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Abstract

Fungal biofilm has remained a serious medical problem that complicates treatment of mycoses. In particular, once biofilms are
formed, they display high levels of resistance against most common antifungals. Candida auris is currently considered as a
serious emerging fungal pathogen frequently exhibiting high levels of resistance to antifungals. Recent studies have confirmed
that C. auris shares similarity with Candida albicans in regards to virulence-associated proteins involved in adherence and
biofilm development. Complement receptor 3-related protein (CR3-RP) is one of the key surface antigens expressed by Candida
species during biofilm formation. Here, we have investigated the presence of this cell surface moiety on the surface of C. auris, as
well as the potential of anti-CR3-RP polyclonal antibody (Ab) to inhibit biofilm formation by this emerging fungal pathogen.
Using indirect immunofluorescence and ELISA, we were able to confirm the presence of CR3-RP in C. auris cells within
biofilms. Further, not only anti-CR3-RP Ab was able to inhibit biofilm formation by multiple C. auris strains when added during
the adherence phase, but it also demonstrated activity against C. auris 24-h pre-formed biofilms, which compared favorably to
levels of inhibition achieved by treatment with current conventional antifungals fluconazole, amphotericin B, and caspofungin.
Overall, our data demonstrate the presence of this antigen on the surface of C. auris and points to the potential of anti-CR3-RP Ab
in eradication of biofilms formed by this novel fungal pathogen.
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Introduction

Complement receptor 3-related protein (CR3-RP) is an immu-
nogenic surface protein expressed on the cell wall of Candida
species (spp.) during adherence and biofilm formation, with
functional and structural similarity to the human complement
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receptor 3 (CR3) expressed on neutrophils, macrophages, and
monocytes [1-4]. Recently, our group has demonstrated an im-
portant role of CR3-RP in adherence and biofilm development
of different Candida spp. Anti-adhesive and anti-biofilm effects
of anti-CR3-RP polyclonal antibody (Ab) directed against the
antigen CR3-RP on Candida cell wall have already been de-
scribed [5—7]. Most recently, a reduction in adherence and bio-
film formation was proven not only in Candida albicans, but
also in Candida dubliniensis after treatment of the yeast cells
with anti-CR3-RP Ab in vitro/ex vivo and in vivo [8].

Candida auris is considered an emerging fungal pathogen,
spreading rapidly around the world, and increasingly associ-
ated with nosocomial invasive fungal infections which very
often are resistant to treatment with current conventional an-
tifungals [9—12]. It has already been proven that this species
(sp.) is able to colonize substrates and subsequently form
biofilms in vitro and in vivo [12—14]. The genome of
C. auris contains genes encoding for two types of efflux
pumps, ABC transporters and major facilitators [15, 16],
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which could explain why C. auris often displays multidrug
resistance to various antifungals [17, 18]. Moreover, C. auris
expresses many genes encoding virulence-associated proteins
similar to those expressed in C. albicans, some of which have
been associated with invasion and biofilm development [17].
CR3-RP is believed to be one of the important surface anti-
gens involved in virulence-associated processes. Beside
C. albicans and C. dubliniensis, this protein was also identi-
fied in C. parapsilosis, C. glabrata, and C. krusei [2, 8].
Antibodies directed against surface antigens are considered
to be potential candidates for the development of novel ap-
proaches for the therapy of Candida infections [19-21]. In the
case of anti-CR3-RP Ab, its potential anti-adherence and anti-
biofilm effect have already been described in C. albicans and
C. dubliniensis by our group [7, 8]. Mentioned results were a
motivation for continuation in this research using C. auris.
Thus, the main aims of this research were to investigate the
presence of CR3-RP on the surface of C. auris and to evaluate
the potential of anti-CR3-RP Ab in eradication of multidrug-
resistant C. quris biofilms.

Material and methods
Candida strains and growth conditions

C. albicans wild-type strain SC5314 [22] was used as control
in all experiments. The C. auris clinical isolates 0390, 0383,
and 0386 with different patterns of resistance to antifungals
were obtained from the Centers for Diseases Control and
Prevention (CDC) Antimicrobial resistance bank (USA).
Prior to all experiments, cells from stocks stored at —80 °C
were streaked onto a yeast extract-peptone-dextrose plate
(YPD) supplemented with 2% of agar (Becton Dickinson,
USA) and incubated overnight at 30 °C. One loopful of cells
from YPD agar plates was inoculated into flasks containing
20 ml of YPD broth and grown in an orbital shaker (180 rpm,
New Brunswick Scientific, USA), for up to 16 h at 30 °C. The
cells were then washed twice with phosphate-buffered saline
(PBS) buffer (Sigma, USA) and adjusted to the appropriate
density for each experiment.

Antifungal susceptibility of biofilms formed
by C. albicans and C. auris strains

All strains were tested for their ability to form biofilm
(Supplementary Material Fig. S1). The susceptibility of
biofilms against fluconazole (FLU, SAGENT
Pharmaceuticals, USA), caspofungin (CAS, Merck, USA),
and amphotericin B (AMB, Sigma, USA) was tested in vitro
following the 96-well microtiter plate method first described
by Ramage et al. [23] with slight modifications. The initial
inoculum was adjusted to 2 x 10° cells per ml in RPMI 1640
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medium containing 2% D-glucose (Corning, USA) and buft-
ered with 165 mM morpholine propanesulfonic acid (MOPS;
Sigma, USA) to pH 7.0. The anti-biofilm activity of the anti-
fungals was tested in two different modalities: (1) agents were
added at the beginning of biofilm formation and (2) antifungal
drugs were added to 24-h pre-mature biofilms. In both treat-
ment modalities, the plates were washed after incubation, and
the viability of cells within the biofilms was evaluated using
an XTT (2, 3-bis (2-methoxy-4-nitro-5-sulfophenyl)-
2Htetrazolium-5-carboxanilide sodium salt, Sigma, USA) re-
duction assay as previously described [23]. Results were cal-
culated as a mean value + standard deviation (SD) from at least
five parallel wells and from two independent experiments.
Each experiment contained positive control (biofilm without
drug, to allow for uninterrupted biofilm formation) and nega-
tive control (no cells, to monitor contamination and to be able
to calculate the percent inhibition). The extent of biofilm inhi-
bition was calculated as a percentage of colorimetric readings
of biofilm cells in treated wells and compared to the control
sample without agents, which was set to 100%. From these
values, the “sessile minimum inhibitory concentrations”
(SMICs) was calculated at 50% (for FLU and CAS) and
100% inhibition (for AMB) as per Ramage et al. [23].

Isolation and quantification of CR3-RP antigen
in C. auris protein lysates

The presence of CR3-RP was determined in biofilm cells of
C. auris using indirect immunofluorescence, and levels of
expression of CR3-RP were quantified using an ELISA assay
(enzyme-linked immunosorbent assay), according to the pro-
tocols previously published by our group [8, 24] with some
modifications. For this work, one representative C. auris
strain (C. auris 0390) was selected based on biofilm produc-
tion and resistance profile. The strain C. albicans SC5314 was
used as the control. Fluorescence was detected by inverted
fluorescence microscope ZEISS Axio Observer 5 (Zeiss,
Germany) (excitation/emission spectra 485/515 nm). The pic-
tures were captured by ZEISS Axiocam 503 (Zeiss, Germany)
and evaluated by software ZEN Pro (Zeiss, Germany). The
level of CR3-RP was quantified in protein lysates of the tested
strains using an ELISA assay as previously described by
Chupacova et al. [8]. Proteins were extracted from (i) plank-
tonic cells from overnight yeast suspension, (ii) biofilm cells
after 24-h cultivation, and (iii) biofilm cells after 48-h cultiva-
tion. Results were calculated as a mean value + SD from at
least five parallel wells and two independent experiments.

Anti-biofilm activity of anti-CR3-RP Ab
The inhibitory effect of anti-CR3-RP Ab in biofilm formation

as well as its activity against preformed biofilms was tested
following mostly the same protocol described above for
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antifungal susceptibility testing [23], but the diluted anti-CR3-
RP Ab was tested instead of antifungal agents. For inhibition
of biofilm formation, 100 ul of anti-CR3-RP Ab (dilution 1:50
in fresh RPMI-MOPS) was added to the wells, and plates were
incubated for 90 min at 37 °C. After the adherence phase, non-
adhered cells were removed and adherent cells were washed
twice with PBS. Adherent cells were then overlaid again with
100 pl of anti-CR3-RP Ab and incubated at 37 °C for a further
48 h. For activity against 24-h pre-formed biofilms, 100 pl of
the diluted anti-CR3-RP Ab was added to wells. Plates were
incubated for another 24 h at 37 °C. The XTT reduction assay
was performed as described above. Each experiment was per-
formed in five parallel wells and performed twice. Data were
expressed as mean values + SD.

Microscopy

For microscopy, biofilms of C. auris 0390 and C. albicans
SC5314 were prepared using a similar protocol as above,
but instead using 24-well microtiter plates (Corning Inc.,
USA) with a final volume of 500 ul in each well. The final
dilution of anti-CR3-RP Ab was 1:100 in RPMI-MOPS and
Ab was added to the cells at =0 h (for inhibition of biofilm
formation) and =24 h (for activity against pre-formed
biofilms). RPMI-MOPS medium without Ab was used as a
control. After 48 h, the medium was aspirated, the biofilms
were gently washed with PBS and stained with crystal violet
solution (0.6 g crystal violet, Sigma, USA; prepared in 10 ml
of isopropanol, 10 ml of methanol, and 180 ml of Millipore
water). After 5 min, the crystal violet was removed and plates
were washed twice with 500 pl of distilled water. Samples
were directly observed using a 40x objective in an inverted
system microscope (Westover Scientific, USA) equipped for
photography. The images were processed for display using
Micron software (Westover Scientific, USA).

Statistical analyses

Results were evaluated by statistical analysis using one-way ¢
test using Graph Pad Prism software (Graph Pad, San Diego,
USA). Differences were considered statistically significant at
P <0.05 (), highly significant at p < 0.01 (), and extremely
significant at p < 0.001 (s%x).

Results and discussion

The anti-biofilm effect of anti-CR3-RP Ab has been described
recently in some Candida spp. [7, 8] and this work represents
a continuation of those experiments, with a focus on the ef-
fectiveness of Ab against the multidrug-resistant pathogen
C. auris, in particular in biofilm formed in vitro.

Resistance of C. auris biofilms against commercial
antifungal agents

Formation of fungal biofilms represents a major medical prob-
lem mostly due to their recalcitrance to antifungal treatment
[25] as cells within the biofilms are up to 1000-fold more
resistant compared to their non-biofilm, planktonic counter-
parts [23, 26, 27]. Our initial experiments demonstrated that
all C. auris isolates tested were able to form biofilm in vitro,
but to a lower extent than C. albicans (Supplementary Fig.
S1). The results are similar to those reported by Sherry et al.
[13] for a different C. auris strains. In agreement with men-
tioned study, our results confirmed the decreased susceptibil-
ity of C. auris biofilms to current antifungals FLU, CAS, and
AMB (Table 1). When drugs were added at the beginning of
biofilm formation during the adherence phase (=0 h), FLU
was the least effective drug against all C. auris isolates
(SMICsp > 64 pg/ml). SMICsq values for CAS were deter-
mined to be 0.5-1 pg/ml. Interestingly, C. auris 0390 also
demonstrated a higher levels of resistance against AMB.
When the antifungal drugs were added to the 24-h pre-formed
biofilm, results clearly indicated the intrinsic resistance of
biofilms formed by all three tested C. auris isolates
(Table 1). These results confirmed that eradication of
C. auris biofilms by conventional drugs is problematic and
searching for alternative approaches seems to be essential.

C. auris expresses CR3-RP antigen

The expression of CR3-RP has already been observed in some
Candida spp. [2, 8, 28]. Therefore at first, it was important to
demonstrate whether CR3-RP is expressed by C. auris as
well. As it is shown in Fig. 1, indirect immunofluorescence
using the anti CR3-RP Ab demonstrated the expression of this
antigen on the surface of C. auris cells, with fluorescence
levels comparable to those observed for the C. albicans

Table 1 Susceptibility profiles of C. auris biofilms to conventional
antifungals applied during the adherence phase for inhibition of biofilm
formation (=0 h) or to 24-h pre-formed biofilm for activity against
preformed biofilms (#=24 h). Values are in pg/ml

Strains t=0h t=24h

FLU CAS AMB FLU CAS AMB
C. auris 0390 > 64 1 >8 > 64 >16 >8
C. auris 0383 > 64 1 1 > 64 >16 >8
C. auris 0386 > 64 0.5 1 > 64 >16 >8

Values for FLU and CAS are expressed as SMICsg, minimal inhibitory
concentrations inhibiting metabolic activity of sessile cells by 50% or
more compared to the control sample without agent

Values for AMB are expressed as SMIC o, minimal inhibitory concen-
tration of AMB inhibiting metabolic activity of sessile cells by 100%
compared to the control sample without agent
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Fig. 1 Expression of the CR3-RP antigen in cells from biofilms of
C. albicans SC5314 (a) and C. auris 0390 (d) as visualized by indirect
immunofluorescence using the anti-CR3-RP Ab. b, e Bright filed images;
¢, f negative controls without primary antibody. Magnification 400x. g

control cells (Fig. 1a, d). The same anti-CR3-RP Ab was used
in an ELISA assay in order to quantity levels of CR3-RP. As it
is also seen in Fig. 1g, results of this ELISA corroborated the
presence of CR3-RP in C. auris lysate to similar level com-
pared to C. albicans. Additionally, these results proved slight-
ly increased quantity of CR3-RP in 24-h pre-matured biofilm

@ Springer

Results of ELISA to quantity levels of CR3-RP in protein lysates of
planktonic and biofilm cells of C. albicans SC5314 and C. auris 0390.
Negative control—samples without Ab; positive control—synthetic pep-
tide CR3-RP in concentration of 1 pg/ml

compared to the planktonic cells for both C. albicans and
C. auris; however, differences were not statistically signifi-
cant. The image from indirect immunofluorescence also con-
firmed the presence of CR3-RP in biofilms of both spp. It was
initially believed that the expression of CR3-RP was mainly
associated with mycelial form [29], but a subsequent study
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confirmed the expression of this antigen in the yeast form as
well [2]. Our results were in agreement with that observation;
the presence of CR3-RP was confirmed in hyphae of
C. albicans SC5314, but also in the yeast form of C. auris
0390. Thus, CR3-RP may represent an attractive target for
prevention and treatment of infections associated with differ-
ent Candida spp. including C. auris [18].

Activity of anti CR3-RP Ab against C. auris biofilms

Currently, fungal surface antigens are involved in the study of
novel approaches for the treatment of candidiasis, including
vaccine development [22-24, 30]. Taking into account this
information, we were interested in examining the potential
activity of anti-CR3-RP Ab against resistant C. auris biofilms.
In this set of experiments, the effectiveness of anti-CR3-RP
Ab on the C. auris biofilm compared to the activity of con-
ventional antifungals was studied. Results summarized in
Fig. 2 demonstrate that incubation of yeasts in the presence
of anti-CR3-RP Ab resulted in higher inhibition of biofilm
formation compared to all antifungal agents tested (FLU,
CAS, and AMB) in both C. albicans (Fig. 2a) and C. auris
isolates (Fig. 2b—d). For all tested isolates, treatment with anti-
CR3-RP Ab resulted in statistically significant reduction in the
metabolic activity of biofilm cells with 73% for C. auris 0390,
36% for C. auris 0383, and 49% for C. auris 0386, compared
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Fig. 2 Activity of anti-CR3-RP Ab to inhibit biofilm formation by
C. albicans SC5314 (a) and C. auris strains (b C. auris 0390; ¢
C. auris 0383; d C. auris 0386). The anti-CR3-RP Ab (white columns)
or antifungal drugs (gray columns) were added at #=0 h in the adherence

to the untreated controls. Inhibition of biofilm formation of the
reference strain C. albicans SC5314 was 75%, also
confirming results from our previous work [8]. These levels
of biofilm inhibition compared favorable to those obtained
with current antifungals. CAS was the only drug able to inhibit
biofilm of the C. albicans strain and only one C. auris (0386)
isolate by more than 50% (p <0.001).

For the second modality treatment, anti-CR3-RP Ab was
added to the 24-h pre-matured biofilms of C. auris and
C. albicans. As it is shown in Fig. 3, treatment with anti-CR3-
RP Ab resulted in statistically significant differences (p <0.001)
in metabolic activity of biofilm cells in all tested C. auris isolates,
as well as in the control strain C. albicans SC5314], although as
expected, these decreases were lower than those observed for
inhibition of biofilm formation, never reaching > 50% inhibition.
However, the activity of anti-CR3-RP Ab was higher compared
to all three conventional antifungals tested.

The anti-biofilm effect of anti-CR3-RP Ab was also sup-
ported by brightfield microscopy observations (Fig. 4).
Results showed significant reduction in biofilm density and
quantity for both tested strains of C. auris (0390) and
C. albicans SC5314 (control) not only when anti-CR3-RP
Ab was added at r=0 h (Fig. 4b, ¢), but also when anti
CR3-RP Ab was administered after 24 h to pre-formed biofilm
(Fig. 4c, f). These observations were compared to the control
biofilms developed in the absence of treatment (Fig. 4a, d).
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The strategy in which Ab, block target Candida surface pro-
teins has been postulated in many studies as a promising alter-
native approach for combating Candida infection [22, 24, 30].
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the different strains were fully formed. Cells within biofilms were
significantly less metabolically active compared to the control after
administration of Ab (p <0.001 (***))

Here, after demonstrating the presence of CR3-RP antigen in the
C. auris cell wall, we also confirmed the effectiveness of anti-
CR3-RP Ab on multidrug-resistant biofilm formed by C. auris.

C. auris 0390
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Fig. 4 Effect of anti-CR3-RP Ab on biofilms formed by C. albicans
SC5314 (a—c) and C. auris 0390 (d—f) on polystyrene surface in vitro;
control 48-h biofilm without antibody (a, d); biofilm formed in the
presence of anti-CR3-RP Ab added in the adherence phase (=0 h) (b,
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The specific mechanism of action by which this Ab targets
Candida spp., and in particular its activity against Candida bio-
film, is unknown. It has been reported that anti-CR3-RP Ab can
bind covalently to CR3-RP antigen in cell wall of Candida and
through this mechanisms block the function of CR3-RP as a
mimic protein, protecting the yeast against immune system re-
action [7]. Possibility of cross reaction with other virulence pro-
teins leading to decrease of adherence and biofilm formation
could also be assumed. For example, Fujibayashi et al. (2009)
described the blocking cell wall antigens involved in adhesion
with 3 anti-Candida 1gY Abg produced in egg yolk and sug-
gested a possible cross-reaction of Abg with Als3 and Hwpl
proteins leading to reduction in adhesion and biofilm develop-
ment [31]. We could also hypothesize that binding of anti-CR3-
RP Ab to its corresponding CR3-RP antigen in yeasts may lead
to changes in the integrity of the cell wall or in cell surface
properties, which could explain, at least in part, its activity
against biofilms. However, more experiments are needed to con-
firm this hypothesis. Overall, our results demonstrated the activ-
ity of CR3-RP Ab against multidrug-resistant C. auris biofilms
and may serve as the basis for the development of alternative
strategy to tackle these difficult to treat infections caused by
C. auris.
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