
Article Not peer-reviewed version

Vaginal Clinical Isolates of Candida

albicans Differentially Modulate

Complosome Activation in Vaginal

Epithelial Cells

Samyr Kenno * , Natalia Pedretti , Luca Spaggiari , Andrea Ardizzoni , Manola Comar , Wilfried Posch ,

Robert Terence Wheeler , Samuele Peppoloni , Eva Pericolini

Posted Date: 13 June 2025

doi: 10.20944/preprints202506.0891.v1

Keywords: complement; complosome; vulvovaginal candidiasis; Candida albicans; vaginal epithelial cells

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/2059725
https://sciprofiles.com/profile/3757230
https://sciprofiles.com/profile/2929895
https://sciprofiles.com/profile/3062979
https://sciprofiles.com/profile/774618
https://sciprofiles.com/profile/744027
https://sciprofiles.com/profile/557920
https://sciprofiles.com/profile/3454884
https://sciprofiles.com/profile/1155026


 

 

Article 

Vaginal Clinical Isolates of Candida albicans 

Differentially Modulate Complosome Activation in 

Vaginal Epithelial Cells 

Samyr Kenno 1*, Natalia Pedretti 2, Luca Spaggiari 3, Andrea Ardizzoni 1, Manola Comar 2, 

Wilfried Posch 4, Robert T. Wheeler 5,6, Samuele Peppoloni 1 and Eva Pericolini 1 

1 Department of Surgical, Medical, Dental and Morphological Sciences with Interest in Transplant, 

Oncological and Regenerative Medicine, University of Modena and Reggio Emilia, Modena, Italy  

2 Department of Clinical, Medical, Surgical and Health Sciences, University of Trieste, Trieste, Italy  

3 Clinical and Experimental Medicine PhD Program, University of Modena and Reggio Emilia, Modena, Italy  

4 Institute of Hygiene and Medical Microbiology, Medizinische Universität Innsbruck, Innsbruck, Austria  

5 Department of Molecular and Biomedical Sciences, University of Maine, Orono, Maine, U.S.A.  

6 Graduate School of Biomedical Sciences and Engineering, University of Maine, Orono, Maine, U.S.A. 

* Correspondence: samyr.kenno@unimore.it 

Abstract: In this in vitro study, we compared two clinical vaginal strains of C. albicans, a Colonizing 

strain from a healthy woman and a strain from a VVC patient, for their ability to activate the 

complosome and release anaphylatoxins in vaginal epithelial cells (VECs). The complosome controls 

different activities in innate immune cells and epithelial cells; however, its role in the response of 

VECs to Candida remains untested. Our results show that: i) both strains triggered cleavage of C3 into 

C3a and C3b within VECs, while infection with the Colonizing strain led to greater release of the 

anaphylatoxin C3a; ii) infection with the VVC isolate led to a strong reduction of both C5 and C5a in 

VECs, while no increase in C5a release was observed after infection with either strain; iii) Cathepsin-

family gene expression and Cathepsin D activity were reduced in VECs infected with the VVC strain, 

but not in those infected with the Colonizing strain; iv) infection with the Colonizing strain induced 

a significant increase in intracellular C5aR1 while intracellular C3aR levels remained unchanged. 

Collectively, our data suggests the propensity of VVC strain to inactivate the C5/C5aR1 axis and to 

reduce the C3/C3aR axis, dampening the activity of the complosome in VECs. These effects exerted 

by the VVC strain suggest a novel strategy of immune evasion by C. albicans and may open new 

perspectives to find new therapeutic targets against vaginal fungal infections. 

Keywords: complement; complosome; vulvovaginal candidiasis; Candida albicans; vaginal epithelial 

cells 

 

1. Introduction 

Vulvovaginal candidiasis (VVC) is an infection that affects approximately 75% of women 

worldwide, with no specific predisposing factors. Under certain specific circumstances, around 5-8% 

of women with VVC may experience recurrent forms (RVVC), consisting in 3-5 episodes of VVC per 

year [1]. C albicans is part of the human microbiota, and it normally dwells in the oral, gastrointestinal 

and genital tract [2]. VVC is predominantly caused by C. albicans, which plays a primary role in the 

development of the disease. However, non-albicans Candida species, such as C. parapsilosis, C. glabrata, 

C. tropicalis and C. krusei also trigger the disease [3]. Symptoms associated with VVC include vulvar 

itching, swelling, or redness, but they may progress to vulvar edema, fissures, excoriations, or thick, 

lumpy discharge. Symptoms cause stress and discomfort in affected women, influencing both their 

personal relationships and work life [4].  
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A different immune response occurs in symptomatic patients with VVC compared to 

asymptomatic women, namely an increased neutrophilic infiltration with more fungal hyphae 

detectable in the vaginal swabs and with an increased exposure of β-glucan on such hyphal fragments 

[5]. This suggests that the immune response may polarize differently when the vaginal epithelium is 

in contact with pathogenic VVC-associated C. albicans strains versus Colonizing C. albicans strains [6]. 

By using an in vitro model including a monolayer of VECs, routinely used to mimic vaginal mucosa 

[6], our studies revealed a stronger tendency to induce fungal shedding and epithelial cell exfoliation 

in VVC-associated C. albicans strains compared to Colonizing C. albicans strains. Interestingly, our 

data also suggested that a selected Colonizing C. albicans strain (Ca 14314) differentially activates 

integrins, ferroptosis and type I interferon pathways in comparison with the VVC C. albicans strain 

(Ca 01887) [6]. However, the major mechanisms behind the differential responses in VECs induced 

by VVC-associated or Colonizing strains remain elusive.  

The complement system is known to mediate immune responses to disseminated candidiasis, 

but its role in VVC onset has not been explored in depth. It has been recently demonstrated that 

following the estrogen-induced overexpression of the fungal cell surface protein Gpd2, the 

complement regulatory protein Factor H accumulates on the surface of fungal cells [7]. These results 

are in line with work showing that C. albicans can inhibit the complement system and its downstream 

effector functions by exposing FH-binding molecules (such as the moonlighting protein Hgt1), or by 

releasing Pra1 [8–12].  

The complement system is a complex network of more than 30 proteins that can induce the 

killing of microorganisms by the formation of the terminal complement complex [11]. Activation of 

the complement system occurs via three main pathways: classical, lectin, and alternative [13–15]. 

These three pathways have a common purpose, which is the induction of C3 and C5 cleavage into 

the powerful anaphylatoxins C3a and C5a [16,17]. This cleavage is believed to take place largely in 

the extracellular space and the generated anaphylatoxins play pivotal roles in activating 

inflammation and acute immune response. Moreover, complement activation leads to the induction 

of the opsonin C3b and downstream products (C5b, C6 and C9). The latter form the membrane attack 

complex (MAC), that ultimately leads to microbial lysis [17,18]. Since the fungal cells are protected 

from the lysis by MAC thanks to the composition of their cell wall, C5, C3a and C3b become the main 

complement effectors in the context of antifungal defenses. The idea that these complement 

components play a pivotal role in antifungal defenses is strengthened by the increased susceptibility 

to systemic fungal infections in C3- and C5-deficient mice [19]. In addition, it has been demonstrated 

that during systemic candidiasis an efficient antifungal response is provided by C5a through the 

engagement of C5aR1 receptors [19].  

Complement proteins are mainly produced in the liver, but they can also be secreted by 

circulating monocytes, macrophages, and neutrophils, as well as in tissues by endothelial cells, 

airway epithelial cells and fibroblasts [20–23], although in lesser amounts compared to hepatic 

production [14]. Recent work has highlighted the role of intracellular activation of the complement 

components C3 and C5 in the “complosome” [20,21,24]. The complosome has been shown to regulate 

cellular activities such as mitochondrial activity, glycolysis, and oxidative phosphorylation, which 

orchestrate and support cellular vitality [20]. Dectin-1, a CARD9-coupled C-type lectin receptor that 

recognizes C. albicans, has been demonstrated to trigger intrinsic C5a production in macrophages and 

to synergize with this complement component in mediating fungal killing [25]. In addition, the 

activation of intracellular C3aR and C5aR1 (located on mitochondria) by C3a and C5a complement 

fragments has been demonstrated to increase the levels of reactive oxygen species (ROS), thus leading 

to the activation of Nlrp3 inflammasome [26]. The C5a/C5aR1 axis can also modulate the immune 

response, promoting a more pronunced pro-inflammatory tendency in cells such as macrophages 

and making these cells active against pathogens [19,27,28].  

In contrast to the established role of complement in systemic antifungal responses, the interplay 

between complement and fungi at mucosal surfaces is not completely understood. However, it has 

been shown that lung epithelial cell-derived C3 provides protection from lung injury during bacteria 
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pneumoniae [29]. In this context, we analyzed the ability of C. albicans to activate complosome in 

vaginal epithelial cells (VECs), and to respond differentially to an infection with either a VVC or a 

Colonizing C. albicans strain. Here, we demonstrate that complosome activation, anaphylotoxin 

production and the presence of anaphylotoxin receptors occur in VECs, in the context of an in vitro 

vulvo-vaginitis model. Overall, these events suggest that C. albicans is responsible for complement 

activation, for C3a and C3b extracellular secretion, and for cell-associated C5a production by vaginal 

epithelium. Our data suggest that, following their activation, such complement components may 

directly activate epithelial cells through the anaphylotoxin receptors C3aR and C5aR1. 

2. Materials and Methods 

2.1. Fungal Strains and Cell Culture Conditions 

The Colonizing strain of C. albicans (Ca 14314) and the VVC-associated strain of C. albicans (Ca 

01887), referred throught the manuscript as Colonizing and VVC strain respectively, were isolated 

from vaginal swabs of a healthy colonized woman and a symptomatic VVC woman, as previously 

described [5]. These strains are already part of our C. albicans strain library. The isolated strains were 

kept in frozen stocks at –80 °C and every month were defrosted and maintained by a weekly passage 

onto Sabouraud Dextrose Agar (SDA) plates (Oxoid, Milan, Italy). Before each experiment, 

Colonizing and VVC strains were inoculated in Yeast Extract (1%)-Peptone (2%)-Dextrose 2% (YPD) 

broth (Condalab, Madrid, Spain) and incubated overnight at 37°C under agitation.  

2.2. Vaginal Epithelial Cells (VEC) 

The human A-431 cell line, from vaginal epithelial squamous cell carcinoma (ATCC CLR-

1555™), was selected because it is routinely used to represent the vaginal epithelium [30]. The A-431 

vaginal epithelial cells (VEC) were mantained in Dulbecco’s Modified Eagle’s Medium (DMEM) (Sial, 

Rome, Italy), supplemented with 10% of heat-inactivated fetal bovine serum (iFBS) (Capricorn 

Scientific, Ebsdorfergrund, Germany), Gentamicin (50 mg/mL) (Bio Whittaker, Verviers, Belgium), 

Streptamycin (2 mg/mL) (Sial), and L-glutamine (2 mM) (EuroClone, Milan, Italy). Before the 

experiments, the cells were seeded in a 24-well plate (Corning, Glendale, AZ, USA) (5x105 

cells/well/mL) in DMEM plus 10% iFBS then incubated for 24 hr at 37 °C, with 5% CO2 to promote 

the monolayer generation.  

2.3. Antibodies 

The monoclonal antibodies mouse anti-human complement component-5 (C5) (clone 10B6), 

mouse anti-human C5a/C5a des-arg (clone 2042) and the mouse anti-human C3b/iC3b/C3d (clone 

1H8) were kindly provided by Hycult Biotech (Uden, Netherlands). The polyclonal antibody, goat 

anti-human complement component-3 (C3) was purchased from BioRad (Hercules, CA, USA). The 

monoclonal anti-human C3a/C3a des/arg antibody (clone K13/16) was obtained from MilliporeSigma 

(Merck KGaA, Darmstadt, Germany). The antibodies anti-C5 and anti-C3 were labelled using a FITC-

Conjugation Kit (Abcam, Cambridge, UK). The antibodies anti-C5a/C5a des-arg, anti-C3b/iC3b/C3d 

and anti-C3a/C3a des/arg were labelled by an APC-Conjugation Kit (Abcam). The anti-C5aR1 

antibody was purchased from Biolegend (San Diego, CA, USA). The anti-C3aR antibody was 

obtained from Miltenyi Biotech (Bergisch Gladbach, Germany).  

2.4. Flow Cytometry Analysis 

Flow cytometry analysis was performed to analyze the expression of the proteins C3, C5, C5a, 

C3a, C3b and the receptors C5aR1 and C3aR within VECs. The target proteins were detected in 

different flow cytometry panels. The VECs (5x105 cells/well/mL) were incubated in DMEM + 10% 

iFBS with Colonizing and VVC strains (MOI 1:10) for 4 hr at 37 °C, with 5% CO2. The cells were then 

washed with PBS to remove unbound C. albicans, harvested and centrifuged to remove the residual 

fungi in the culture. Next, the cells were incubated with the Fixable Viability Dye eFluor 780 (1:6000) 
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(Invitrogen, Waltham, MA, USA) and fixed by Fixation Buffer (Biolegend) for 20 min in the dark at 

Room Temperature (RT). Subsequently, the cells were permeabilized with True-Phos Perm Wash 

(Biolegend) for 20 min at RT, then incubated, for each flow cytometry measurement, in Perm Wash 

buffer including anti-human C5 (1:250), anti-human C5a/C5a des-arg (1:250), anti-human C3 (1:250), 

anti-human C3a/C3a des/arg (1:250), anti-human C3b/iC3b/C3d (1:250), anti-human C5aR1 (1:100) 

and anti-human C3aR (1:100) for additional 20 min at RT in the dark. The cells were then washed and 

resuspended in PBS and recorded by FACSsymphony A1 (Becton Dickinson, Franklin Lakes, NJ, 

USA). In order to exclude the presence of C5aR1 and C3aR on the cell membrane, in selected 

experiments, the above-described staining procedures were performed without a permeabilization 

step. The data analysis was carried out by means of FlowJo software (Becton Dickinson); in each 

measurement, 8000 events corresponding to single and living cells were included in the analysis. Due 

to the non-specific binding observed in intracellular staining using isotype controls, we alternated 

FMO (Fluorescence Minus One) controls or isotype antibody controls to identify the correct gating 

strategy for the detection of true positive populations. With this approach, we minimized artifacts 

and ensured an accurate identification of positively labelled cells. 

2.5. ELISA Test for the Detection of C3a and C5a Detection in the Supernatant 

The C3a and C5a levels were measured in cell culture supernatants from VECs stimulated with 

either Colonizing or VVC strain, as well as those from unstimulated cells. Supernatants were 

collected after 24 hr and centrifuged to remove all cells and cell debris. For detection of C3a and C5a, 

the BD OptEIA Human C3a ELISA Kit and BD OptEIA Human C5a ELISA kit were employed, 

respectively (BD Biosciences, Franklin Lakes, NJ, USA), in accordance with the Manufacturer’s 

instructions and published elsewhere [31].  

2.6. RNA Seqencing and Analysis 

The RNA-seq analysis was performed as described by Sala et al [6] and using the already-

published datasets. Briefly, VEC monolayers were infected with either Colonizing or VVC strain 

(MOI 1:1), as described above. Cell pellets were sent for RNA preparation and NGS analysis using 

Illumina paired-end sequencing at Eurofins (Eurofins, LLC) [32–38]. Gene expression data and 

sequence data are accessible at the NCBI Gene Expression Omnibus under accession number 

GSE207081. DEseq2 comparison of VECs infected with Ca 14314 versus with Ca 01887 was used to 

determine differential expression of cathepsin-family genes. 

2.7. Cathepsin D Activity Analysis 

Cathepsin D activity within VECs, infected with the Colonizing or VVC strains, was evaluated 

by the Cathepsin D Activity Assay Kit (Fluorometric) (Abcam), following the Manufacture’s 

instructions. Briefly, VECs (5x105 cells/well/mL) were incubated with Colonizing or VVC strain in a 

ratio of 1:10 (VECs: C. albicans) for 4 hr or 24 hr at 37 °C, with 5% CO2 in DMEM + 10% iFBS. After 

incubation, the cells were harvested and washed with PBS, to remove C. albicans. Next, the cells were 

lysed by lysis buffer, and the lysates were incubated for 2 hr at 37 °C in the dark with a reaction buffer 

containing Cathepsin D substrate. The fluorescence emission, corresponding to the Cathepsin D 

activity, was recorded by means of a microplate reader (Thermo Fisher Scientific, Fluoroskan FL) 

using Ex/Em 328/460 nm filter. The data were analyzed by SkanIt software 5.0 (Thermo Fisher 

Scientific) and espressed as a percentage (%) of activity, as compared to uninfected VECs.  

2.8. Statistical Analysis 

Statistical analyses were carried out using GraphPad Prism 10 software (GraphPad, Boston, MA, 

USA). The Shapiro-Wilk test was used to analyze data distribution within each experimental group. 

Differences between experimental groups were analyzed by One-way ANOVA test followed by the 

uncorrected Fisher’s LSD multiple comparison’s test or by Kruskal Wallis test followed by the 
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uncorrected Dunn’s multiple comparison’s test. Cathepsin D activity was analyzed by paired 

Student’s t-test. Significance throughout the figures is indicated as follows: ns: not significant; 

significant increment: * p ≤ 0.05; ** p < 0.01; *** p <0.001, **** p <0.0001; significant reduction: # p ≤ 

0.05; ### p < 0.001; #### p < 0.0001. 

3. Results 

A monolayer of VECs was incubated with cell culture medium, or with Colonizing or VVC C. 

albicans strains for 4 hr at 37 °C with 5% CO2. Analysis of the complosome was performed by flow 

cytometry. The gating strategy was set to analyze only VECs, removing interference from C. albicans 

and considering only living single cells (Fig. S1).  

First, we analyzed the presence of C3 and its cleavage fractions C3a and C3b within VECs. Our 

results show that appoximately half of the VECs analyzed were positive for C3 (49,8%) with a non-

significant increase after infection with either Colonizing (63,2%) or VVC (63,8%) strains (Fig. 1a). The 

C3a-positive VEC cell fraction was low in uninfected cells (5,4%), and this fraction significantly 

increased after infection with both Colonizing (21,7%) and VVC (27,7%) strains. Interestingly, no 

differences in the fraction of C3a positive infected cells was observed relative to the strain used for 

the infection (Fig. 1b). Similarly, the fraction of C3b-positive VECs was low in uninfected cells (8,5%) 

and significantly increased after infection with both the Colonizing (29,9%) and VVC (20,3%) strain. 

However, a significantly lower fraction of C3b-positive VECs was detected in VECs infected with the 

VVC strain as compared to those infected with the Colonizing strain (Fig. 1c). 

 

Figure 1. C3, C3a and C3b analysis. A monolayer of VECs was infected or not (Mock) with the Colonizing strain 

(Col) or the VVC strain (VVC) for 4 hr. After incubation, levels of C3 (a), C3a (b) and C3b (c) within VECs were 

evaluated by cytofluorimetric analysis. Data in the graphs show the mean ± SEM of C3, C3a and C3b positive 

cells (cell counts from 8000 live cells) obtained from 4 differents experiments. * p ≤ 0.05; # p ≤ 0.05; ** p < 0.01; *** 

p < 0.001. 

Next, we measured C5 and C5a within VECs. Here, approximately half of the VEC analyzed 

were positive for C5 (54%), and this level was maintained upon infection with the Colonizing strain 

(47,6%). However, the amount of C5-positive VECs was significantly reduced upon infection with 

the VVC strain (17,9%), as compared to uninfected or Colonizing strain-infected VECs (Fig. 2a). In 

parallel, a significantly lower number of C5a-positive VECs were observed upon infection with the 

VVC strain, as compared to infection with the Colonizing strain (Fig. 2b). 
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Figure 2. C5 and C5a analysis. A monolayer of VECs was infected or not (Mock) with the Colonizing strain (Col) 

or the VVC strain (VVC) for 4 hr. After incubation, the levels of C5 (a) and C5a (b) within VECs were evaluated 

by cytofluorimetric analysis. Data in the graphs show the mean ± SEM of C5 and C5a positive cells (cell counts 

from 8000 live cells) obtained from 3 differents experiments. # p ≤ 0.05; ### p < 0.001; #### p < 0.0001. 

An ELISA assay was performed on the supernatants from VECs uninfected or infected for 24 hr 

with the Colonizing or the VVC strain to assess the C3a and C5a release upon infection. The results 

showed a significant increase in the release of the anaphylatoxin C3a from VECs infected with 

Colonizing strain compared to uninfected cells or those infected with VVC strain. The analysis did 

not show any difference between uninfected VECs or VVC strain-infected VECs (Fig. 3a). No 

differences in C5a release were observed in the context of infection, either (Fig. 3b). 

 

Figure 3. Extracellular release of C3a and C5a. A monolayer of VECs was infected or not (Mock) with the 

Colonizing strain (Col) or VVC strain (VVC) for 24 hr. After incubation, supernatants were collected and tested 

for extracellular release of C3a (a) and C5a (b) by specific ELISA kit. Data in the graphs show the mean ± SEM of 

extracellular C3a and C5a from 5 differents experiments. * p ≤ 0.05; # p ≤ 0.05. 

To explain the tendency of the Colonizing strain to induce greater cleavage of C3 and C5 in VECs 

upon infection, RNAseq analysis of an already published dataset was performed [6]. The analysis 
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was conducted on VECs infected with either the Colonizing or the VVC strain. We focused on the 

Cathepsin family, which is known to participate in the cleavage of intracellular complement 

components [14]. We found an overall trend towards down-regulation of the whole Cathepsin family, 

with significantly lower gene expression of Cathepsins B, D, K and S in VECs infected with the VVC 

strain compared to those infected with Colonizing strain (Fig. 4a). We then tested if lower Cathepsin 

expression is correlated with lower activity; in this context, Cathepsin D activity was directly 

measured in infected VECs [27]. Consistent with the gene expression results, we found a significant 

reduction of Cathepsin D activity in VECs infected with the VVC strain compared to cells infected 

with Colonizing strain after 4 hr and 24 hr (Fig. 4b). 

 

Figure 4. RNAseq analysis of Cathepsins genes and Cathepsin D activity. (a) Volcano plot of the log2 ratio of 

gene expression between VVC strain and Colonizing strain (x-axis) against the -log10-transformed adjusted p-

value, as calculated in DESeq2, for each Cathepsin gene expressed above background (Cathepsins A, B, C, D, F, 

H, K, L, S, V and Z). (b) Cathepsin D activity in VECs infected with the Colonizing strain (Col) or VVC strain 

(VVC) after 4 hr or 24 hr. Data in the graphs in (b) show the mean ± SEM of the % of Cathepsin D activity in 

infected VECs as compared to uninfected, obtained from 4 different experiments. # p ≤ 0.05. 

The presence of cell-associated C3a, C3b, C5a and C5b suggests that there is activation of the 

complosome in infected VECs. To determine if the VECs can respond to elevated levels of 

intracellularly-produced complement components, we also analyzed the expression and the potential 

modulation of C3a and C5a intracellular receptors: C3aR and C5aR1. Our results show that the 

number of C3aR-positive VECs did not significantly increase upon infection with either Colonizing 

and VVC strains, as compared to uninfected VECs (Fig. 5a). In contrast, a significant increase of 

C5aR1 expression was observed after the infection with the Colonizing strain but not with the VVC 

strain (Fig. 5b). No VECs positive for membrane bound C3aR and C5aR1 were found (data not 

shown). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2025 doi:10.20944/preprints202506.0891.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0891.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 14 

 

 

Figure 5. Intracellular C3aR and C5aR1 analysis. A monolayer of VECs was infected or not (Mock) with the 

Colonizing strain (Col) or VVC strain (VVC) for 4 hr. After incubation, intracellular C3aR (a) and C5aR1 (b) were 

analyzed by cytofluorimetric analysis. Data in the graphs show the mean ± SEM of C3aR and C5aR1 positive 

cells (cell counts from 8000 live cells) obtained from 4 different experiments. * p ≤ 0.05. 

4. Discussion 

In this comparative study, we have used a Colonizing strain and a VVC strain of C. albicans that 

had been previously characterized and employed in an in-vitro infection model of VECs. These strains 

had been demonstrated to differentially activate specific VECs intracellular pathways (such as type I 

IFN pathway), fungal shedding and epithelial exfoliation [5].  

In fungal infections, several components of fungal cell wall, such as β-glucans and 

galactomannans, have been reported to activate complement [39]. Nonetheless, several evasion 

strategies are adopted by fungal cells to avoid complement, such as binding to Factor H and secretion 

of proteases (such as Secreted Aspartyl Proteases by C. albicans) that cleave complement components, 

thus impairing complement function [39,40]. 

In the present work, the evaluation of VECs-associated C3 and of its cleavage products (i.e., the 

anaphylatoxin C3a and the opsonin C3b), in response to C. albicans infection, shows that the number 

of infected VECs positive to C3a is significantly higher than uninfected controls, irrespective of the 

Colonizing or VVC strain. These data indicate that VECs perceive C. albicans as a threat, and they 

respond by cleaving the complement component C3 to C3a that acts as a signal for the recruitment 

of neutrophils and other cells involved in the innate immune response. However, it appears that only 

the infection by the Colonizing strain enables VECs to trigger such recruitment, as demonstrated by 

the significantly higher levels of C3a detected in cells supernatant, compared to the levels of C3a in 

uninfected or VVC-infected VECs supernatants. Differently, the secretion of C3a is similar in VVC-

infected and uninfected VECs, notwithstanding the significantly higher number of C3a positivity in 

VVC-infected cells. It follows that the VVC strain might alter the VECs perception of the threat 

represented by C. albicans infection, or alternatively it might block their response to such threat by 

degrading intracellular C3a or preventing its release. This effect could be due to the higher capacity 

of the VVC strain to release hydrolytic enzymes and will be investigated in future studies.  

Moreover, the relatively low gene expression of some Cathepsins, which are closely related to 

the cleavage of intracellular complement components [27], together with the lower levels of 

intracellular C3b in VVC strain-infected VECs, is in line with this hypothesis.  
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The number of infected VECs positive for the opsonin C3b (the second product of C3 cleavage), 

is higher in the VECs infected with either the Colonizing or VVC strains when compared to 

uninfected controls, even though the C3b+ fraction is significantly lower in VECs infected with the 

VVC strain as compared to those infected with the Colonizing strain. Since C3b is crucial for 

opsonization and fungal killing [9], this result could indicate that VECs retain their ability to 

counteract intracellular fungal invasion, upon infection with a Colonizing strain, whereas such 

capacity might be reduced upon infection with the VVC strain. Interestingly, given the lack of 

difference in the number of C3a positive infected VECs, we hypothesize that, in the VVC-infected 

VECs, C3b might be degraded more quickly. Indeed, as already mentioned and better detailed below, 

the secretion of Pra-1 and Secreted Aspartyl Proteases (Saps) enable C. albicans to degrade the 

complement proteins, suggesting that the VVC strain could release more of these fungal proteins, 

thus allowing increased degradation of complement fractions.  

Concerning C5 (the complement component that generates the anaphylotoxin C5a once 

cleaved), a significant reduction of positive VECs to C5 is evident in the VVC strain-infected VECs. 

Interestingly, in the VVC-infected VECs, the number of C5a positive cells is significantly lower when 

compared to C5a positive VECs infected by the Colonizing strain. This result mirrors the observed 

down-regulation in the gene expression of several members of the Cathepsins family, particularly 

Cathepsin D but also Cathepsins A, B, C, F, H, K, L, S, V and Z in VVC-infected VECs. Moreover, in 

such cells a marked reduction in Cathepsin D activity was observed. Since the role of these enzymes 

in the cleavage of the complement components C3 and C5 is well established, our data point to the 

ability of the VVC strain to impair the cleavage of C5, likely achieved through the impairment of 

Cathepsin gene expression and activity. In addition, the levels of C5a in the supernatants of VECs 

does not change with infection with either strain. This finding could suggest a greater involvement 

of C5a in the intracellular compartment, while suggesting the pivotal role of C3a as an anaphylatoxin 

in promoting immune cell recruitment in response to fungal infection [41]. The differential activation 

of complosome is consistent with the enhanced ability of the VVC strain to cause epithelial exfoliation 

and block type I IFN activation [6]. Specifically, the Colonizing strain elicits more extracellular C3a 

release and more cell-associated C5a production, both of which are associated with greater activation 

and control of infection.  

Finally, by analyzing the intracellular levels of the anaphylotoxins C3a and C5a receptors (C3aR 

and C5aR1), we showed that only the Colonizing strain significant increase intracellular C5aR1 while 

no significant increase in intracellular C3aR was observed after the infection with either strain. These 

results strenghten our idea that the Colonizing strain is more prone to stimulate the complosome and 

that the C5a/C5aR1 and C3a/C3aR axes seem to be partly compromised in VECs infected with the 

VVC strain. Figure 6 summarizes our hypothesis of complosome modulation in VECs by the 

Colonizing and VVC-associated strain. 
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Figure 6. Activation of complosome in VECs. Mechanism of activation of C3, C3a and C3b (upper panel) and 

C5, C5a (lower panel) and intracellular C3aR and C5aR1 involvement in VECs infected with the Colonizing and 

VVC-associated strain. Created with Biorender. 

5. Conclusions 

Taken together, our results highlight cell-associated complement modulation in VECs by C. 

albicans infection and two distinct immune responses prompted by Colonizing and VVC strains. By 

setting off a more effective cleavage of intracellular complement components, the Colonizing strain 

persists in the host by establishing a mutual interaction that provides reciprocal advantages. In 

contrast, by reducing complosome activity in VECs, the VVC strain seems to act by dysregulating the 

complement response, thus evading the immune mechanisms through the limitation of immune cell 

recruitment and ultimately promoting the progression from infection to disease. In line with this data, 

literature reports have linked several C. albicans virulence traits to complement system dysregulation. 

The β-glucan masking by cell wall mannans blocks complement components impairing the lectin 

pathway [42,43]; the secretion of Pra-1 and Secreted Aspartyl Proteases (Saps) enable C. albicans to 

degrade the complement proteins C3b, C4b and C5, thus inhibiting the formation of MAC and 

blocking the classical and alternative pathways [9,44]; specific sequence variations in C. albicans Sap2 

(such as the V273L substitution) increase degradation of C3 and C3b, thus reducing complement 

activation [45]. Therefore, according to the literature and our present results, we suggest that the 

regulation of complosome could be a potential therapeutic target in the context of VVC, where 

specific therapies are currently unavailable. Indeed, our data support the idea that by targeting the 

complement system, for example through the modulation of C5a/C5aR1 and/or C3a/C3aR axes, may 

provide an effective novel approach to counteract fungal infection of the vaginal mucosa. 

More studies are needed to further elucidate the tissue-specific immune regulatory functions of 

complement and the contribution of complosome activation in mucosal fungal diseases. These 

studies will include an analysis of how intracellular C3aR and C5aR1 activation regulates C. albicans 

adhesion and invasion to the epithelium, modifies epithelial integrity and modulates epithelial 

functions relevant to fungal infection. Given that intracellular complement receptors are located on 

mitochondria [46] their activation may regulate mithocondrial function, through mtROS production 

and/or mtDNA release. This ultimately could lead to a different activation of type I IFN pathway 

through several mechanisms, including cGAMP-STING system activation. 
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Author Contributions: For research articles with several authors, a short paragraph specifying their individual 

contributions must be provided. The following statements should be used “Conceptualization, S.K., and E.P.; 

methodology, S.K., N.P., L.S., and R.T.W.; software, S.K., R.T.W.; validation, S.K., R.T.W., and E.P.; formal 

analysis, S.K., A.A., R.T.W., and E.P.; investigation, S.K., N.P., L.S., and R.T.W.; resources, M.C., S.P., and E.P.; 

data curation, S.K., A.A., M.C., W.P., R.T.W., and E.P.; writing—original draft preparation, S.K., A.A., R.T.W., 

and E.P.; writing—review and editing, S.K., A.A., M.C., W.P., R.T.W., and E.P.; visualization, S.K., and E.P.; 

supervision, S.K., and E.P.; project administration, E.P.; funding acquisition, M.C., S.P., and E.P. All authors have 

read and agreed to the published version of the manuscript.” Please turn to the CRediT taxonomy for the term 

explanation. Authorship must be limited to those who have contributed substantially to the work reported. 

Funding: This research was funded by European Union - Next Generation EU, Mission 4 Component 1 CUP 

E53D23001460006. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The original contributions presented in the study are included in the article, 

further inquiries can be directed to the corresponding authors. 

Acknowledgments: We thank Hycult Biotech (Uden, Netherlands) for having provided the monoclonal 

antibodies mouse anti-human complement component-5 (C5) (clone 10B6), mouse anti-human C5a/C5a des-arg 

(clone 2042) and the mouse anti-human C3b/iC3b/C3d (clone 1H8). We would like to thank Cinzia Rosselli, 

Translation Office at the Management Staff of Unimore, for proofreading the English text. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1.  Faria-Gonçalves, P.; Rolo, J.; Gaspar, C.; Oliveira, A.S.; Pestana, P.G.; Palmeira-de-Oliveira, R.; Gonçalves, 

T.; Martinez-de-Oliveira, J.; Palmeira-de-Oliveira, A. Recurrent Vulvovaginal Candida Spp Isolates 

Phenotypically Express Less Virulence Traits. Microb. Pathog. 2020, 148, 104471, 

doi:10.1016/j.micpath.2020.104471. 

2.  d’Enfert, C.; Kaune, A.-K.; Alaban, L.-R.; Chakraborty, S.; Cole, N.; Delavy, M.; Kosmala, D.; Marsaux, B.; 

Fróis-Martins, R.; Morelli, M.; et al. The Impact of the Fungus-Host-Microbiota Interplay upon Candida 

Albicans Infections: Current Knowledge and New Perspectives. FEMS Microbiol. Rev. 2021, 45, fuaa060, 

doi:10.1093/femsre/fuaa060. 

3.  Ardizzoni, A.; Wheeler, R.T.; Pericolini, E. It Takes Two to Tango: How a Dysregulation of the Innate 

Immunity, Coupled With Candida Virulence, Triggers VVC Onset. Front. Microbiol. 2021, 12, 692491, 

doi:10.3389/fmicb.2021.692491. 

4.  White, D.J.; Vanthuyne, A. Vulvovaginal Candidiasis. Sex. Transm. Infect. 2006, 82, iv28–iv30, 

doi:10.1136/sti.2006.023168. 

5.  Pericolini, E.; Perito, S.; Castagnoli, A.; Gabrielli, E.; Mencacci, A.; Blasi, E.; Vecchiarelli, A.; Wheeler, R.T. 

Epitope Unmasking in Vulvovaginal Candidiasis Is Associated with Hyphal Growth and Neutrophilic 

Infiltration. PLOS ONE 2018, 13, e0201436, doi:10.1371/journal.pone.0201436. 

6.  Sala, A.; Ardizzoni, A.; Spaggiari, L.; Vaidya, N.; Van Der Schaaf, J.; Rizzato, C.; Cermelli, C.; Mogavero, S.; 

Krüger, T.; Himmel, M.; et al. A New Phenotype in Candida -Epithelial Cell Interaction Distinguishes 

Colonization- versus Vulvovaginal Candidiasis-Associated Strains. mBio 2023, 14, e00107-23, 

doi:10.1128/mbio.00107-23. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2025 doi:10.20944/preprints202506.0891.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://img.mdpi.org/data/contributor-role-instruction.pdf
https://doi.org/10.20944/preprints202506.0891.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 14 

 

7.  Kumwenda, P.; Cottier, F.; Hendry, A.C.; Kneafsey, D.; Keevan, B.; Gallagher, H.; Tsai, H.-J.; Hall, R.A. 

Estrogen Promotes Innate Immune Evasion of Candida Albicans through Inactivation of the Alternative 

Complement System. Cell Rep. 2022, 38, 110183, doi:10.1016/j.celrep.2021.110183. 

8.  Kenno, S.; Speth, C.; Rambach, G.; Binder, U.; Chatterjee, S.; Caramalho, R.; Haas, H.; Lass-Flörl, C.; 

Shaughnessy, J.; Ram, S.; et al. Candida Albicans Factor H Binding Molecule Hgt1p – A Low Glucose-

Induced Transmembrane Protein Is Trafficked to the Cell Wall and Impairs Phagocytosis and Killing by 

Human Neutrophils. Front. Microbiol. 2019, 9, 3319, doi:10.3389/fmicb.2018.03319. 

9.  Luo, S.; Dasari, P.; Reiher, N.; Hartmann, A.; Jacksch, S.; Wende, E.; Barz, D.; Niemiec, M.J.; Jacobsen, I.; 

Beyersdorf, N.; et al. The Secreted Candida Albicans Protein Pra1 Disrupts Host Defense by Broadly 

Targeting and Blocking Complement C3 and C3 Activation Fragments. Mol. Immunol. 2018, 93, 266–277, 

doi:10.1016/j.molimm.2017.07.010. 

10.  Harpf, V.; Rambach, G.; Würzner, R.; Lass-Flörl, C.; Speth, C. Candida and Complement: New Aspects in 

an Old Battle. Front. Immunol. 2020, 11, 1471, doi:10.3389/fimmu.2020.01471. 

11.  Heggi, M.T.; Nour El-Din, H.T.; Morsy, D.I.; Abdelaziz, N.I.; Attia, A.S. Microbial Evasion of the 

Complement System: A Continuous and Evolving Story. Front. Immunol. 2024, 14, 1281096, 

doi:10.3389/fimmu.2023.1281096. 

12.  Dühring, S.; Germerodt, S.; Skerka, C.; Zipfel, P.F.; Dandekar, T.; Schuster, S. Host-Pathogen Interactions 

between the Human Innate Immune System and Candida Albicans—Understanding and Modeling 

Defense and Evasion Strategies. Front. Microbiol. 2015, 6, doi:10.3389/fmicb.2015.00625. 

13.  Merle, N.S.; Church, S.E.; Fremeaux-Bacchi, V.; Roumenina, L.T. Complement System Part I Â€“ Molecular 

Mechanisms of Activation and Regulation. Front. Immunol. 2015, 6, doi:10.3389/fimmu.2015.00262. 

14.  Lubbers, R.; Van Essen, M.F.; Van Kooten, C.; Trouw, L.A. Production of Complement Components by 

Cells of the Immune System. Clin. Exp. Immunol. 2017, 188, 183–194, doi:10.1111/cei.12952. 

15.  Sarma, J.V.; Ward, P.A. The Complement System. Cell Tissue Res. 2011, 343, 227–235, doi:10.1007/s00441-

010-1034-0. 

16.  Klos, A.; Tenner, A.J.; Johswich, K.-O.; Ager, R.R.; Reis, E.S.; Köhl, J. The Role of the Anaphylatoxins in 

Health and Disease. Mol. Immunol. 2009, 46, 2753–2766, doi:10.1016/j.molimm.2009.04.027. 

17.  Ghosh, M.; Rana, S. The Anaphylatoxin C5a: Structure, Function, Signaling, Physiology, Disease, and 

Therapeutics. Int. Immunopharmacol. 2023, 118, 110081, doi:10.1016/j.intimp.2023.110081. 

18.  Mastellos, D.C.; Hajishengallis, G.; Lambris, J.D. A Guide to Complement Biology, Pathology and 

Therapeutic Opportunity. Nat. Rev. Immunol. 2024, 24, 118–141, doi:10.1038/s41577-023-00926-1. 

19.  Desai, J.V.; Kumar, D.; Freiwald, T.; Chauss, D.; Johnson, M.D.; Abers, M.S.; Steinbrink, J.M.; Perfect, J.R.; 

Alexander, B.; Matzaraki, V.; et al. C5a-Licensed Phagocytes Drive Sterilizing Immunity during Systemic 

Fungal Infection. Cell 2023, 186, 2802-2822.e22, doi:10.1016/j.cell.2023.04.031. 

20.  West, E.E.; Kemper, C. Complosome — the Intracellular Complement System. Nat. Rev. Nephrol. 2023, 19, 

426–439, doi:10.1038/s41581-023-00704-1. 

21.  Xiao, F.; Guo, J.; Tomlinson, S.; Yuan, G.; He, S. The Role of the Complosome in Health and Disease. Front. 

Immunol. 2023, 14, 1146167, doi:10.3389/fimmu.2023.1146167. 

22.  Garred, P.; Hetland, G.; Mollnes, T.E.; Stoervold, G. Synthesis of C3, C5, C6, C7, C8, and C9 by Human 

Fibroblasts. Scand. J. Immunol. 1990, 32, 555–560, doi:10.1111/j.1365-3083.1990.tb03196.x. 

23.  Posch, W.; Vosper, J.; Noureen, A.; Zaderer, V.; Witting, C.; Bertacchi, G.; Gstir, R.; Filipek, P.A.; Bonn, G.K.; 

Huber, L.A.; et al. C5aR Inhibition of Nonimmune Cells Suppresses Inflammation and Maintains Epithelial 

Integrity in SARS-CoV-2–Infected Primary Human Airway Epithelia. J. Allergy Clin. Immunol. 2021, 147, 

2083-2097.e6, doi:10.1016/j.jaci.2021.03.038. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2025 doi:10.20944/preprints202506.0891.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0891.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 14 

 

24.  Singh, P.; Kemper, C. Complement, Complosome, and Complotype: A Perspective. Eur. J. Immunol. 2023, 

53, 2250042, doi:10.1002/eji.202250042. 

25.  Li, X.X.; Fung, J.N.; Clark, R.J.; Lee, J.D.; Woodruff, T.M. Cell-Intrinsic C5a Synergizes with Dectin-1 in 

Macrophages to Mediate Fungal Killing. Proc. Natl. Acad. Sci. U. S. A. 2024, 121, e2314627121, 

doi:10.1073/pnas.2314627121. 

26.  Ratajczak, M.Z.; Konopko, A.; Jarczak, J.; Kazek, M.; Ratajczak, J.; Kucia, M. Complosome as a New 

Intracellular Regulatory Network in Both Normal and Malignant Hematopoiesis. Leukemia 2025, 

doi:10.1038/s41375-025-02613-7. 

27.  Niyonzima, N.; Rahman, J.; Kunz, N.; West, E.E.; Freiwald, T.; Desai, J.V.; Merle, N.S.; Gidon, A.; Sporsheim, 

B.; Lionakis, M.S.; et al. Mitochondrial C5aR1 Activity in Macrophages Controls IL-1β Production 

Underlying Sterile Inflammation. Sci. Immunol. 2021, 6, eabf2489, doi:10.1126/sciimmunol.abf2489. 

28.  Desai, J.V.; Lionakis, M.S. C5‐C5aR1‐mediated Immune Responses during Fungal Infection: Clinical and 

Translational Implications. Clin. Transl. Med. 2023, 13, e1424, doi:10.1002/ctm2.1424. 

29.  Kulkarni, D.H.; Starick, M.; Aponte Alburquerque, R.; Kulkarni, H.S. Local Complement Activation and 

Modulation in Mucosal Immunity. Mucosal Immunol. 2024, 17, 739–751, doi:10.1016/j.mucimm.2024.05.006. 

30.  Kohli, A.; Islam, A.; Moyes, D.L.; Murciano, C.; Shen, C.; Challacombe, S.J.; Naglik, J.R. Oral and Vaginal 

Epithelial Cell Lines Bind and Transfer Cell-Free Infectious HIV-1 to Permissive Cells but Are Not 

Productively Infected. PLoS ONE 2014, 9, e98077, doi:10.1371/journal.pone.0098077. 

31.  Lafon, E.; Diem, G.; Witting, C.; Zaderer, V.; Bellmann-Weiler, R.M.; Reindl, M.; Bauer, A.; Griesmacher, 

A.; Fux, V.; Hoermann, G.; et al. Potent SARS-CoV-2-Specific T Cell Immunity and Low Anaphylatoxin 

Levels Correlate With Mild Disease Progression in COVID-19 Patients. Front. Immunol. 2021, 12, 684014, 

doi:10.3389/fimmu.2021.684014. 

32.  Mi, H.; Muruganujan, A.; Huang, X.; Ebert, D.; Mills, C.; Guo, X.; Thomas, P.D. Protocol Update for Large-

Scale Genome and Gene Function Analysis with the PANTHER Classification System (v.14.0). Nat. Protoc. 

2019, 14, 703–721, doi:10.1038/s41596-019-0128-8. 

33.  Sherman, B.T.; Hao, M.; Qiu, J.; Jiao, X.; Baseler, M.W.; Lane, H.C.; Imamichi, T.; Chang, W. DAVID: A Web 

Server for Functional Enrichment Analysis and Functional Annotation of Gene Lists (2021 Update). Nucleic 

Acids Res. 2022, 50, W216–W221, doi:10.1093/nar/gkac194. 

34.  Thomas, P.D.; Ebert, D.; Muruganujan, A.; Mushayahama, T.; Albou, L.; Mi, H. PANTHER : Making 

Genome‐scale Phylogenetics Accessible to All. Protein Sci. 2022, 31, 8–22, doi:10.1002/pro.4218. 

35.  Kim, D.; Langmead, B.; Salzberg, S.L. HISAT: A Fast Spliced Aligner with Low Memory Requirements. Nat. 

Methods 2015, 12, 357–360, doi:10.1038/nmeth.3317. 

36.  Anders, S.; Pyl, P.T.; Huber, W. HTSeq—a Python Framework to Work with High-Throughput Sequencing 

Data. Bioinformatics 2015, 31, 166–169, doi:10.1093/bioinformatics/btu638. 

37.  Yates, A.D.; Achuthan, P.; Akanni, W.; Allen, J.; Allen, J.; Alvarez-Jarreta, J.; Amode, M.R.; Armean, I.M.; 

Azov, A.G.; Bennett, R.; et al. Ensembl 2020. Nucleic Acids Res. 2019, gkz966, doi:10.1093/nar/gkz966. 

38.  Love, M.I.; Huber, W.; Anders, S. Moderated Estimation of Fold Change and Dispersion for RNA-Seq Data 

with DESeq2. Genome Biol. 2014, 15, 550, doi:10.1186/s13059-014-0550-8. 

39.  Dellière, S.; Sze Wah Wong, S.; Aimanianda, V. Soluble Mediators in Anti-Fungal Immunity. Curr. Opin. 

Microbiol. 2020, 58, 24–31, doi:10.1016/j.mib.2020.05.005. 

40.  Jia, L.-J.; González, K.; Orasch, T.; Schmidt, F.; Brakhage, A.A. Manipulation of Host Phagocytosis by 

Fungal Pathogens and Therapeutic Opportunities. Nat. Microbiol. 2024, 9, 2216–2231, doi:10.1038/s41564-

024-01780-0. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2025 doi:10.20944/preprints202506.0891.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0891.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 14 

 

41.  Wu, F.; Zou, Q.; Ding, X.; Shi, D.; Zhu, X.; Hu, W.; Liu, L.; Zhou, H. Complement Component C3a Plays a 

Critical Role in Endothelial Activation and Leukocyte Recruitment into the Brain. J. Neuroinflammation 2016, 

13, 23, doi:10.1186/s12974-016-0485-y. 

42.  Wu, M.; Wang, F.; Yang, J.; Li, P.; Yan, D.; Yang, Y.; Zhang, W.; Ren, J.; Zhang, Z.; Wang, M. The Responses 

of the Gut Microbiota to MBL Deficiency. Mol. Immunol. 2020, 122, 99–108, 

doi:10.1016/j.molimm.2020.03.008. 

43.  Choteau, L.; Parny, M.; François, N.; Bertin, B.; Fumery, M.; Dubuquoy, L.; Takahashi, K.; Colombel, J.-F.; 

Jouault, T.; Poulain, D.; et al. Role of Mannose-Binding Lectin in Intestinal Homeostasis and Fungal 

Elimination. Mucosal Immunol. 2016, 9, 767–776, doi:10.1038/mi.2015.100. 

44.  Gropp, K.; Schild, L.; Schindler, S.; Hube, B.; Zipfel, P.F.; Skerka, C. The Yeast Candida Albicans Evades 

Human Complement Attack by Secretion of Aspartic Proteases. Mol. Immunol. 2009, 47, 465–475, 

doi:10.1016/j.molimm.2009.08.019. 

45.  Lin, L.; Wang, M.; Zeng, J.; Mao, Y.; Qin, R.; Deng, J.; Ouyang, X.; Hou, X.; Sun, C.; Wang, Y.; et al. Sequence 

Variation of Candida Albicans Sap2 Enhances Fungal Pathogenicity via Complement Evasion and 

Macrophage M2‐Like Phenotype Induction. Adv. Sci. 2023, 10, 2206713, doi:10.1002/advs.202206713. 

46.  Ishii, M.; Beeson, G.; Beeson, C.; Rohrer, B. Mitochondrial C3a Receptor Activation in Oxidatively Stressed 

Epithelial Cells Reduces Mitochondrial Respiration and Metabolism. Front. Immunol. 2021, 12, 628062, 

doi:10.3389/fimmu.2021.628062. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2025 doi:10.20944/preprints202506.0891.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0891.v1
http://creativecommons.org/licenses/by/4.0/

