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Candidiasis visualised by proteinase-directed immunofluorescence
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Summary. The secretory aspartic proteinases of Candida
albicans and C. tropicalis are potential factors for viru-
lence produced during infection. By indirect immuno-
fluorescence, we have demonstrated proteinase antigen
on clements of both species in deparaffinized tissue sec-
tions derived from clinical cases of mucosal and deep-
seated candidiasis. Occasionally, we observed a halo of
fluorescence in the close vicinity of candidal cells, which
may reflect secretion of the enzyme. In kidneys, a ring
of amorphous fluorescent material surrounding candidal
colonies may illustrate alkaline denaturation of secreted
enzyme within a pH gradient, which is generated by
the fungus. Our findings support the view that candidal
proteinase may be a diagnostically relevant antigen.
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Introduction

Among the opportunistic fungi causing mucosal and
deep-seated mycoses, Candida albicans and C. tropicalis
play a dominant role (Odds 1988). Potential factors for
virulence of these yeast-like fungi comprise dimorphism,
fast phenotypic switching, and secretion of hydrolytic
enzymes (for review, see Ghannoum and Abu-Elteen
1990). Among the candidal hydrolases, an aspartic pro-
teinase (candidal proteinase) has attracted the most at-
tention (Ross et al. 1990; Riichel 1990).

Candidal proteinase is induced in experimental infec-
tion of human oral mucosa (Borg and Riichel 1988) and
phagocytic cells (Borg and Riichel 1990). Previously, we
have demonstrated the proteinase antigen in sera of cer-
tain patients suffering from candidiasis (Riichel et al.
1988). A role for candidal proteinase as a diagnostic
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antigen can, however, only be assumed if the antigen
can reliably be detected in situ during infection. For this
purpose, we have investigated the expression of protein-
ase antigen in mycotic human tissue.

Patients and methods

The present study comprised 20 immuno-compromised patients
who died between 1984 and 1986 in the Goéttingen University Hos-
pital (Zimmermann 1986). Postmortem examination revealed le-
sions suggesting invasive candidiasis, which were confirmed histo-
pathologically, using the periodic acid-Schiff stain (PAS), Gomori
methenamine silver stain (GMS) or Calcofluor white according
to Hageage and Harrington (1984).

Tissues from the following patients were used in this study:

1. A 62-year-old male patient suffering from peritoneal carcinoma-
tosis causing perforation of the sigmoid colon. The patient died
of peritonitis, and a postmortem examination revealed disseminat-
ed candidiasis (lungs, kidneys) and thrush of the urinary bladder.
2. A 23-year-old male patient suffering from acute myeloblastic
leukaemia. He underwent antineoplastic chemotherapy including
cytosine arabinoside. During the following granulocytopenia, he
developed partial ileus and pneumonia and died of respiratory fail-
ure. Autopsy revealed disseminated candidiasis involving the lungs,
liver and gut.

3. A 42-year-old male homosexual suffering from AIDS. He devel-
oped Kaposi’s sarcoma of the lungs and died of pulmonary ob-
struction without signs of serious opportunistic infection. Autopsy
revealed typical candidal oesophagitis and fungal infiltrates of the
lung, suggesting bronchopneumonia.

4. An 87-year-old male patient who was hospitalized for chronic
diarrhoea and pneumonia. He developed fever and died of septic
shock. C. albicans had been cultured premortem from an intrave-
nous device, and necropsy revealed disseminated candidiasis (myo-
cardium, lungs, and kidneys).

5. A 20-year-old male patient who was hospitalized for allergic
pancytopenia. During subsequent corticosteroid therapy he devel-
oped fever and died of septic shock. Necropsy revealed disseminat-
ed candidiasis involving lungs, kidneys, heart and brain.

If fungal elements were disclosed by PAS or GMS staining,
immunofluorescence was performed on adjacent tissue sections.
The following procedure was adapted from Hed and Enestrém
(1981) and was performed at room temperature. Thin sections were
cut from formaldehyde-fixed, paraffin-embedded tissue, which
were deparaffinized by xylene and graded ethanol as usual and
exposed to bovine trypsin (Serva, Heidelberg, FRG, no. 37257).
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After 15 min exposure to a freshly prepared solution of trypsin
[1 mg/ml in phosphate buffered saline (PBS) at pH 7.4], the speci-
mens were exposed twice for 10 min to the trypsin inhibitor phenyl-
methane-sulphonyl fluoride (PMSF, Sigma, St. Louis Mo. no.
P 7626), which was made up at 103 M in PBS immediately before
use.

After a series of rinses in PBS (5 x 2 min), non-specific protein
binding sites were saturated with bovine serum albumin (BSA,
Sigma no. A 7906) at 10 mg/ml in PBS for 30 min.

The first antibody (anti-proteinase, see below) was then added
(10 pg/ml in PBS + 1% BSA). After 2 h and another series of rinses
with PBS, the specimens were saturated with non-specific serum
(20-fold diluted in PBS, 30 min), which corresponded to the species
from which the following second antibody originated. After an-
other series of rinses in PBS, the specimens were exposed to the
fluorescein-labelled second antibody (diluted 30-fold in PBS-BSA).
The fluorescein-antibody conjugates (anti-rabbit immunoglobulins,
anti-guinea-pig immunoglobulins) were obtained from Dakopatts
(Copenhagen, Denmark).

After a final series of rinses in PBS, the specimens were embed-
ded in PBS-buffered glycerol with 1 mg/ml p-phenylenediamine
(Sigma, P 1519) according to Johnson et al. (1982), and were cov-
ered with a coverslip. The specimens were viewed with a Zeiss
microscope (Zeiss, Oberkochen, FRG), equipped with epifluores-
cent illumination and appropriate filters. Recordings were made
on Kodak Ektachrome 400 ASA 35 mm film.

The anti-proteinase antibodies were derived from immune sera,
which were elicited in rabbit or guinea-pig in this laboratory, using
affinity-purified candidal proteinases. The specificity of these anti-
bodies has been previously established (Borg and Riichel 1988).
The antisera have also been shown to be virtually free of anti-
Aspergillus activity (Berger et al. 1988).

Results

Evidence for the presence of candidal proteinase antigen
was found in every organ which was positive with PAS,
GMS or Calcofluor staining, such as mucosa, central
nervous system, lung, heart, liver, pancreas and kidney.

The proteinase antigen was always affiliated with the
cell wall of blastoconidia and filamentous fungal cells.

Strong proteinase-dependent fluorescence was ob-
served with superficially growing fungi exemplified by
thrush of the urinary bladder (Fig. 1). Comparable fluo-
rescence was observed in invasive intestinal candidiasis
(Fig. 2a). The specificity of this immune reaction can
be judged by the image of a control without specific
antibody (Fig. 2b).

Likewise, a strong specific fluorescence was observed
in mycotic lung (Fig. 3) and myocardium (Fig. 4a). The
image after GMS staining of a corresponding section
from the latter case is shown in Fig. 4b.

A halo of granular fluorescent material in the vicinity
of fungal cells was observed in the brain (Fig. 5), and
in another case of myocardial candidiasis (data not
shown).

Likewise, fungal elements in tissue sections from cases
of oral thrush, candidal oesophagitis, gastric mucosal
candidiasis, candidal bronchopneumonia and interstitial
pneumonia, pancreatic candidiasis, candidal endocardi-
tis, and meningitis were tested for proteinase antigen.
In all these samples, proteinase antigen was detected
(Zimmermann 1986). The intensity of immune fluores-
cence was lower than usual in tissue from candidal endo-

carditis and meningitis, where the fungal cells were bur-
ied in fibrin clots (results not shown).

In mycotic kidney, amorphous deposits of proteinase
antigen were found to form a ring around fungal colo-
nies (Fig. 6). This type of deposition was found in all
the three examined cases of candidal nephritis and may
reflect the secretion and subsequent denaturation of the
fungal enzyme.

Discussion

Deep-seated candidiasis, like other opportunistic my-
coses, can be diagnosed histologically. However, fungal
elements in tissue are often not distinguishable by stan-
dard staining procedures (Luna and Tortoledo 1985).
Differentiation of fungal elements, even in formalde-
hyde-fixed, paraffin-embedded tissue, can be attempted
immunologically (Kobayashi et al. 1988; Reijula 1989).
In these studies, either whole cell antigens or a non-
defined mixture of cytoplasmic antigens of the fungi
were used as targets.

We have used detector antibodies specific for a de-
fined antigen, the extracellular aspartic proteinases of
C. albicans and C. tropicalis. The reactivity of the pro-
teinase antigen was enhanced by unmasking with tryp-
sin. The additional pretreatment with pepsin (Hed and
Enestrom 1981) was avoided, since pepsin belongs to
the aspartic proteinases like candidal proteinase.

Secretory aspartic candidal proteinases (E.C.3.4.23.6)
are potential factors for virulence which have been char-
acterized from C. albicans, C. tropicalis and C. parapsilo-
sis {Richel 1990), and which have recently attracted
much attention (De Bernardis et al. 1989; Tsuboi et al.
1989; Ray and Payne 1990; Ross et al. 1990). The inhibi-
tion of candidal proteinase in vivo has a modulating ef-
fect on systemic murine candidosis (Riichel et al. 1990).
The gene of a secretory candidal proteinase has recently
been cloned and sequenced (Hube et al., 1991).

Immunohistological evidence for secretion of the en-
zyme during murine candidiasis was first provided by
Macdonald and Odds (1980), who observed a specific
immunofluorescence of the fungal cells and a halo of
fluorescence in their immediate vicinity. Subsequently,
we demonstrated the antigen in mycotic human epider-
mis (Riichel 1984). This study was extended to various
types of mycotic human tissues to investigate the con-

Fig. 1. Pseudomembranous candidiasis of the urinary bladder (pa-
tient 1): demonstration of fungal elements by specific immuno-
fluorescence of Candida albicans proteinase. Bar =30 pm

Fig. 2. a Invasive intestinal candidiasis (patient 2): demonstration
of candidal elements in gut mucosa by immunofluorescence of Can-
dida proteinase. C. albicans was grown from surveillance cultures.
Bar=100 um. b Adjacent mucosal section after treatment as in
a. The specific antibodies, however, were replaced by non-adsorbed
gammaglobulins of the rabbit preimmunization serum

Fig. 3. Pulmonary candidiasis (patient 3): demonstration of fungal
elements by immunofluorescence of candidal proteinase. C. albi-
cans was grown from respiratory secretion. Bar =35 um



Fig. 4. a Myocardial candidiasis (patient 4): demonstration of fun-
gal elements by immunofluorescence of candidal proteinase in the
periphery of a haematogenous microabscess. Differential reactivity
with antibodies against proteinases of C. albicans and C. tropicalis
suggested presence of the latter. Bar=30 um. b Adjacent myocar-
dial section: Grocott-methenamine staining

Fig. 5. Candida encephalitis (patient 5): demonstration of fungal
elements by immunofluorescence of candidal proteinase. Note the

halo of amorphous fluorescent matter surrounding fungal cells.
C. albicans was grown post mortem from various organs. Bar=
20 pm

Fig. 6. Candida nephritis (patient 4): demonstration of fungal cells
by immunofluorescence of fungal proteinase, using antibodies from
guinea-pig, which cross-reacted with all candidal proteinases. Note
the ring of amorphous fluorescent matter surrounding the candidal
colony. Bar=10 um




202

sistency of expression of the proteinase antigen during
infection.

The specificity of the anti-proteinase antibodies used
has been previously established (Borg and Riichel 1988).
Various murine monoclonal antibodies against candidal
proteinases were not suited for immunofluorescence
under the conditions of this study (M. Borg, personal
communication). Proteinase-related fluorescence was
found consistently on the surface of candidal cells, ex-
cept in a case of candidal nephritis, which was possibly
due to the non-proteolytic yeast C. glabrata. In this spec-
imen blastoconidia were exclusively seen, which reacted
only with antibodies against fungal cell wall antigens
(unpublished data). Filamentous fungal cells were al-
ways found to be antigen-positive, suggesting that only
the common serotype A was present if C. albicans was
involved (Borg and Riichel 1990). Lowered intensity of
fluorescence must be expected, if the fungal cells are
embedded in fibrin clots, for example, in endocarditis.
A halo of fluorescence, as observed by Macdonald and
Odds (1980), was occasionally seen in candidal myocar-
ditis and encephalitis. However, in renal candidiasis,
proteinase was mostly deposited around fungal colonies
in a unique ring-like fashion. The ring pattern not only
illustrates secretion of proteinase, but it is also indicative
of denaturation, which appears to involve dimerization
of the enzyme (Riichel et al. 1982), and which occurs
at approximately neutral pH at some distance from the
fungal colonies. In the close vicinity of fungal colonies,
the pH is likely to be as low as pH 5 due to secretion
of organic acids (Stewart et al. 1989). Here the enzyme
is likely to act rather indiscriminately on most proteina-
ceous substrates. Close to neutral pH, specific effects
such as activation of blood coagulation or the kallikrein-
kinin system may be effected by those candidal protein-
ases which are relatively resistant to denaturation
(Riichel et al. 1982; Kaminishi et al. 1990). Such en-
zymes can enter the blood, where they can be detected
immunologically (Riichel et al. 1988); they can reach dis-
tant sites of the body and act as factors of virulence.
Likewise, circulating candidal proteinases may act as ser-
ological markers of invasive candidiasis, and they may
even serve as targets for anti-mycotic therapy.
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