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Phagocytosis of Candida albicans by
eosinophilic leukocytes
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The percentage of ensinophils phagocytosing Candida albicans spores approximates
that of neutrophils in in vitro experiments. The phagocytic activity of the
cosinophils i3 shown to parallel anti-Candida IgG serum antibody titers and to involve
the complement system. By means of an immunofluorescent technique, with the
use of rhodamine B conjugated to bovine serum albumin to block nonspccific
staining, the presence of antibody on the phagocytosed spores is demonstrated.

The function of eosinophils in immunologic phenomena remains an
enigma despite considerable investigation. Evidence has accumulated that these
cells may phagoeytose antigen-antibody complexes,* bacteria, ® and myco-
plasma.” Lehrer has recently demonstrated the ability of eosinophils to ingest
and kill Candida albicans spores.®

This report confirms the ability of the human eosinophil to phagocytose C.
albicens. In addition, the attachment of immunoglobulin (i to the engulfed or-
ganisms is demonstrated by an immunofluorescent technique.

MATERIALS AND METHODS

Normal human IgG was isolated from serum by DEAE-cellulose chromatography and then
digested with papain, The digested produet was fractionated by chromatography on
Sephadex G-200, following which starch block electrophoresis was performed. The Fe frag-
ment thus obtained was used to immunize rabbits, with th¢ production of a monospecific
antiserum. Partly purified IgA, IgM, and IgD, isolated from myeloma sera, were used
to immunize rabbits. After the animals were bled, monospecific antisera were obtained by
absorption with human cord blood which had been copolymerized with glutaraldehyde.
Monospecific goat antiserum to human IgE was obtained by a method previously described.o
These antisera were conjugated with fluorescein isothiocyanate (FITC), and the free FITC
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TABLE I. Serum anti-Candida immunoglobulin titer
i Antibody titer

Serum 19G IgA . IgM . igD IgE
«, 0 ] 0 1 0
b 1:5 [ 125 " 0
N, 1:7249 1:1 1.4 i 1
s, 1:125 1:9 127 U "
N, 1:125 XD ND ND N1y
N, 1125 V27 [ " "
= 1:125 P4 1:0 1 {:

Na was obtained from patient with hypogammaglobulinemin, sern &, to 8, ohtained fraom 6
other random donors with no evidence of infeetion.

“ND = not done.

was removed by filtration through Sephadex G250 The congugates were then passed through
DEAE cellulore, eluted with 0.05M phosphate buffer ar pH 6.3, concentrated, and ndjusted
to 13 unit for uxe.1" Bovine serum albumin (BRA) was conjugated with rhodamine B in
similar manner. Comumercial {Hyland Labs., Irvine, Californini anti-8,CC conjugated with
FITC was used for deteetion of B8,C attachment to the antigen-antibody complexes.

Nera were obtained from 6 appareutly healthy donors and from one patient with adult
onset hyvpogammaglobulinemia. None of these donors hid evidenee of recent or past in-
fection by C. albicans, ('0 albicans grown in Nahouraud-dextroxe hroth was washed 3 times
in saline and a suspension prepared containing 1.0« 109 spores per milliliter. Smears of
the organisms were fixed with cold aeetone and then overlnid witle serial dilutions of the
serp. amd ineubated for 30 minutes. The smears were then stained with the FITC-labeled
monospecific antthuman immunoglobulins. The last serum dilution vielding any positive stain-
ing of organisms wax conzidered the anti-Candida antibody titer,

Heparinized biood wns obtaiped trom 5 individuals with eosinophilia of 8 to 24 per
cent and allowed to sediment for one hour at room temperature. The Jeukoeytes were washed
3 times with Tris buffer containming magnesium, caleium, and human albumin (Tris ACM)Y.
Cell counts of the final suspensions were adjusted to 1O - 108 per milliliter with Tris ACM.
Mixtures containing 0.1 ml. of white cells, 01 ml. of organisma, and 0.3 ml of serum were
incubated at 37° (. for 15 minutes, centrifuged, and washed 3 times with Tris ACM. In
sgme experiments the sera were heated to 56° ¢ for 30 minates before incubation. After
fixation with cold acetone, hematoxylin and ecosin sud Gram stains were nade,

For the immunoffuorescent oxperments, separate smears were fixed with colil acetone
for one minute and then stuined with the rhodamine B-BSA conjugate for 20 minutes to
eliminate nonspecific binding of the FITC conjugatesat After having been washed with
phosphate-huffered xuline PBS), the swears were overlaid with the FETC.antiimmuno
globulin conjugates tor 30 minutes, again washed with PBN, and finally  mounted with
non=fluorescein-butferad  glyveerine. The xmewrs were examined under oil immersion, and
1000 cosinophils and neutvophils were counted to determine the pereentage of eacl eon-

tuining organists.

RESULTS

The anti-Candida titers determined by indircet immunotiuorescence for each
immunoglobulin class are listed in Table [. The serum with no detectable IgG
titer was from the patient with hypogammaglobulinemia. As would be expected
from other studies,'® the sera from the 6 other subjects contained significant
titers of Ig(l and relatively low titers of IgA and IgM antibodies despite the
fact these individuals lacked evidenece of Candida infeetion.

The results of the phagoeytosis experiments with 3 of the sera (8,.8.,5;)
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FIG. 1. The parallel relationship of serum anti-Candida IgG titers and phagocytosis of
spores by eosinophils and neutrophils is demonstrated. Titer of serum §, is 5; S;, 729;
and §;, 125. [0 = serum 1; O = serum 2; ® = serum 3; N = neutrophils; E =
eosinophils.

are presented graphically in Fig. 1. By comparing these results with the anti-
body titers recorded in Table I, it can he seen that there is a correlation between
the degree of phagocytosis and the anti-Candida IgG titers. Such an association
is not apparent with IgA and IgM. When serum was not incubated with organ-
isms or when the serum lacking antibody (S,) was used, the percentage of
eosinophils containing organisms did not exceed 13.5, and the percentage of
neutrophils did not exceed 12.5. This low degree of phagoeytosis is probably
accounted for by the inability to completely wash off antibody from the donor
leukoeytes, for the fluorescent staining revealed Ig(i antibody attached to phago-
eytosed organisms. Over all, when incubated with the 6 sera containing lg(i
antibody, the average number of eosinophils containing organisms was 55.8
per cent, closely approximating the number of neutrophils (51.5 per cent). Ieat-
ing the sera at 56° C. for 30 minutes before incubation decreased the degree of
phagoeytosis three- to sixfold. In every preparation, almost all Candida organ-
isms seen within cells stained positively with the FITC-anti-IgG conjugate
(Fig. 2). The great majority, but not all, of phagocytosed spores stained with
the anti-g8,(’ conjugate.

DISCUSSION

Phagoeytosis of €. albicans spores by human eosinophils is clearly demon.
strated In this study, and the percentage of eosinophils engaging in phagoceyto-
sis closely approximates that of the neutrophils. Two indications of the impor-
tance of antigen-antibody complexes in this phenomenon are noted. The tirst is
that almost all organisms seen within eosinophils stained with rabbit anti hu-
man IgGv conjugated with FITC. Secondly, the ability of serum to enhance
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FIG. 2. The attachment of IgG antibody to a C. albicans spore contained within an
eosinophil is shown by immunofluorescent technique.

phagoeytosis was abolished when it was diluted hevond the Tgo antibody titer
as determined by indireet immunofluoreseenee. In the present studies there was
no correlation hetween phagocytosis and the titers of the other immunoglobulin
antibodies. Tt might be speeulated that if a serum were tested which had a
higher IgM than Igti anti-Candida titer, the phagoeytic activity ol the cells
might parallel the LgM titer. The probahility that at least the first 4 compo-
nents of the complement system are involved in the phagoeytic process is indi-
cated by a three- 1o sixtold decrease in phagoeytosis following heating of the
sera to 56° (' for 30 minutes and hy the positive anti-g,(* staining of the phago-
extosed spores.

To ensure that the positive staining with the FITC-conjugates truly indicates
the presence of immunoglobulins in cosinophils, a technique which blocks the
nonspecific binding of the FITC to the eell granules is necessary. Panush and
associates™ used Evans blue dve for this purpose. We have used rhodamine B,
a dye with a chemteal structure siniilar to those of cosin and FTTC, to cover the
nonspecific binding sites of' the granules hetore the specific conjugates were ap-
plied. Preliminary studies showed that with a blue filter in the microscope, the
granules of the cosinophil would stain brown with the rhodamine B and then
would not stain green when exposed to FTT(. The rhodamine was conjugated to
BSA to allow for saturation of nonspecific hinding ot protein to the cells hefore
the FITC conjugates were used. With the use of this procedure, the granules ot
the cosinophil stained brown, while the spores within the cells stained green,
indicating the presence of Tg(i or 8,0,

Previous studies using soluble antigens have shown that cosinophils may
phagoeytose antigen in the presence of antibody but not antigen ov antibody
alone.®> * ' In the present study using particulate antigen and an immuno-
fluorescent technique, we have directly demonstrated the presence of antigen-
antibody complexes in eosinophils. The teehnigue deseribed should prove valuable
in studying the phagoeytic activity of the cosinophil toward a variety of antigen-
antibody complexes.
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