antibody in fungal infections.

2. Materials and methods
2.1. Materials

All strains of Aspergillus niger and Candida albicans
were purchased from the Institute for Fermentation
(Osaka, Japan) and maintained on Sabouraud agar
(Difco, USA) at 25 °C and transferred once every three
months. Sodium hypochlorite solution and sodium
hydroxide were obtained from Wako Pure Chemical
Industries, Ltd. Distilled water (DIW) was from Otsuka
Co., Ltd. (Tokyo, Japan). Lipopolysaccharides (LPS)
from Escherichia coli O111:B4 were purchased from Sig-
ma (USA). Grifolan (GRN) was prepared by fermenta-
tion of the mycelium of Grifola frondosa as described in
a previous report {32]. Sonifilan (SPG) was purchased
from Kaken Pharm. Co. (Tokyo, Japan).

2.2. Animals

Male DBA/2 mice between 7 and 10 weeks of age
were purchased from Japan SLC (Shizuoka, Japan).
Mice were maintained under specific pathogen-free
conditions.

2.3. Media

A C-limiting medium originally described by Shep-
herd and Sullivan [33] was used to grow all strains of
yeast unless otherwise stated. The medium contained
(per liter): sucrose, 10g; (NH4),504, 2g; KH,PO,,
2g, CaCly,-2H,O, 0.05g; MgSO,-7H,0, 0.05g;
ZnS0O, - TH,0, 1 mg; CuSO,-5H,0, 1 mg; FeSO, - 7-
H,0, 0.01 g; biotin, 25 pg; final pH, 5.2. Five liters of
medium was placed in the glass jar of a microferm fer-
mentor (New Branswick Scientific Co., Inc., USA) and
cultured at 27 °C with 51min~"' of aeration and stir-
ring at 400 rpm.

2.4. Preparation of Candida and Aspergillus cell wall
glucans

The acetone-dried cells of Candida albicans IFO1385
or Aspergillus niger IFO 6342 (2 g) were suspended in
200 mi of 0.1 M NaOH with NaClO for 1d at 4 °C.
After the reaction was completed, the reaction mixture
was centrifuged to collect the insoluble fraction. The
insoluble fraction was then dried by washing with etha-
nol and acetone (NaClO-treated Candida, OX-CA or
Aspergillus, OX-Asp). OX-CA suspended in dimethyl-
sulfoxide (DMSQO) was ultrasonically disrupted to ob-
tain the supernatant (Candida solubilized cell wall
B-glucan, CSBG).

OX-Asp suspended in 8 M urea was autoclaved
(120 °C, 20 min) and the resulting solutions were centri-
fuged (12000 rpm, 20 min) and divided into supernatant
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(Aspergillus solubilized cell wall B-glucan, ASBG) and
precipitate. Each fraction was dried with EtOH and
acetone.

2.5. Preparation of sera

Sera obtained with fully informed consent from pa-
tients (N = 5, male = 3, female = 2) with fungal infec-
tions and normal volunteers (V = 23), and stocked in
the Hachioji Medical center of Tokyo Medical Univer-
sity were used.

The optimal dose of the glucan preparation was
administered to DBA/2 mice by intravenous injection.
An aliquot of blood was collected from the tail vein at
appropriate intervals using heparinized capillaries. After
centrifugation, samples were stored at —20°C before
carrying out an ELISA for anti-BG antibody.

2.6. ELISA for anti-BG antibody

A 96-well Nunc plate was coated with the glucan
preparation (25 pgml™") in 0.1 M carbonate buffer
(pH 9.6) by incubation at 4 °C overnight. The plate
was washed with phosphate-buffered saline buffer
(PBS) containing 0.05% Tween 20 (Wako Pure Chemi-
cal Co. Japan) (PBST) and blocked with 0.5% bovine
serum albumin (BSA, Sigma) (PBST) at 37°C for
60 min. After a wash, the plate was incubated with hu-
man or murine serum at 37 °C for 60 min. The plate
was washed with PBST and then treated with antibody
for peroxidase-conjugated anti-human IgG+ M+ A
(Sigma) or anti-mouse IgG + M (sigma) in PBST con-
taining 0.1% BSA (BPBST) and developed with a
TMB substrate system (KPL Inc., MD). Color develop-
ment was stopped with 1 M phosphoric acid and the
optical density was measured at 450 nm. Immune plates
(Nunc 442404, F96 Maxisorp) were used for all ELISA
experiments in this study.

2.7. Affinity purification of anti-BG antibody

Aliquots of the human y-globulin preparation (poly-
globin N: BAYER, Swiss), or PBS as control were
mixed with particles of OX-CA pretreated with 0.1%
BSA containing PBST (BPBST) and incubated at 4 °C
overnight with occasional shaking. After OX-CA was
washed with saline, the resulting particles were washed
with a 0.2 M glycine-HCI buffer solution to release the
anti-BG antibody. The eluted antibody was immediately
neutralized with 0.2 M Tris—=HCI buffer and frozen at
—80 °C prior to use.

2.8. Immunohistochemical analysis of Candida cell wall

Candida albicans acetone-dried and living cells were
fixed with cold methanol, attached to microscope

slides (Nunc) and then denatured with cold methanol
and acetone. The slides were incubated with purified
anti-BG antibodies diluted in a solution of 1%
casein in PBS. Cells were then treated with FITC-
conjugated anti-human Ig G (MBL, Nagoya, Japan)
and observed by fluorescence microscopy. Confocal
images were gathered using the Bio-Rad laser scanning
confocal microscope (Bio-Rad, Hermel Hampstead,
UK).

2.9. Assay for candidacidal activity of THP-1

THP-1 cells (Cell Resource Center for Biomedical
Research, Tohoku University, Sendai, Japan) were
treated with phorbol 12-myristate 13-acetate to induce
maturation of the monocytes to a macrophage-like,
adherent phenotype.Cell suspensions of Candida albi-
cans 1FO 1385 in FCS-RPMI were added to the
THP-1 monolayer (5x 10° cells well™'; 24-well culture
plate) with optimal effector/target ratios; 50:1), and
incubated at 37°C for 3 h. After incubation, non-
phagocytosed Candida cells (supernatants) were col-
lected and placed on YPG agar. The colonies of
Candida were enumerated after incubation at 27 °C
for 24 h. The candida-killing activity was calculated
using the following formula: Candida-killing activity
(%) = (total number of colonies without THP-
I — number of colonies from THP-1 supernatant)/total
number of colonies without THP-1 x 100.

3. Results

3.1. Reactivity of anti-BG antibody to pathogenic fungi,
Candida and Aspergillus

We have prepared Candida solubilized cell wall B-
glucan (CSBG) by the NaClO-DMSO method [34].
We recently used this method to prepare Aspergillus
solubilized cell wall B-glucan (ASBG) with NaClQO,
followed by urea-autoclave treatment [35]. We exam-
ined the reactivity of a human normal immune glob-
ulin preparation from pooled human sera, to CSBG
and ASBG, pathogenic fungal cell wall glucan (Fig.
). 1t showed higher reactivity to CSBG and ASBG,
on the other hand, only a low response to mushroom
glucan such as Grifolan (GRN) from Grifola fronfosa
[32] and Sonifilan (SPG) from Schizophyllum commune
[36]. The reactivity of the sera varied among volun-
teers, but a similar tendency was observed (Fig. 2).
Next, specificity of anti-BG antibody was examined
by mixing soluble polysaccharides as a competitor
to ELISA using CSBG-coated plate (Fig. 3). The
binding to CSBG was inhibited by adding soluble
ASBG as a competitor. These results suggested that
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Fig. 1. Comparison of reactivity of human and murine sera to various antigen-coated plates. An ELISA plate was coated with various antigen
(25 pg ml™! in carbonate buffer) and blocked by BSA before use. Human immunoglobulin preparation (polyglobin N) or DBA/2 mice sera were
diluted and the plate-bound Ig was determined by peroxidase-conjugated anti-human IgG + M + A or anti-mouse IgG + M antibody.
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Fig. 2. Reactivity of human sera to CSBG, ASBG and GRN-coated
plates. An ELISA plate was coated with CSBG, ASBG or GRN
(25 pgml~! in carbonate buffer) and blocked by BSA before use.
Human sera were serially diluted and the plate-bound Ig was
determined by peroxidase conjugated anti-human IgG + M + A. Data
from 12 volunteers are shown.

CSBG and ASBG contained a common antigenic epi-
tope and anti-BG antibody was more reactive to glu-
can derived from pathogenic fungal cell wall rather
than mushroom. Also, anti-BG antibody in DBA/2
mouse sera showed a more specific reaction to patho-
genic fungal cell wall glucan, CSBG and ASBG (Figs.
1 and 3).

3.2. Effect of the anti-BG antibody on Candida cells

We examined whether or not anti-BG antibody
could act on Candida cells using confocal microscopy.
The binding of anti-BG antibody to living and ace-
tone-dried cells was observed, although it was weaker
than that to OX-CA, Candida -purified particle glucan
(Fig. 4(a)). No binding to polybeads as a control was
observed. Moreover, a quantitative examination of this
binding was also performed by mixing whole cell or
OX-CA as soluble antigen in an ELISA using
CSBG-coated plates (Fig. 4(b)). It was found that
whole Candida cells inhibited by about fifty-fold the
cell concentration compared to OX-CA. These results
suggested that anti-BG antibody binds certain sites
on Candida cells.

Next, we examined the effect of anti-BG antibody on
the candidacidal activity of human macrophages derived
from THP-1 (Table 1). Anti-BG antibody enhanced the
candidacidal activity. Therefore, it was suggested that
anti-BG antibody could modify the host defense against
Candida through opsonization.

3.3. Binding of anti-BG antibody to Candida cell wall BG
in vivo

We examined the glucan-anti-BG antibody interac-
tion in vivo and the behavior of anti-BG antibody titer
in blood upon administration of glucan to DBA/2 mice.
The anti-BG antibody titer of mice intravenous admin-
istered CSBG decreased remarkably in a dose-depen-
dent manner compared with the titer before
administration and showed a maximal decrease at 2 h
(Fig. 5a). Also, on the administration of OX-CA, a par-
ticulate Candida cell wall glucan that has a primary
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Fig. 3. Specificity of sera against plate-bound CSBG. ELISA plate was coated with CSBG. Human immunoglobulin preparation (polygiobin N) or
DBA/2 mice sera were mixed with serially diluted polysaccharides and then applied to the ELISA plate. The plate-bound antibody was determined by

peroxidase-conjugated anti-human IgG + M + A.

structure like CSBG, a decrease in the titer was observed
(Fig. 5(b)). These results suggested that anti-BG anti-
body formed a complex with Candida cell wall glucan
and was eliminated from the blood.

3.4. The reduction of the anti-BG antibody in response to
Aspergillus cell wall BG

Next, to confirm the specificity of the decrease, the
change in the anti-BG antibody titer following the
intravenous administration of other glucans was exam-
ined (Fig. 6). On the administration of ASBG, the
anti-BG antibody titer decreased significantly as in
the case of CSBG administration (Fig. 6(a)). However,
the anti-BG antibody titer of mice administered with
SPG, which showed low reactivity to anti-BG anti-
body, decreased little and behaved like that in the sal-
ine-administered group (Fig. 6(b)). These results
agreed with the resulis obtained in vitro as mentioned
above.

Next, we examined the anti-LPS antibody titer of
mice administered CSBG. The titer changed insignifi-
cantly like in the saline-administered group (Fig. 7).
Therefore, these results suggested that anti-BG antibody
interacted with pathogenic fungal cell wall glucan specif-
ically in vivo and was eliminated from the blood as an
antigen—antibody complex.

3.5. The behavior of anti-BG antibody in the mycosis
patients

Anti-BG antibody interacted with pathogenic fungal
cell wall glucan in vivo. Then, we measured anti-BG

antibody titer in mycosis patients (aspergillosis:
N =2, carinii pneumonia: N =3), whose sera is -
(1 — 3)-glucan positive (Fig. 8). Mycosis patients
showed a significantly low titer (414 +355 U ml™h
compared with normal volunteers (2371 £ 1107
Ulml™).

A case study of anti-BG titer during fungal infection
(Fig. 9) was monitored in a patient. This clinical case in-
volves 67-year-old female suffering from anti-neutrophil
cytoplasmic antibody-associated vasculitis (AAYV), rap-
idly progressive glomerulonephritis (RPGN), and inter-
stitial pneumonia, who was hospitalized in June.
MPO-ANCA, one of the diagnostic markers of AAV de-
creased below the cutoff value (10 mg ml™") on steroid
pulse treatment as immunosuppressive therapy. Follow-
ing the decrease, the symptoms of AAV and dyspnea
resulting from interstitial pneumonia abated. On the
other hand, the creatinine value as a nephritic functional
index increased from 8.8 to 2.2 mg dl™'. Then, the pa-
tient was diagnosed with RPGN, and subjected to dialy-
sis. After a third steroid pulse, her white blood cell count
was strikingly decreased to about 1000. Therefore, it was
thought that this patient was immunocompromised.
Blood culture indicated no fungal infection. However,
a serological analysis with B-(1 — 3)-glucan and galacto-
mannan, suggested that a fungal infection was conceiv-
able. Then, the administration of an anti-fungal agent
was started on July 4. Subsequently, dyspnea developed
exponentially and she died. At necropsy, the diagnosis of
aspergillosis was confirmed. Her serum B-(1 — 3)-glucan
concentration was higher (>300 pg ml™") than the cutoff
value (20 pg mi™"). Galactomannan, which is used as a
serological marker for aspergillosis was also positive
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Fig. 4. Reactivity of anti-BG antibody to Candida dried cells and OX-CA. (a) Methanol-fixed OX-CA, Candida acetone dried (CA) and living (LCA)
cells were stained with purified anti-BG antibody and determined with fluorescein isothiocyanate (FITC) anti-human IgG. We used polybeads as
negative controls. (b) ELISA plate was coated with CSBG. Ig fraction was mixed with serially diluted CA, OX-CA and polybeads, Then, each
preparation applied to the ELISA plate. The plate-bound Ig was determined with peroxidase-conjugated anti-human IgG + M + A. Enzyme activity

was measured by the addition of TMB substrate.

Table |
Effect of anti-BG antibody on candidacidal activity of macrophage

Candidacidal activity (%)®
Cell 729+ 14

Cell + control 76.8 £ 0.1
Cell + anti-BG Ab® 92.8 +1.4°

# OX-CA purified anti-BG antibody as described in Section 2.

® Results are expressed as arithmetic means + SD of two separate
experiments performed in duplicate.

¢ p<0.01 (vs. cell), p <0.05 (vs. cell + control).

and once, after becoming negative, again, it showed po-
sitive. This parameter reflects clinical symptoms such as
dyspnea and C-reactive protein (CRP). The anti-BG

antibody titer fluctuated at low levels (about 1000 units)
and decreased to 500 units. The anti-BG antibody titer
showed a reverse correlation to the clinical symptoms
and galactomannan. It was suggested that anti-BG anti-
body decreased according to the progression of fungal
infection in mycosis patients.

4. Discussion

In deep mycosis, specifically aspergillosis, candidasis
has become a clinical problem. B-(1 — 3)-Glucan is
one of the main components of the fungal cell wall
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Fig. 5. Kinetics of anti-BG antibody titer from plasma following i.v. administration of Candida cell wall glucan. (a) CSBG (1000, 10 ug mouse ™) or
(b) CSBG, OX-CA (1000 1ig mouse™") was intravenously administered to DBA/2 mice (three per group). An aliquot of blood was collected from the
tail vein at appropriate intervals using heparinized capillaries. Subsequently, the plasma was collected, and anti-BG antibody titer was measured as

described in Section 2. ¥*p < 0.01, *p < 0.05 vs. saline.

and released into a patient’s blood during fungal infec-
tion. Recently, anti-BG antibody was detected in normal
human sera. In this study, we examined the role of anti-
BG antibody in host defense against fungi.

We first confirmed the reactivity of anti-BG antibody
in sera from humans and DBA/2 mice, using glucan-
coated ELISA plate. Anti-BG antibody in sera from
humans and DBA/2 mice showed greater reactivity to
pathogenic fungal cell wall glucan, CSBG and ASBG
than to mushroom glucan. These results supported the
previous concept that immunogenicity of glucan from
mushroom and yeast were different, and the antigen-
specific responses to mushroom glucan are weak.
However, in the Aspergillus cell wall glucan, the B-
(1 — 6)-glucan long chain present in CSBG is absent
[35,37]. Hence, the existence of an antigenic epitope that
is peculiar to pathogenic fungi is suggested. Next, We

examined the behavior of anti-BG antibody titer in blood
on administration of glucan to DBA/2 mice. On the
administration of pathogenic fungal cell wall glucan,
CSBG and ASBG, a remarkable decrease in the antibody
titer was specifically observed, which suggested the for-
mation of an antigen antibody complex and prompt clear-
ance from the blood. Anti-BG antibody also showed great
reactivity to the pathogenic fungal cell wall glucan in vivo.
Furthermore, in deep mycosis patients, whose sera was
positive for B-(1 — 3)-glucan, the anti-BG antibody titer
decreased and this decrease correlated with the clinical
symptoms and other parameters such as CRP. It was sug-
gested that anti-BG antibody could play a role for f-glu-
can recognition molecule, and induce clearance of
pathogenic fungi and biological activity by collaboration
with other recognition molecule such as B-glucan receptor
or complement in human.
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Fig. 6. Kinetics of anti-BG antibody titer in plasma following i.v. administration of SPG and ASBG. (a) ASBG or (b) SPG (1000, 10 pg mouse™")
was intravenously administered to DBA/2 mice (three per group). An aliquot of blood was collected from the tail vein at appropriate intervals using
heparinized capillaries. Subsequently, the plasma was collected, and anti-BG antibody titer was measured as described in Section 2.
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Fig. 7. Kinetics of anti-LPS antibody titer in plasma following i.v. administration of Candida cell wall ghucan. CSBG or OX-CA (1000 pug mouse™")
was intravenously administered to DBA/2 mice. An aliquot of blood was collected from the tail vein at appropriate intervals using heparinized
capillaries. Subsequently, the plasma was collected, and anti-LPS antibody titer was measured with LPS (O111)-coated plates (25 ug mi™ ).
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Fig. 8. Comparison of anti-BG antibody titer in patients with fungal
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CSBG (25 pg mi™!). The plate-bound immunoglobulin was determined
using peroxidase-conjugated anti-human IgG + M + A antibody.

The recognition system to B-p-glucan, which plays a
role in the induction of biological activity, has been
identified. Also in those, the limulus G test which uti-
lized P-(1 — 3)-glucan-sensitive factor G of the horse-
shoe crab coagulation enzyme is useful for the
sensitive screening of geéneral fungal infections. Because
1,3-B-p-glucans widely distributed in microbes especially
in fungi, limulus G test indicates a nonspecific response
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in patients using PB-glucan preparation and undergoing
dialysis with a cellulose membrane dialyzer [38].
Whereas, we showed that the anti-BG antibody titer
specifically decreased on interaction with the pathogenic
fungal cell wall as antigen B-glucan in vivo. It was pos-
sible that anti-BG antibody could be parameter corre-
lated with clinical symptoms and pathological change
from view of not pathogenic fungi as antigen but host.

Nonspecific cellular immunity and T-cell mediated
immunity are generally believed to provide the main de-
fense mechanism for protection against fungi. However,
it is reported that the antibody plays a major role in pro-
tection against fungal infection [39,40]. Also, it was re-
ported  that anti-Candida  antibody enhanced
phagocytosis and killing activity, and activated the com-
plement system [41,42]. On the other hand, the existence
of anti-non-protective antibodies that inhibit phagocyte
functions and are deleterious was reported [43], and only
few antigens have been characterized for anti-fungal
antibodies.

In this study, we showed that the anti-BG antibody
could bind Candida whole cells. Also, this antibody
could enhance the candidacidal activity of macrophages
in vitro. These results suggested that the anti-BG anti-
body recognized and protected against pathogenic fungi.
Bromuro et al. [44], recently reported that the sera of
mice immunized with C. albicans cells treated with dithi-
othreitol and protease which is B-glucan-rich, was more
effective against a lethal fungal challenge than that of
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Fig. 9. Clinical course of anti-BG antibody titer. A 67-year-old female with anti-neutrophil cytoplasmic antibody-associated vasculitis was diagnosed
as having invasive aspergillosis. Serum was collected, and anti-CSBG or -BG antibody titer was measured as described in Section 2.
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mice immunized with whole cells. It was also reported
that B-glucan immunostimulation increased survival
and reduced pathology for post-operative Candida sep-
sis infection [45]. These reports support that anti-BG
antibody is a protective antibody. Therefore, anti-BG
antibody plays a major role in host defense against path-
ogenic fungi. It is generally recognized that mycosis is an
opportunistic infection. Anti-BG antibody titer in serum
from deep mycosis patients showed low titer. By immu-
nosuppressive therapy, the decrease of anti-BG antibody
titer may be a risk factor for mycosis.

In this study, we showed that anti-BG antibody,
which showed high reactivity to CSBG and ASBG,
formed an antigen-antibody complex and participated
in immune response to pathogenic fungi. Anti-BG anti-
body is expected to be useful as a response index of
pathogenic fungal cell wall B-glucan.
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Abstract

Collagen-induced arthritis (CIA) is an experimental model of rheumatoid arthritis (RA) and has aided research into the pathogenesis of in-
flammatory joint disease. Typically, Type II collagen (CII) emulsified with Freund’s complete adjuvant (FCA) is injected into DBA/1 mice. After
a booster injection, the mice develop inflammation of the paws. But the fact that the immunization of CII alone does not induce arthritis suggests
that activation of the immune system by an adjuvant is necessary for induction of the arthritis. In the present study, we investigated the ability of
B-glucans derived from Candida albicans to act as an adjuvant to induce autoimmune arthritis. DBA/1 mice were injected with CII emulsified
with FCA or particulate B-glucan, OX-CA, on day 0 and given a booster at day 21. Mice immunized with CII plus OX-CA developed arthritis at
around 7—10 days after the booster injection. Similarly, mice administered CII emulsified with FCA developed arthritis with the same time
course. The mice immunized with CII and OX-CA had a more severe arthritis than those immunized with CII and FCA. Histological changes
and production of anti-CII antibody were observed regardless of the type of injection. In addition, components of C. albicans were also tested for
their ability to induce arthritis as an adjuvant. The results showed that CSBG, which is a soluble B-glucan, acted as an adjuvant for CIA but
CAWS, which is a mannoprotein-B-glucan complex, did not. In conclusion, B-glucan derived from C. afbicans acted as an adjuvant and the
injection with CU resulted in arthritis with the production of anti-CII autoantibody. The results strongly suggested that fungal metabolites
such as B-glucans have the capacity to induce and exacerbate autoimmune diseases such as RA.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Collagen-induced arthritis (CIA) is an experimental model
of rheumatoid arthritis (RA), and has helped researchers to an-
alyze the role of cellular and molecular mediators in the path-
ogenesis of inflammatory joint disease [1,2]. The CIA model is
produced by immunization with type II collagen (CII) emulsi-
fied with Freund’s complete adjuvant (FCA) consisting of
mineral oil (Freund’s incomplete adjuvant) and heat-killed
mycobacterium, followed by a booster injection [3). With
this protocol, the production of anti-CII autoantibody is
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induced. It has been shown that not only humoral but cellular
immune responses to CIH are involved in the pathogenesis of
CIA [4,5].

Recently, it was reported that treatment with a mixture of
four monoclonal anti-CII antibodies and lipopolysaccharide
(LPS) induced CIA in various strains of mice [6]. In this
model, the monoclonal antibodies (mAbs) and LPS acted syn-
ergistically in the induction of arthritis {7]. In the classical
CIA model, FCA is essential for the induction of arthritis in
mice. IgG2a antibody production, which is essential for acti-
vating complement and subsequently inducing arthritis, de-
pends upon the concentration of Mycobacterium tuberculosis
in FCA [8]. Furthermore, it is reported that the administration
of LPS from Escherichia coli, Salmonella, and Klebsiella ex-
acerbates CIA [9]. Additionally, Yoshino et al. reported that
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