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Anti-Candida Antibodies of Patients with Invasive
Candidiasis Inhibit Growth, Alter Cell Wall Structure,

and Kill Candida albicans In Vitro
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Abstract Invasive candidiasis (IC), caused by Can-
dida yeasts, particularly Candida albicans, poses a
significant threat with high mortality rates. Diagnosis
is challenging due to Candida’s common presence
in human microbiota. To address this, our research
group developed an immunofluorescence assay
detecting Candida albicans Germ Tube Antibodies
(CAGTA) in IC patients. CAGTA, indicative of inva-
sive processes, is associated with a lower mortality
rate in ICU patients. Based on this premise, this study
aims to provide results regarding the lack of knowl-
edge about the potential activity of CAGTA against
invasive infections in humans caused by the fungus
Candida albicans. Therefore, in order to characterize
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the activity of CAGTA produced by patients with
IC, we used sera from 29 patients with IC caused by
either C. albicans or non-albicans Candida species.
Whole serum IgG antibodies were fractionated into
anti-blastospores, CAGTA-enriched, and purified
CAGTA and the assessments included XTT colori-
metric assays for metabolic activity, CFU counts for
viability, and microscopy for growth, viability, and
morphological analysis. The CAGTA-enriched IgG
fraction significantly reduced the metabolic activity
and viability of C. albicans compared to anti-blasto-
spores. Purified CAGTA altered germ tube cell wall
surfaces, as revealed by electron microscopy, and
exhibited fungicidal properties by DiBAC fluores-
cent staining. In conclusion, antibodies in response to
invasive candidiasis have antifungal activity against
Candida albicans, influencing metabolic activity,
viability, and cell wall structure, leading to cell death.
These findings suggest the potential utility of CAGTA
as diagnostic markers and support the possibility of
developing immunization protocols against Candida
infections.

Keywords Candida albicans - Invasive candidiasis -
Antibodies - Growth inhibitor - Fungicides
Introduction

Invasive Candidiasis (IC) is a fungal infection caused
by yeasts of the genus Candida, among which
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Candida albicans is the most frequently isolated,
affecting more than 250,000 people worldwide every
year and cause more than 50,000 deaths [1]. Some
species of Candida are common colonizers of the
skin, and of the gastrointestinal, genitourinary and
respiratory tract mucous membranes. Nevertheless,
under certain circumstances, they can cause both
superficial and invasive infections, and the latter are
associated with high mortality rates due to the diag-
nostic difficulties derived from the absence of pathog-
nomonic signs [2].

Despite some improvement in diagnostic methods
and the introduction of new drugs for treatment, IC
is still a major problem in critically ill patients [3-5].
Other risk conditions for an invasive fungal disease
(IFD) are immunosuppression, HIV infected patients,
recipients of hematopoietic or solid organ transplan-
tation, and long stay in the ICU [6, 7].

Globally, the incidence of C. albicans isolates is
decreasing (65.3% to 48.4%), in favor of non-albicans
Candida species (NAC) such as Candida glabrata
(from 11.3 to 18.2%), Candida parapsilosis (6% to
17.1%) or Candida tropicalis (7.2% to 10. 6%) [8]. In
Spain, nowadays, C. albicans is still the major cause
of IC (47.7%), followed by C. parapsilosis (22%), C.
glabrata (15.8%), C. tropicalis (9.3%) and Candida
krusei (2.8%) [9].

Blood culture remains the “gold standard” for
diagnosis of IC or, alternatively, histopathological
evidence in normally sterile sites, but both techniques
have low sensitivity, and a long turnaround time
(72-96 h) leading to a delay in specific treatment that
results in increased mortality [10]. In this line, a mul-
ticenter retrospective study conducted in 23 ICUs of 9
European countries reported an IC incidence of 7.07
episodes per 1000 admissions with a 30-day mortality
of 42% [11].

In an attempt to improve the diagnostic resources
for IC, our group of research developed an indirect
immunofluorescence (IIF) assay detecting antibod-
ies that recognize specific antigens located on the
cell wall surface of C. albicans germ tubes; such
antibodies are associated to the invasive candidiasis
process and were termed CAGTA (Candida albi-
cans Germ Tube Antibodies) [12-18]. The detection
of CAGTA has achieved very interesting results,
even in neutropenic patients, and its diagnostic
value has been proved successful for monitoring
antifungal therapies [19]. A Spanish multicenter
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study with 53 IC patients admitted to ICU evi-
denced that those with increased CAGTA titers
along with antifungal treatment greatly reduced
their associated mortality rate from 61.2 to 22.7%
[20]. This aspect is related to an efficient anti-Can-
dida response that requires the cooperation of dif-
ferent mechanisms of the immune system [21-24].
In this regard, antibodies confer protection against
fungal infections by opsonization and phagocytosis,
complement activation and antibody-dependent cell
toxicity [25, 26]. In addition to direct neutralization
of fungi and their antigens, antibodies can inhibit
fungal growth, modify gene expression, signaling
and lipid metabolism, induce iron starvation, and
reduce polysaccharide release and biofilm formation
[6, 24].

Furthermore, the identification of specific antigens
that are recognized by CAGTA, such as hyphal wall
protein 1 (Hwpl), agglutinin-like sequence protein
3 (Als3), and methionine synthase protein 6 (Met6)
has served to develop experimental immunoassays to
detect antibodies that may help to the diagnosis of IC
in patients at risk, even in immunocompromised ones
[27]. In this line, since CAGTA have been related to
a better prognosis of the infection, members of our
group have assayed some epitopes of the antigens
recognized by CAGTA as a complex peptide vac-
cine conjugated to KLH (3P-KLH) for protection in
a murine model of hematogenously disseminated can-
didiasis, with promising results (Diez et al. data not
published). In fact, patients who survived systemic
infections developed strong antibody responses to
certain C. albicans proteins that could help as a prog-
nostic signature for an IC clinical-outcome prediction
model [28-30].

An alternative approach to the management of IC
is the development of prophylactic treatments based
on monoclonal or polyclonal antibodies [31].

Therefore, the aim of this study is to assess the
efficacy of antibodies raised by patients with Invasive
Candidiasis against Candida albicans, with a par-
ticular focus on CAGTA. The investigation involves
recording the effect of these antibodies in vitro on
the metabolic activity and viability of the fungus, as
well as on the structure of its cell wall. This research
is essential for gaining insights into the immune
response to invasive Candidiasis, potentially contrib-
uting to the development of therapeutic strategies or
vaccines.
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Material and Methods
Yeast Strain and Culture Conditions

Candida albicans SC 5314 (Stanford DNA Sequenc-
ing and Technology Center, Stanford, USA) was used
in all experiments. Yeast cells were grown on Sab-
ouraud Dextrose Agar (SDA; Difco, Sparks, MD,
USA) at 37 °C for 48 h. To obtain germ tubes, cells
grown in SDA were inoculated into TC199 medium
(Sigma-Aldrich, St. Louis, MO, USA) and incubated
at 24 °C overnight; blastospores were collected by
centrifugation and inoculated into four volumes of
TC199 medium (Sigma-Aldrich, St. Louis, MO,
USA) preheated at 37 °C. The germ tubes were col-
lected after 4 h of incubation at 37 °C and 120 rpm.
In order to prepare the inoculum for the experi-
ments, yeasts were freshened overnight in SDA
at 37 °C. Then, 2-3 colonies were inoculated into
Sabouraud Dextrose broth (SDB, Difco, Sparks,
MD, USA) and incubated overnight at 24°C and
200 rpm. Yeast cells were collected by centrifugation

at 2500 rpm for 5 min and washed three times with
sterile PBS. The concentration of the inoculum was
adjusted to 10° cell/ml by using a Biirker chamber
(Hirshmann, Germany) [32].

Patients and Sera

Immune sera were obtained from 29 patients with IC
from different clinical units (Hospital Severo Ochoa-
Leganés-Madrid and University Hospital Cruces-
Barakaldo-Bizkaia, Spain) (Table 1). Group I: 15
patients diagnosed with invasive C. albicans infec-
tion. Group II: 14 patients infected with NAC species.

CAGTA titer of sera was assessed by indirect
immunofluorescence as previously described [13],
and based on their antibody titer they were classified
as HIGH-titer sera (1/160-1/5120) or LOW-titer sera
(0-1/80). The sera are included in an anonymized
samples collection (C.0005025) registered by the
Instituto de Salud Carlos III-Spain. This study was
approved by of the Institutional Committee for
Research with Human Beings (CEISH) of the Ethics

Table 1 Characteristics of sera of 29 patients diagnosed with invasive candidiasis caused by different species of Candida

Group I: Candida albicans patients

Group II: non-albicans Candida spp. patients

Unit CAGTA (reverse Unit CAGTA (reverse Clinical isolate
titer)© titer)©
1 Geriatric 5120 16 cu? 2560 C. glabrata
2 Icu?* 2560 17 cu? 320 C. parapsilosis
3 ICU® 1280 18 General surgery 160 C. glabrata
4 ICU* 1280 19 Hematology 160 C. parapsilosis
5 Icu?* 1280 20 Icu? 160 C. parapsilosis
6 Internal medicine 1280 21 Icu? 160 C. parapsilosis
7 REA-ICUY 320 22 Icu? 160 C. parapsilosis
8 Internal medicine 160 23 Internal medicine 160 C. tropicalis
9 Internal medicine 40 24 General surgery 80 C. glabrata
10 REA-ICU® 40 25 cu? 20 C. tropicalis
11 General surgery 20 26 Icu? 10 C. parapsilosis
12 Hematology 20 27 Hematology 0 C. parapsilosis
13 Hematology 10 28 Hematology 0 C. glabrata
14 Hematology 10 29 Hematology 0 C. glabrata and C.
tropicalis

15 Internal medicine 0

2JCU Intensive Care Unit
®REA-ICU Reanimation and Intensive Care Unit

CCAGTA: reverse titer of antibodies against germ tubes of C. albicans assayed by indirect immunofluorescence. Serum dilution equal
or greater than 1/160 was considered positive for IC
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Commission for Research and Teaching (CEID) of
the University of the Basque Country (CEID) with
reference number CEISH/216RM/2013/MOR-
AGUES TOSANTOS.

Serum IgG Fractions and Purification of Antibodies

Immune sera were fractionated to run the differ-
ent assays as described previously [31]. Serum
whole IgG class antibodies (w-IgG) were purified
with Melon™ Gel IgG Spin Purification Kit (Ther-
moFisher Scientific, St. Louis, MO, USA). The
CAGTA enriched fraction of serum IgG (CAGTA-
enr IgG) was obtained after incubating w-IgG with an
equal volume of heat-killed C. albicans blastospores
(10'° cell/ml of PBS) for 2 h at room temperature,
followed by centrifugation at 2500 rpm for 5 min
to remove the blastospores. The anti-blastospore
antibodies (antiBl-IgG) adsorbed onto the surface
of the yeast cells were eluted by gentle shaking in
2.5 M sodium iodide (Sigma-Aldrich, St. Louis, MO,

IMMUNE SERUM

(1

1gG purification (Melon Kit)

w-lgG

TYYT

-+ Adsorption

CAGTA-enr IgG

T

4

N
Pellet \_ )\ ,(
or

Supernatant

(2)
Heat-inactivated SC5314 C. albicans
blastospores

Fig.1 Scheme of the process for obtaining different serum
fractions from patients with invasive candidiasis. Serum w-IgG
from immune serum (1) was purified using the Melon Kkit.
Then, it was incubated with heat-killed C. albicans yeast (2)
to retain the antiBL-IgG (3) that were eluted after being cen-
trifuged. The supernatant containing CAGTAs was termed
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Adsorption on C. albicans
germ tubes

USA) at room temperature for 1 h, and blastospores
were spun down. The eluted antiBI-IgG fraction was
dialyzed MWCO 12,000-14,000 Da; Medicell Inter-
national, London, UK) against PBS and concentrated
with polyethylene glycol 20,000 (Merck, Hohenb-
runn, Germany).

Purified CAGTA (pur-CAGTA) were eluted
from C. albicans germ tubes after being incubated
with an equal volume of CAGTA-enr IgG fraction for
1 h at room temperature with gentle agitation. Puri-
fied CAGTA were eluted, dialyzed and concentrated
following the same protocol described for antiBl-
IgG. The scheme of the serum fractionation process is
depicted in Fig. 1.

The protein concentration of serum IgG frac-
tions was estimated with Pierce™ Coomassie Plus
(Bradford) Assay Kit (ThermoFisher Scientific, St.
Louis, MO, USA) according to the manufacturer’s
instructions.

Z

ion %
Elution %,
Z

<

pur-CAGTA-IgG (6)

T

Elution

AntiBI-IgG (3)
YY

"CAGTA enriched fraction" (CAGTA-enr IgG) (4). The pur-
CAGTA (6) were eluted from the surface of C. albicans germ
tubes that were incubated with the CAGTA-enr fraction (5).
Abbreviations: whole IgG (w-IgG), anti-blastospores antibod-
ies (AntiBL-IgG), CAGTA enriched fraction (CAGTA-enr
IgG), and purified CAGTA (pur-CAGTA)
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Evaluation of Metabolic Activity of Candida
albicans

The effect of the antibodies on C. albicans was evalu-
ated by measuring the cell metabolic activity with the
colorimetric XTT assay.

Candida albicans blastospores grown overnight
in SDB at 30 °C and 120 rpm, were suspended in
fresh medium 10° cell/ml, and distributed in a U-bot-
tom 96-well microplate (Cellstar, Greiner bio-one,
USA), 25 pl per well. Each well was supplemented
with 25 pl of SDB containing the correspondent IgG
fraction to reach different final concentrations (50,
100 or 200 pg/ml). Plates were incubated at 37 °C
for 2.5 h with gentle shaking, and then centrifuged
at 2500 rpm, The supernatant was discarded, and
the metabolic activity of cells was estimated with
the 2.3-bis(2-methoxy-4-nitro-5-sulfophenyl)2H-
tetrazolium-5-carboxanilide-inner salt (XTT; Sigma-
Aldrich, St. Louis, MO, USA), according to the pro-
tocol of Henriques et al. [33]. Briefly, cell pellets
in each well were supplemented with 90 pl of XTT
0.75 mg/ml in PBS and 10 pl of phenazine metha-
sulfate (PMS; Sigma-Aldrich, St. Louis, MO, USA)
0.32 mg/ml in ultrapure water, both sterile filtered
(0.45 pm pore-size filters; Minisart, Sartorius, Spain),
and they were incubated at 37 °C for 2 h. Then, each
well content was homogenized and the absorbance at
492 nm (Abs 49, ,,) Was registered using a spectro-
photometer (Microplate Autoreader EIx808, Bio-Tek
Instruments). Two different controls were included
in every experiment, one without antibodies, and a
second one with an equivalent concentration of an
irrelevant non-specific human IgG (irr-IgG; Sigma-
Aldrich, St. Louis, MO, USA).

Evaluation of Cell Viability

After being exposed to different IgG fractions, C.
albicans cell viability was estimated by inoculating
aliquots of duplicate wells on SDA plates, and count-
ing colony forming units (CFU) grown at 37 °C for
48 h.

Alternatively, viability was assessed by staining
with fluorochromes as described by Bowman et al.
[34]. 5, (6)carboxyfluorescein Diacetate (CFDA;
Molecular Probes, Eugene, OR, USA) dyes live cells
while bis(1,3dibutylbarbituric acid) trimethine oxonol

(DiBAC; Molecular Probes, Eugene, OR, USA) dyes
death cells.

Briefly, Candida albicans blastospores grown
overnight in SDB at 30 °C and 120 rpm, were sus-
pended in fresh medium 10° cell/ml, and distributed
in a U-bottom 96-well microplate (Cellstar, Greiner
bio-one, USA), 25 pul per well. Each well was supple-
mented with 25 pl of PBS containing pur-CAGTA to
reach the final concentrations of 20 pg/ml. Then the
cells were incubated for 2.5 h at 37 °C with gentle
shaking. Then, the cells were centrifuged at 2500 rpm
for 15 min and the pellet was split in parallel in 100 pl
of CFDA and DiBAC solutions.

CFDA 50 pg/ml was prepared in MOPS 3 (0.1 M
MOPS-50 mM citric acid at pH 3.0) from a stock
solution of CFDA 5 mg/ml in dimethyl sulfoxide.
Cells were incubated with the dye in the dark at
37 °C for 45 min with gentle shaking and then stored
on ice until analysis. DiBAC 2 pg/ml in MOPS 7
(0.1 M MOPS at pH 7.0) was prepared from a 1 mg/
ml stock solution in ethanol, and cells were stained at
room temperature for 1 h in the dark, washed twice
with MOPS 7 and stored on ice until analysis. Paral-
lel phase-contrast and fluorescent images of the same
field were taken using AZ100 Multizoom microscope
(Nikon, Japan) and analyzed through Image Fiji soft-
ware (Version 2.0, USA).

Estimation of Growth and Cell Morphology by
Optical Microscopy

Cell growth and morphology of C. albicans treated
with CAGTA-enr IgG 6.25-200 pg/ml for 2.5 h
at 37 °C were assessed by optical microscopy.
Growth conditions of planktonic cells were the same
as indicated for XTT and CFU assays. Two controls
were run in every experiment, one without antibod-
ies, and a second one with an equivalent concentra-
tion of a human irr-IgG. Images were obtained with
an inverted microscope Olympus Fluoview FV500
(Olympus, Japan) and analyzed through Image Fiji
software (Version 2.0, USA).

Electron Microscopy
Candida albicans blastospores grown overnight in
SDB at 30 °C and 120 rpm, were suspended in fresh

medium 10° cell/ml, and 50 pl per well were dis-
tributed in a U-bottom 24-well microplate (Iwaki®,
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Cell Biology, USA), previously filled with a nitro-
cellulose membrane (pore size 0,2 um, Protran®,
GE Healthcare, UK), fitting the well surface. Then,
each well was supplemented with 50 pl of SDB
containing pur-CAGTA fraction to reach the final
concentrations of 20 pg/ml. Cells were grown for
2.5 h at 37 °C. Negative controls were run with-
out CAGTA. Then, cells were gently washed by
aspiration in Sorenson’s buffer [0.133 M Na,HPO,,
0.133 M KH,PO, (4:1, v/v), pH 7.2], treated with
fixing solution (2% glutaraldehyde in Sorenson’s
buffer) at room temperature for 1 h, and washed
three times with 6% sucrose in Sorenson’s buffer.
Cells were dehydrated using graded ethanol solu-
tions (50%, 70% and 100%) for 5 min each. Then
membranes were washed twice for 5 min each with
5 ml hexamethyldisilazane (Electron Microscopy
Sciences, Hatfield, PA, USA), that was removed by
vacuum filtration. Membranes were left to dry in
the air and processed for electron microscopy at the
Service of Analytic and High Resolution Micros-
copy in Biomedicine (SGlker, University of the
Basque Country UPV/EHU). Images were assem-
bled through Image Fiji Software (Version 2.0,
USA).

Statistical Analysis

All assays were performed in duplicate and
repeated three times. Statistical analysis was per-
formed using GraphPad Prism Software (Ver-
sion 6.00, Boston, Massachusetts, USA) for Win-
dows. Significant differences were assesed using
Kruskal-Wallis test. P values <0.05 were consid-
ered statistically significant.

Results

Effect of Serum IgG Fractions from Patients with
Invasive Candidiasis on Candida albicans Metabolic
Activity and Viability

Whole-IgG (w-IgG) from patients infected with C.
albicans (group I) reduced the metabolic activity of
C. albicans blastospores, as evaluated by the XTT
assay, and the effect was concentration dependent; of
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note, the required amount of w-IgG that significantly
reduced C. albicans metabolic activity was>50 pg/
ml for immunoglobulins isolated from patients with
high CAGTA titers (1/160-1/5120), whereas it was
200 pg/ml for low CAGTA titers (< 1/160) patients
(Fig. 2a). Although the irrelevant commercial 1gG
(irr-IgG) showed a trend in reducing C. albicans met-
abolic activity compared to the control group, differ-
ences were not statistically significant.

The separate assay with CAGTA-enriched
(CAGTA-enr IgG) and anti-blastospores IgG (antiBI-
IgG) fractions revealed that the latter, up to 200 pg/
ml, did not reduce the metabolic activity of C. albi-
cans, relying the registered w-IgG inhibitory activity
on the CAGTA-enr IgG fraction (Fig. 2b).

In addition, we also studied the effect of CAGTA-
enr IgG fraction of sera from patients infected with
non-albicans Candida spp. (NAC; group II). Can-
dida parapsilosis, C. glabrata or C. tropicalis caused
infections in 14 patients whose serum CAGTA titers
were < 1/320, except 1/2560 for one of the patients
infected with C. glabrata (Table 1). As shown in
Fig. 2¢c, the CAGTA-enr IgG fraction of NAC patients
reduced C. albicans metabolic activity to a diverse
extent, but their mean values were concentration
dependent and resembled those of low-titer CAGTA
patients infected with C. albicans (Fig. 2b).

CAGTA-enr IgG treatment of patients showing
the highest effect on metabolic activity of C. albi-
cans blastospores resulted in a significant reduction
of CFU counts compared to untreated and irr-IgG
treated control cells (Fig. 2d).

Effect of Serum IgG Fractions from Patients with
Invasive Candidiasis on Candida albicans Growth,
Morphology and Viability

The optical microscopy images of C. albicans plank-
tonic cells incubated with increasing concentrations
of CAGTA-enr IgG fractions corroborated the above-
mentioned findings (Fig. 3). While irr-IgG slightly
reduced the growth of Candida, CAGTA-enr IgG
reduced the visible yeast growth in a concentration
dependent manner, though at the highest concentra-
tions, we still could see some short and narrow germ
tubes together with cell debris (Fig. 3).

Consistent with optical microscopy findings, elec-
tron microscope images of pur-CAGTA IgG 20 pg/
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® C. parapsilosis
W C. glabrata
AC. tropicalis
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Control 50 100 200 50 100 200
CAGTA-enr IgG
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Irr-lgG

Fig. 2 Metabolic activity and viability of planktonic cells of
C. albicans SC5314 after being exposed to different human
serum IgG fractions for 2.5 h in SDB at 37 °C. Control cul-
tures were run without antibodies or with an Irr-IgG. Meta-
bolic activity was estimated with XTT colorimetric assay (a,
b and c), and viability was referred to as CFU/ml (d). Bars

ml-treated C. albicans from patient #1—in group I
(CAGTA titer 1/2560) revealed hyphae with altered
morphology and surface fissures and protrusions
(Fig. 4f, h, j), and surrounded by an altered matrix.
On the contrary, the surface of untreated control yeast
(Fig. 4a, c) and hyphae (Fig. 4e, g, 1) as well as that
of pur-CAGTA treated blastospores (Fig. 4: b and d)

Irr-IgG

CAGTA-enr IgG

Fig. 3 Phase contrast microscopy of C. albicans SC 5314
grown at 37 °C for 2.5 h in SBD supplemented with different
concentrations of an Irr-IgG or CAGTA-enr IgG. CTRL were

@ C. glabrata/C. tropicalis

6.25 pug/ml

CFU/ml

Metabolic Activity (%)

b CAGTA-enr IgG and antiBl-IgG vs. C. albicans
100
50
0
Control 50 100 200 50 100 200 S50 100 200 50 100 200
Irr-IgG Low Titer IgG High Titer IgG antiBl-lgG
19G [pg/mi]
d CAGTA-enr IgG
1.5x108
*
1x108 * VC. albicans
* @ C.parapsilosis
# C. glabrata/C. tropicalis

100
CAGTA-enr IgG

Control

IrrlgG
19G [ug/ml]

represent mean value+SD from three independent experi-
ments. *Statistical significance was established with refer-
ence to control cells using the Kruskal-Wallis test (p <0.05).
Abbreviations: whole IgG (w-IgG), CAGTA enriched fraction
(CAGTA-enr IgG), anti-blastospores antibodies (AntiBL-1gG),
irrelevant IgG (Irr-IgG) and NAC (non-albicans Candida spp).

appeared regular and smooth. In addition, fluorescent
DiBAC and CFDA staining of pur-CAGTA 20 pg/
ml —treated C. albicans cells of the same patient
#1, revealed a fungicidal effect for these antibodies
(Fig. 5).

50 pug/ml 100 pg/ml 200 pg/ml

~

incubated without antibodies. Bar: 20 pm. Abbreviations:
CAGTA enriched fraction (CAGTA-enr 1gG), irrelevant IgG
(Irr-IgG) and control cells (CTRL)

@ Springer



16 Page 8 of 13

Mycopathologia (2024) 189:16

Fig.4 SEM images

of C. albicans SC5314
blastospores (BL) and
mycelia (M) grown at 37 °C
for 2.5 h in SDB with pur-
CAGTA 20 pg/ml (b, d, £,
h, j) or without antibodies
(a, c, e, g, i). Magnifica-
tion: X 20,000 (a, b, e, f)
and x 50,000 (c, d, g—j) for
details. Arrows highlight
surface protuberances.
Abbreviations: blastospore
(BL) and mycelia (M), puri-
fied CAGTA (pur-CAGTA)
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CFDA

Live cells

Heat-killed cells

Fig. 5 Photomicrographs of C. albicans SC5314 grown at
37 °C for 2.5 h in SBD with pur-CAGTA 20 pg/ml and then
stained with the fluorescent dyes CFDA and DiBAC. Stain-
ing control consisted of cells grown in SBD without antibod-

Discussion

Invasive Candidiasis (IC) is a fungal infection caused
by yeasts of the genus Candida, among which Can-
dida albicans is the most frequently isolated. The
opportunistic pathogen C. albicans has the ability to
cause invasive infections, primarily attributed to its
capacity to grow as hyphae. Various virulence fac-
tors associated with the cell wall are known to engage
with host epithelial cells, initiating and fostering an
immune response. Therefore, an effective anti-Can-
dida response necessitates the collaboration of vari-
ous mechanisms within the immune system, includ-
ing the production of specific antibodies [21, 25, 26].

In addition to that, the development of the indi-
rect immunofluorescence technique that detect
CAGTA, conducted in our laboratory, has facilitated
not only the diagnosis of IC in patients at risk, since it
differentiates colonization from invasion [12, 13], but
also, is reflects the importance of those antibodies in
a better prognosis for patients with IC admitted at the
ICU [20].

Therefore, in order to elucidate the importance
of those antibodies, the present study was designed
to investigate the antifungal activity of CAGTA
against C. albicans.

Whole I[gG  antibodies from immune serum
of patients infected with C. albicans reduced the

DIiBAC

Control
Untreated cells

Cells treated with
pur-CAGTA
(20pg/mL)

ies live and heat-killed. Paired images depict epifluorescent (on
the left) and phase contrast microscopy (on the right) of the
same field. Bar: 20 pm. Abbreviations: purified CAGTA (pur-
CAGTA)

metabolic activity and viability of Candida plank-
tonic cells in vitro. These effects on the metabolic
activity and/or viability of C. albicans have already
been reported for antibodies developed in differ-
ent animal models of invasive candidiasis, such as
chickens [35], rabbits [31, 36], and Balb/C mice [37].
Furthermore, the monoclonal antibody C7 (mAb C7)
derived from Balb/C mice immunized with C. albi-
cans, exerted metabolic inhibition and fungicidal
effect on this yeast [38] and, more recently, mAb
Ca37 also inhibited the growth of C. albicans in vitro
[39].

Interestingly, in human serum, the antiBI-
IgG serum fraction showed slight effect on C. albi-
cans planktonic cells and therefore, the CAGTA-enr
fraction appeared as the main responsible for the
observed inhibitory effect. Concomitantly, the micros-
copy images illustrated that CAGTA-enr IgG reduced
the growth and filamentation of C. albicans yeast
cells in a concentration dependent manner. Similarly,
Uppuluri et al. demonstrated that anti-Als3 antibodies
have the potential to disrupt various properties of C.
albicans like adherence, filamentation, and biofilm
formation [40]. Moreover, an Als3-specific monoclo-
nal antibody (3D9.3) was observed to significantly
decrease the adhesion of C. albicans germ tubes to
human epithelial and vascular endothelial cells [41].
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Electron microscopy images of C. albicans germ
tubes exposed to CAGTA-enr human IgG revealed an
altered cell wall surface with protrusions, whereas the
blastospores retained their original smooth surface,
and this effect on cell wall structure was consistent
with that reported for this same serum fraction in an
experimental model of disseminated candidiasis in
rabbits [31]. Other authors have reported that C. albi-
cans exposed to a peptide from chilli pepper seeds
caused severe alterations in bud formation, the cell
wall and the cytoplasmic membrane of the yeast [42]
and the antifungal ceragenins CSA-131 induced Can-
dida auris cells to buckle in upon themselves, some
of them appearing as merged [43]. Changes in cell
wall structure are relevant for viability since they
may disturb the traffic of nutrients and the osmotic
stability of fungi; in this line, the mAb C7 affected
the surface of C. albicans blastospores and altered the
iron uptake pathway [38, 44]. In the present work we
verified that the CAGTA-enr IgG serum fraction of
IC patients reduced the metabolic activity of C. albi-
cans and induced cell wall modifications, and puri-
fied CAGTA eventually killed cells, as evidenced by
DiBAC staining.

With reference to the antifungal effect of sera from
patients infected by NAC species, on average they
reduced the metabolic activity or viability of C. albi-
cans cells to a lesser extent, comparable to that pro-
duced by serum from C. albicans-infected patients
who presented a low CAGTA titer. The fact that sera
from patients with NAC infections may have CAGTA
titers, and thus exert some activity against C. albi-
cans, could be explained by cross-reactivity, a phe-
nomenon previously described by other authors [13,
27, 39, 45, 46]. In this line, sera from patients infected
with C. parapsilosis, C. tropicalis, C. glabrata or
C. dubliniensis reacted with a recombinant amino
terminal section of hyphal wall protein (HwplN), a
well-characterized cell surface protein expressed only
in C. albicans hyphae [13, 47]. Similarly, sera from
patients infected with C. tropicalis, C. parapsilosis,
C. glabrata or C. guilliermondii also reacted with a
recombinant C. albicans enolase-1 (Enol) [46, 48].
Enol is currently considered a moonlighting protein,
a glycolysis and gluconeogenesis enzyme that can be
secreted to the cell wall of Candida spp.[49] and is
well known for promoting a strong humoral immune
response in patients with invasive candidiasis [50].
Antibodies reacting with methionine synthase protein

@ Springer

6 (Met6), an essential protein for methionine bio-
synthesis located in the outer layers of C. albicans
germ tubes cell wall [51] were also found in patients
infected not only by C. albicans but by NAC spe-
cies as well [27, 52]. Interestingly, antibodies react-
ing with Hwpl and Met6, both proteins targets of
CAGTA, resulted good biomarkers of IC in immuno-
compromised patients, either alone or in combination
with beta-D-glucan detection results [27].

Another point to consider with reference to inva-
sive candidiasis is the development of vaccines, and
immunization trials in animal models have been con-
ducted with encouraging success rates using various
C. albicans components such as heat shock protein 90
(Hsp90) [53], Hwpl-N, Enol[54] and Met6 among
others [55, 56]. Some of these proteins react with
CAGTAs, and the identification of new targets would
provide us with new candidates as possible immuno-
genic protective agents against invasive candidiasis.
Currently, our research group is searching for addi-
tional antigens recognized by CAGTA (data not pub-
lished). So far, only the NDV-3A vaccine (NovaDigm
Therapeutics, Inc.) based on Als3p (agglutinin-like
sequence protein) is available, and is in phase 3 clini-
cal trial; however, given that this vaccine is intended
only for protection against Recurrent Vulvovaginal
Candidiasis, the discovery of a vaccine for Invasive
Candidiasis remains elusive and requires further
investigation.

In conclusion, based on the proposed objective,
our study demonstrated that IgG serum fraction from
patients with C. albicans IC reduces the growth and
metabolic activity of planktonic C. albicans cells
in vitro; in addition, purified CAGTAs modify the
surface of hyphal cell walls and, eventually, lead to
cell death. Moreover, patients infected with non-albi-
cans Candida species also produce antibodies that
can cross-react with C. albicans, and reduce its meta-
bolic activity and viability, although with lower inten-
sity. The findings suggest that CAGTAs and related
antibodies could be valuable as diagnostic and prog-
nostic markers for invasive candidiasis, and their tar-
get antigens may have potential in the development of
immunization protocols against Candida infections.
Additional investigation is required to validate these
discoveries, delve into their clinical implications, and
assess the antibodies’ capacity to effectively combat
the infection.
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