INFECTION AND IMMUNITY, Dec. 1998, p. 6027-6029
0019-9567/98/$04.00+0

Vol. 66, No. 12

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

Contrasting Roles of Mannan-Specific Monoclonal
Immunoglobulin M Antibodies in the Activation of
Classical and Alternative Pathways by
Candida albicans

MASON X. ZHANG,"* JIM E. CUTLER,> YONGMOON HAN,> axp THOMAS R. KOZEL'

Department of Microbiology and the Cell and Molecular Biology Program, School of Medicine, University of Nevada,
Reno, Nevada 89557, and Department of Microbiology, Montana State University, Bozeman, Montana 59717%

Received 29 June 1998/Returned for modification 12 August 1998/Accepted 17 September 1998

Polyclonal antimannan immunoglobulin G (IgG) activates the classical complement pathway and acceler-
ates initiation of the alternative pathway by Canidida albicans. This dual role was assessed for two antimannan
IgM monoclonal antibodies (MAbs). MAb B6.1 is specific for an epitope on the acid-labile portion of C. albicans
phosphomannan; MAb B6 is specific for an epitope on the acid-stable region. Both MAbs were potent
activators of the classical pathway but poor facilitators of alternative pathway initiation.

Candida albicans activates the human complement system
via both the classical and the alternative pathways, leading to
deposition of opsonic complement fragments on the yeast cell
surface (8, 10, 18). In previous studies, we described a critical
role for naturally occurring antimannan immunoglobulin G
(IgG) in complement activation by C. albicans. Those studies
used a kinetic assay for C3 deposition on the yeast and immu-
nofluorescence evaluation of the sites of C3 binding (10, 17,
18). Deposition of C3 onto C. albicans cells incubated in nor-
mal human serum (NHS) occurs rapidly via the classical path-
way and can be detected within the first 2 min of incubation. If
the classical pathway is blocked by chelation of Ca®** with
EGTA, C3 deposition occurs via the alternative pathway, but
C3 deposition is delayed and a 6-min incubation is required
before bound C3 is readily detectable on the yeast surface.
Removal of naturally occurring antimannan IgG from the se-
rum by mannan absorption profoundly delays accumulation of
C3 on the yeast cell surface, with 12 min or more of incubation
being required before appreciable amounts of bound C3 are
detected. However, this 12-min delay can be overcome by
supplementation of the mannan-absorbed serum with affinity-
purified human antimannan IgG in the absence of EGTA to
mediate classical pathway initiation or shortened to 6 min in
the presence of EGTA to allow antibody-facilitated activation
of the alternative pathway. These observations demonstrate a
dual role for antimannan IgG in serum from healthy adults in
complement activation by C. albicans. Antimannan IgG medi-
ates activation of the classical pathway and facilitates initiation
of the alternative pathway (17, 18).

In studies described above, we used polyclonal antimannan
IgG purified from pooled human plasma. Since C. albicans
cells express a number of immunodominant mannan compo-
nents recognized by rabbits (15, 16), the human polyclonal
antimannan IgG likely contains a range of specificities for
distinct mannan determinants. It has been shown that rabbit
antibodies that are reactive with three different cell wall de-
terminants of group A streptococci display differential abilities
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to activate the classical or alternative pathway (2). Although
the antibodies specific for three different cell wall epitopes all
activated the classical pathway, only antibody specific for the
N-acetyl-D-glucosamine epitope activated the alternative path-
way (2). In a separate study, capsular as well as noncapsular
antibodies were found to direct classical-pathway-mediated
killing of Haemophilus influenzae type b, whereas only the
capsular antibodies promoted killing by the alternative path-
way (12). These studies provide evidence that epitope speci-
ficity may influence the ability of an antibody to activate the
alternative pathway and prompted us to examine whether an-
tibodies that recognize different mannan determinants are able
to mediate activation of the classical and alternative pathways
by C. albicans.

Two IgM monoclonal antibodies (MAbs) that recognize dis-
tinct mannan determinants were compared for their abilities to
activate the classical or alternative pathway. MAb B6.1 is spe-
cific for an acid-labile component of the Candida phosphoman-
nan complex, and MAb B6 is specific for an acid-stable com-
ponent (5). The MAbs were produced commercially (Montana
ImmunoTech, Inc., Bozeman, Mont.).

C. albicans CA-1 was grown as yeast forms to stationary
phase in glucose (2%)-yeast extract (0.3%)-peptone (1%)
broth for 24 h at 37°C as described elsewhere (4, 6, 10). The
mannan of CA-1 yeast was purified as described previously (7,
18) and coupled to CNBr-Sepahrose 4B (Pharmacia Biotech,
Uppsala, Sweden) (18).

Pooled NHS was prepared from peripheral blood from at
least 10 healthy adult donors and stored at —80°C. C3 was
isolated from frozen human plasma (9, 13) and stored at
—80°C until used. C3 was labeled with '*I as described pre-
viously (3) by use of IODO-GEN reagent (Pierce, Rockford,
I1l.). NHS was absorbed with mannan-Sepharose 4B to remove
antimannan antibodies (18).

Kinetics of C3 binding were assayed by the method of Kozel
et al. (10). To determine whether MAb B6 or B6.1 activates the
classical pathway, 2 X 10° yeast cells were incubated at 37°C in
1 ml of a complement binding medium that contained (i) 40%
NHS, mannan-absorbed serum, or mannan-absorbed serum
supplemented with MAb B6 or B6.1, (ii) sodium Veronal (5
mM)-buffered saline (142 mM, pH 7.3) containing 0.1% gela-
tin, 1.5 mM CaCl,, and 1 mM MgCl,, and (iii) '**I-labeled C3.
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FIG. 1. Effect of MAb B6 or B6.1 on the kinetics of C3 deposition on C.
albicans cells via the classical pathway. Yeast cells were incubated in a C3 binding
medium containing (i) 40% NHS (@), (ii) 40% mannan-absorbed NHS (O), (iii)
40% mannan-absorbed NHS supplemented with MAb B6 (A), or (iv) 40%
mannan-absorbed NHS supplemented with MAb B6.1 (V) at 50 pg per ml of
reaction mixture. C3 deposition patterns from three independent assays were
similar; results from one representative assay are shown.

To study whether MAb B6 or B6.1 plays a role in alternative
pathway initiation, yeast cells were incubated in the manner
described above except that the binding medium was not sup-
plemented with Ca** and contained 5 mM EGTA and 5 mM
MgCl,. At various time intervals from 2 to 16 min, 50-pl
samples were withdrawn in duplicate and added to 200 wl of
phosphate-buffered saline-0.1% sodium dodecyl sulfate-20
mM EDTA in Millipore MABX-N12 filter plates fitted with
BV 1.2-pm-pore-size filter membranes (Millipore, Bedford,
Mass.). The cells were washed with phosphate-buffered saline—
0.1% sodium dodecyl sulfate, and filter-bound radioactivity
was determined with a gamma counter. Nonspecific binding
was estimated from cells incubated in NHS containing EDTA
and was subtracted from the total counts.

Mannan absorption of serum profoundly delayed C3 accu-
mulation on yeast from 2 min to approximately 10 min (Fig. 1
and 2). However, addition of either MAb B6 or MAb B6.1 at
50 pg per ml of reaction mixture to the absorbed serum gen-
erated rapid activation kinetics characteristic of C3 deposition
via the classical pathway (Fig. 1) (10, 17, 18). This observation
was not unexpected, as polyvalent IgM is known to be a potent
activator of the classical pathway.

The effects of MAbs B6 and B6.1 on activation of the alter-
native pathway were assessed by addition of the antibodies to
mannan-absorbed serum in the presence of EGTA. The results
(Fig. 2) showed that neither MAb B6 nor MAb B6.1 at 50 pg
per ml of reaction mixture altered the alternative pathway
activity of the mannan-absorbed serum. To determine whether
the inability of MAb B6 or B6.1 to facilitate initiation of the
alternative pathway was influenced by antibody concentration,
the experiment represented in Fig. 2 was repeated with man-
nan-absorbed serum that was supplemented with 10 to 160 pg
of MAb B6 or B6.1 per ml. These antibody concentrations
were chosen because in our previous studies we found that
affinity-purified human antimannan IgG activates both the
classical and alternative pathways (17). However, at 10, 40, or
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FIG. 2. Effect of MAb B6 or B6.1 on the kinetics of C3 deposition on C.
albicans cells via the alternative pathway. Yeast cells were incubated in a C3
binding medium containing (i) 40% NHS (@), (ii) 40% NHS-EGTA (m), (iii)
40% mannan-absorbed NHS containing EGTA (O), (vi) 40% mannan-absorbed
NHS containing EGTA supplemented with MAb B6 (A), or (iv) 40% mannan-
absorbed NHS supplemented with MAb B6.1 (V) at 50 pg per ml of reaction
mixture. C3 deposition patterns from four independent assays were similar;
results from one representative assay are shown.

160 pg per ml of reaction mixture, both antibodies failed to
enhance alternative pathway activity of mannan-absorbed se-
rum but promoted classical pathway activity (data not shown).

The observation that both MAbs were unable to enhance
alternative pathway activity was unexpected. Our previous
studies showed that addition of polyclonal antimannan IgG to
mannan-absorbed NHS containing EGTA produced C3 bind-
ing kinetics that were indistinguishable from the kinetics ob-
served with nonabsorbed NHS containing EGTA (17). We
further demonstrated IgG-dependent initiation of the alterna-
tive pathway by C. albicans using the six purified alternative
pathway proteins (17).

There are at least three possible explanations for the failure
of MADs B6 and B6.1 to facilitate activation of the alternative
pathway. First, it is possible that antimannan antibodies of the
IgM class are unable to enhance C3 deposition via the alter-
native pathway. However, there is evidence that polyclonal
IgM is able to enhance alternative pathway-mediated lysis of
rabbit erythrocytes by NHS (11, 14). Second, the ability of an
antibody to facilitate deposition of C3 via the alternative path-
way could be epitope specific; MAbs B6 and B6.1 could have
the wrong epitope specificity. As noted above, Eisenberg and
Schwab (2) found that polyclonal antibodies specific for one
antigen found on group A streptococcal cell walls were able to
facilitate initiation of the alternative pathway, whereas anti-
bodies specific for two other antigens were not. If antibody-
facilitated activation of the alternative pathway is dependent
on epitope specificity, such a finding might influence strategies
for induction of protective immunity to Candida. Optimal im-
munization may require an immunogen that induces antibod-
ies with epitope specificities needed to facilitate activation of
the alternative pathway. Finally, we cannot exclude the possi-
bility that human antimannan antibodies are able to facilitate
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activation of the alternative pathway, whereas mouse antibod-
ies lack this capability.

In studies involving a murine model of disseminated candi-
diasis, MAb B6.1 was shown to be protective, whereas MAb B6
was not (4). However, the protection mechanisms remain to be
elucidated. In an in vitro assay, MAb B6.1 but not MAb B6 was
found to enhance candidacidal activity of polymorphonuclear
leukocytes in the presence of fresh mouse serum, suggesting
the involvement of mouse complement in the killing (1). Al-
though assessing the role of complement in MAb B6.1-medi-
ated protection was beyond the scope of this study, our obser-
vation that the two antibodies mediate similar kinetics of C3
deposition for C. albicans does not preclude the possibility that
the composition and/or accessibility of opsonic complement
fragments bound to the yeast cells might differ following com-
plement activation by these two antibodies. Alternatively, the
concerted action of several protective functions, including ac-
tivation of the complement system, may be required for MAb
B6.1-mediated protection.
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