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Abstract

Vulvovaginal candidiasis (VVC), also known as vaginal thrush, is an infection of the vulvovaginal mucosa caused by fungi
of the Candida genus. Particularly for patients suffering from recurrent infection, the disease has a significant impact on
their quality of life. The still unknown aspects of disease pathogenesis, as well as factors driving the development of
infections and recurrence, represent a challenge for both clinical practitioners and patients. Mouse models and patient studies
have suggested important roles of the microbiome, deployment of fungal pathogenicity mechanisms in the vagina, and
dysregulated immune responses for VVC pathology. Dissecting their individual contributions can reveal specific processes
associated with infection and may inspire novel therapeutic strategies. Epithelial in vitro infection models have been playing
a key role in dissecting a crucial interaction during VVC, the invasion and infection of the vaginal mucosa. They have been
instrumental in characterizing candidalysin as a fungal toxin that damages epithelial cells and elicits initial inflammatory
responses to catalyze downstream inflammation. Moreover, they have also revealed potential protective immune pathways.
Such a standardized epithelial cell infection model offers high versatility and compatibility with different downstream assays
to link epithelial responses with other processes during VVC. This protocol describes a general A-431 vulvovaginal
epithelial cell-Candida infection model in detail and provides several adaptations, such as live-cell imaging and mRNA
silencing, as well as possible follow-up readouts, like the quantification of cytokine release, cytotoxicity, and neutrophil
recruitment to study diverse processes relevant to VVC research.

Key features

e This protocol describes the use of the A-431 epidermoid carcinoma cell line as an in vitro infection model of
vulvovaginal candidiasis.

e The protocol can be adapted to answer research questions relevant to vulvovaginal candidiasis (epithelial damage,
release of inflammatory cytokines, recruitment and activation of neutrophils).

e Live-cell imaging can be used to study dynamic infection processes.

e mRNA silencing can be applied to interrogate the function of genes of interest in the host—pathogen interaction.
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Experimental readouts of the vulvovaginal epithelial infection model with C. albicans. The epithelial cell line A-431 is
infected with C. albicans yeast cells, which germinate over the course of infection. During this process, epithelial immune
responses can be characterized by directly evaluating the epithelial cells with live-cell imaging and RNA isolation and by
analyzing secreted molecules in the supernatant, such as cytokines and cytoplasmic lactate dehydrogenase (LDH) as a
marker of cell lysis. Downstream processes on relevant effector cells can be assessed, for example, through neutrophil
chemotaxis or activation assays.

Background

Vulvovaginal candidiasis (VVC) is a yeast infection of the vulvar and vaginal mucosa, most commonly caused by Candida
albicans [1]. In the majority of women, this infection is linked to predisposing factors like antibiotic use and can be treated
by a short course of antifungal therapy [1,2]. Still, 7%-9% of women experience recurrent infection (RVVC), defined by at
least four episodes annually [3,4]. Their quality of life, including social and mental health factors, is severely burdened
because of the associated discomfort, caused by curdy vaginal discharge, itching, pain, burning, redness, and swelling, as
well as persistent medical costs [S—7]. Unlike other fungal infections, the disease severity of VVC is strongly intertwined
with exacerbated inflammatory responses during infection, rather than being caused by compromised immunity [8—12].
While RVVC can be treated using fluconazole maintenance therapy to control the fungal burden [13], highly effective
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diagnostics predicting RVVC flares and sustainable therapeutic strategies are urgently needed [5].

The current state of knowledge on pathogenesis and therapy of (R)VVC has been established based on patient studies [14—
22], a seminal study using an experimental human infection model [10], and VVC mouse models [23-35]. Moreover, in
vitro infection models have been instrumental in the molecular dissection of cellular processes at the fungal—epithelial
interface that cause tissue damage and catalyze inflammation [11,36—43].

The epidermoid carcinoma cell line A-431 is a well-established infection model of human vulvovaginal epithelial cells with
Candida species [36—49]. This cell model has contributed to dissecting the molecular pathways underlying candidalysin
cytotoxicity and induction of epithelial inflammatory responses driving neutrophil recruitment and activation, which is
similarly observed in vivo [34,36,40,41,50,51]. In vitro epithelial infection, similar to the in vivo model, suggests a distinct
phenotype of VVC caused by non-albicans species compared to C. albicans [39,41,52]. Similarly, type I interferon signaling
has been linked to resistance to C. albicans infection in both in vivo and in vitro epithelial infection models [41,53-55].
A-431 cells are highly versatile due to their easy maintenance, compatibility with RPMI-1640 culture medium (which allows
for co-culture with primary human immune cells or transfer of their supernatant), biosafety level, and genetic tractability.
Some studies have cross-validated responses of the A-431 vulvovaginal epithelial infection model with primary human
epithelial cells [41] or in vivo responses [34,36,56].

Here, we provide a step-by-step protocol based on multiple studies [38,40—42] demonstrating the potential of the A-431
vulvovaginal epithelial cell infection model for studying diverse processes relevant to the VVC research field. In the
following protocol, we highlight the capabilities of the A-431 vulvovaginal epithelial infection model in terms of studying
tissue damage, fungal burden, inflammatory responses, real-time cell status tracking, neutrophil recruitment, and gene
expression. We thereby provide a toolset for further research into improving our understanding of the pathogenesis of VVC
and to evaluate novel/candidate anti-infective, anti-virulence, and immunomodulatory therapeutic strategies for VVC.

Materials and reagents

Biological materials

1. A-431 cells (ATCC, catalog number: CRL-1555™)

2. Candida albicans strain SC5314 (ATCC-MYA-2876) [57], risk group 2, human pathogenic fungus

3. Candida albicans strain CA3153 (kindly provided by Prof. Patrick Van Dijck) [58], risk group 2, human pathogenic
fungus

4. Candida albicans strain CA3153::GFP (kindly provided by Prof. Patrick Van Dijck) [59], risk group 2, human pathogenic
fungus

5. HUVEC/TERT?2 cells [kindly provided by Transfer Group Antiinfectives (Leibniz-HKI); ATCC, catalog number: CRL-
4053™]

Reagents

For cell culture

1. RPMI-1640 (Gibco, catalog number: 11875093)

2. Accutase cell detachment solution (Capricorn, catalog number: ACC-1B)

3. Heat-inactivated fetal calf serum (hiFCS), heat-inactivated for 20 min at 57 °C; South America ultra-low endotoxin triple
filtered (0.1 pm) (Bio & Sell, catalog number: FBS.TF.0500)

For culturing Candida

4. Yeast extract (Serva, catalog number: 24540.03)

5. Peptone (ThermoFisher, catalog number: 211677)

6. Glucose (Roth, catalog number: X997.2)

7. Agar-agar (Becton Dickinson, catalog number: 257353)

For cytotoxicity assay
8. Hydrochloric acid (HCI) 1 mol/L (Roth, catalog number: K025.1)
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For ELISA

9. 1x TMB substrate solution (Invitrogen, catalog number: 00-4201-56)

10. Bovine serum albumin (BSA) fraction V, >98%, biotin-free, NZ-Origin (Roth, catalog number: 0163.4)
11. Sodium chloride (NaCl) (Roth, catalog number: 0962.2)

12. Disodium hydrogen phosphate dihydrate (Na,HPO4-2H,0) (Roth, catalog number: T877.1)

13. Potassium dihydrogen phosphate (KH,POs) (Roth, catalog number: 23Y6.1)

14. Potassium chloride (KC1) (Roth, catalog number: HN02.1)

15. Tween-20 (Roth, catalog number: 9127.1)

For live-cell microscopy
16. SYTO™ Deep Red nucleic acid stain (Invitrogen, catalog number: S34900)
17. SYTOX™ Orange nucleic acid stain (Invitrogen, catalog number: S11368)

For RNA isolation

18. RNaseZap (Sigma-Aldrich, catalog number: R2020)

19. B-mercaptoethanol (ThermoFisher, catalog number: 125472500)

20. Ethanol 70% (Roth, catalog number: T868.3)

21. Oligo-dT (Invitrogen, catalog number: AM5730G)

22. GoTaq® qPCR master mix (Promega, catalog number: A6002)

23. Deoxynucleotide (ANTP) solution mix (New England BioLabs Inc., catalog number: N0447S)

24. RNaseOUT™ recombinant RNase inhibitor (Invitrogen, catalog number: 10777-019)

25. SuperScript™ III reverse transcriptase (Invitrogen, catalog number: 18080-044), includes 0.1 M DTT and 5x first-strand
buffer

For gene silencing

26. 5% siRNA buffer (Dharmacon, catalog number: B-002000-UB-100)

27. DharmaFECT™ transfection reagent 1 (Dharmacon, catalog number: T-2001-02)
28. siRNA target (Dharmacon)

29. siRNA non-targeting (Dharmacon)

For neutrophil chemotaxis

30. EBM® Endothelial Cell Growth Basal Medium (Lonza, catalog number: CC-3121)

31. EGM® Endothelial Cell Growth Medium SingleQuots® kit (Lonza, catalog number: CC-4133)
32. Lymphocyte separation medium, density 1.077 g/mL (Capricorn, catalog number: LSM-A)
33. Collagen A (Sigma, catalog number: C5533)

34. Penicillin-streptomycin, 10,000 U/mL (Gibco, catalog number: 15140122)

35. HBSS (Gibco, catalog number: 14025092)

36. HEPES (Gibco, catalog number: 15630106)

37. Cell Tracking Dye kit, Green, Cytopainter (Abcam, catalog number: ab138891)

38. IL-8 (Immunotools, catalog number: 11349084)

Solutions

1. Phosphate-buffered saline (PBS), pH 7.4 (see Recipes)

2. Cell culture medium RPMI-1640 + hiFCS (see Recipes)

3. Yeast peptone dextrose (YPD) agar plates/liquid medium (see Recipes)
4. ELISA wash buffer 25% (see Recipes)

5. ELISA assay diluent (see Recipes)
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Recipes

1. PBS, pH 7.4
Reagent Final concentration Quantity or volume
Na,HPO,4-2H,O 10 mM 1.78 g/L
KH>PO4 1.8 mM 0.24 g/L
NaCl 140 mM 8.2 g/L
KClI 2.7 mM 0.2 g/L

Fill up with distilled water, autoclave (20 min, 121 °C), and store at room temperature.

2. Cell culture medium RPMI-1640 + hiFCS

Reagent Final concentration Quantity or volume
RPMI-1640 medium 90% 450 mL

hiFCS 10% 50 mL

Total 100% 500 mL

Store at 4 °C for a maximum of 2 weeks.

3. YPD agar plates/medium

Reagent Final concentration Quantity or volume
Yeast extract 1% 10 g/L
Peptone 2% 20 g/L
Glucose 2% 20 g/L
Agar-agar (only for plates) 2% 20 g/L

Fill up with distilled water and autoclave (20 min, 121 °C).

Liquid medium: Store at room temperature.

Agar plates: Pour 11 mL into a 9 cm culture plate, let it cool down, and store at 4 °C.

4. ELISA wash buffer 25x (1 L)

Reagent Final concentration Quantity or volume
NaCl 342M 200 g/L
Na,HPO,4-2H,O 250 mM 445 g/L

KH,PO4 50 mM 6.75 g/L

KClI 67 mM 5g/L

Tween-20 12.5 mL/L 12.5 mL/L

Fill up with distilled water and store at room temperature. Dilute 1:25 in distilled water before use.

5. ELISA assay diluent (0.5 L)
Dissolve 1% BSA (10 g/L) in PBS (see Recipe 1) and store it at 4 °C. Do not use it for longer than 2 days.

Materials

For cell culture

1. Tissue culture flasks T-75 (Sarstedt, catalog number: 83.3911.002) and T-175 (Sarstedt, catalog number: 83.3912.002)

2. Tissue culture plates 6-well (TPP, catalog number: 92406), 24-well (TPP, catalog number: 92424), 96-well (TPP, catalog
number: 92696)

3. Plastic Petri dish 9.2 cm (Sarstedt, catalog number: 82.1473)

4. Counting chamber Neubauer improved 0.1 mm depth (Roth, catalog number: PC72.1)

For cytotoxicity assay
5. Cytotoxicity Detection kit (LDH) (Roche, catalog number: 11644793001)
6. LDH from rabbit muscle (standard for cytotoxicity assay) (Roche, catalog number: 10127884001)
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For ELISA

7. Human GM-CSF DuoSet ELISA (R&D Systems, catalog number: DY215)

8. Human IL-1Ra/1F3 DuoSet ELISA (R&D Systems, catalog number: DY280)

9. Human IL-8/CXCLS8 DuoSet ELISA (R&D Systems, catalog number: DY208)

10. Human IL-1 alpha/IL-1F1 DuoSet ELISA (R&D Systems, catalog number: DY200)

11. High-binding 96-well ELISA plates, flat bottom, clear (Sarstedt, catalog number: 82.1581.200)
12. Adhesive plate sealing films (Greiner Bio-One, catalog number: 676001)

For RNA isolation

13. RNeasy Mini kit (Qiagen, catalog number: 74106)

14. RNase-Free DNase set (Qiagen, catalog number: 79254)
15. Cell scrapers, 24 cm (TPP, catalog number: 99002)

For neutrophil chemotaxis
16. TC-insert, for 24-well plates (Sarstedt, catalog number: 83.3932.300)

Equipment

1. Live-cell image microscope with filters around 488, 547, and 652 nm [used here: Incucyte SX5 (Sartorius, catalog number:
4816) with SX5 Green/Orange/NIR optical module (Sartorius, catalog number: 4832)]

2. HydroSpeed plate washer (Tecan, catalog number: 30060035)

3. Plate reader with filters for 450 and 570 nm (used here: Absorbance 96 (Byonoy)

4. NanoDrop One (Thermo Fisher, model: ND-ONE-W)

5. CFX Opus 96 Real-Time PCR System (Bio-Rad, catalog number: 12011319)

Software and datasets

1. Plate reader software: Absorbance 96 App (version 2024.08.0)
2. Live-cell imaging microscope (Incucyte 2024B)

3. Microsoft Excel (Microsoft, version 16.0.10417.20095)

4. GraphPad Prism (version 10.5.0)

5. Bio-Rad CFX Manager (version 3.1.1517.0823)

6. ImageJ/FIJI (version 2.16.0/1.54p) 22743772 [60]

Procedure

A. Maintaining and preparing A-431 human epidermoid carcinoma cells

1. Harvest A-431 cells from a 75 cm? flask (around 80% confluency) by washing them with 10 mL of PBS and detaching
with 2 mL of Accutase for 10 min at 37 °C (5% CO,).

Note: Detachment time can vary. Check under a microscope if the cells round up and detach. Some sticky cells can be
detached by gently tapping the flask.

2. Add 4 mL of RPMI-1640 + hiFCS to stop the detachment and rinse the media multiple times over the surface to remove
any remaining cells and to fragment cell clumps to a single cell suspension.

3. Count the cells using a cell counter (e.g., Biirker or Neubauer chamber, or automated cell counter) and adjust the
concentration in RPMI-1640 + hiFCS according to your needs (Table 1).

Note: One T-75 flask at 80% confluency contains around 3 million cells. If, for some experiments, a high density of cells is
needed, spin them down before counting (300% g for 5 min), remove the media, and resuspend in 1 mL of RPMI-1640 +
hiFCS.
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Table 1. Recommended cell numbers for seeding in different well plates and flasks

Cell culture Total number of cells per well
6-well plate 300,000

24-well plate 100,000

96-well plate 20,000

4. Seed the cells according to Table 1 and incubate at 37 °C (5% CO,) for 2 days (Figure 1).

Figure 1. Representative images of A-431. A-431 cells seeded in a 96-well plate (A) 1 h after seeding and (B) after 48 h.
Images were taken with a Sartorius Incucyte SX5 with 20x magnification. Scale bar, 100 pum.

B. Preparing Candida cultures for infection

1. Streak Candida strains of interest from a glycerol stock on YPD agar plates and incubate for approximately 1.5 days at
30 °C.

Note: After incubation, plates can be kept in the fridge for approximately 4 weeks.

2. Add 10 mL of YPD medium into a 25 mL glass Erlenmeyer flask and resuspend one single colony from the YPD agar
plate into the flask. Incubate at 30 °C with 180 rpm shaking for approximately 16 h.

3. Collect 1 mL of the overnight culture and centrifuge at 10,000x g for 1 min.

4. Remove the supernatant and resuspend the yeast cell pellet with 1 mL of PBS.

5. Repeat the centrifugation and washing (steps B3 and B4) twice.

6. Resuspend the pellet in 1 mL of PBS.

7. Prepare a 1:100 dilution in PBS and determine the cell concentration.

8. Adjust the concentration in RPMI-1640 according to your multiplicity of infection (MOI).

Note: A MOI of 1 is a good way to start (calculated from the number of seeded cells).

C. Setup for infection

1. Remove the old media from the A-431 cell monolayer and refill with RPMI-1640.

Note: This is to remove the FCS, which can impact C. albicans pathogenicity.

2. Replace the RPMI-1640 with the Candida-containing medium (step B8).

3. Incubate the infected cells at 37 °C and 5% CO,. Always include an uninfected (cells only) control.

Note: The incubation time depends on your research question. Hyphal growth can be tracked up to 12 h (depending on
MOI), live-cell imaging can be done for 12—24 h, and cytokine and cytotoxicity quantification is typically done at 24 h.

D. Adjustments, sample collection, and read-outs for Candida-infected A-431 cells

D1. Quantification of cytotoxicity by measuring lactate dehydrogenase (LDH) activity

1. When working with a cell culture plate: Spin down the plate at 300x g for 10 min before collecting supernatants. When

working with a cell culture flask: Transfer the supernatants to a reaction tube, centrifuge it at 300x g for 10 min to remove

debris/Candida from the liquid.

Note: If the supernatants are not processed immediately, store them at 4 °C maximum overnight. Freeze-thawing interferes
Cite as: Grof}, V. E. et al. (2026). An In Vitro A-431 Epithelial Cell Infection Model for Studying Fungal 7

Pathogenicity and Immune Responses Associated With Vulvovaginal Candidiasis. Bio-protocol 16(10): e5693.
DOI: 10.21769/BioProtoc.5693




bl'o—protocol Published: May 20, 2026

with LDH activity.

2. Dilute the samples 10x in PBS and add 100 pL to a transparent 96 well-plate.

Note: The dilution can be adjusted depending on the experimental cell density.

3. Prepare a standard curve of LDH from rabbit muscle (Roche) in PBS of 2-fold dilutions with a concentration range of
500 ng/mL to 3.91 ng/mL and add 100 pL of each to the 96-well plate. Include wells with PBS only as a blank and perform
at least two technical replicates per condition (Figure 2).
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Figure 2. Example plate layout for cytotoxicity assay

4. Prepare the reaction mix according to the manufacturer using the cytotoxicity detection kit.

5. Add 100 pL to each sample and to the wells of the standard.

6. Incubate for 10 min in the dark.

Note: Check the plate regularly to stop the process in time.

7. Stop the reaction with 50 uLL of 1 M HCL.

8. Measure the absorption with a plate reader at 490 nm and a reference wavelength at 660 nm.

Note: Cytotoxicity can also be determined using specific luciferase-expressing A-431 cell lines (see [61]).

D2. Monitoring inflammatory responses by quantifying cytokine concentrations within the supernatant (ELISA)
Note: The procedure here is for R&D DuoSet ELISA assay systems and may require adaptation when using assays from
other suppliers.

1. When working with a cell culture plate, spin down the plate at 300x g for 10 min before collecting supernatants. When
working with a cell culture flask, transfer the supernatant to a reaction tube and centrifuge it for 10 min at 300x g to remove
debris/Candida from the liquid.

Notes:

1. If the supernatants are not processed immediately, store them at -20 or -80 °C.

2. The cells can be lysed using sterile water and a freeze-thaw cycle to quantify intracellular cytokine levels.

2. Thaw capture antibody aliquot on ice, briefly spin, and dilute in 11 mL of 1x PBS (rinse the aliquot tube with a small
amount of PBS for quantitative transfer). Mix gently by inversion and coat the high-binding 96-plate by adding 100 uL/well
of capture antibody. Incubate overnight.

3. Prepare the 1x ELISA wash buffer by diluting 200 mL of 25x wash buffer (Recipe 4) in 5 L of dH,O.

4. Wash the plate three times and tap dry on absorbent paper.
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5. Block by adding 300 uL/well of assay diluent (Recipe 5) and incubate for 1 h.

6. Prepare dilutions for the standard curve according to the manufacturer’s protocol (adjust according to the cytokine of
interest).

7. Wash the plate three times and tap dry.

8. Add 100 pL/well of standards and blank (assay diluent) with duplicates; then, add 100 pL/well of samples (diluted with
assay diluent as required, adjust according to the cytokine) and incubate for 2 h at room temperature or overnight at 4 °C
(Figure 3).
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Figure 3. Example plate layout for ELISA

Samples O

Note: Consider the sample type and cytokine of interest. Before the main experiment, you could run a dilution series of your
sample (1:2, 1:5, 1:10, 1:20, 1:50, 1:100) and choose a dilution where OD values are within the kit sensitivity range (above
blank but not near saturation). Avoid undiluted samples due to matrix interference, nonspecific binding, and background
noise.

9. Thaw detection antibody aliquot on ice, briefly spin, and dilute in 11 mL of assay diluent (rinse the aliquot tube with a
small amount of assay diluent for quantitative transfer). Mix gently by inversion (do not vortex to avoid bubbles).

10. Wash the plate three times and tap dry.

11. Add 100 pL/well of detection antibody. Incubate for 2 h.

12. Prepare streptavidin-HRP B by diluting 1:40 in assay diluent. Mix gently by inversion (do not vortex to avoid bubbles).
Protect from the light.

13. Wash the plate three times and tap dry.

14. Add 100 pL/well of streptavidin-HRP B. Incubate for 20 min in the dark.

15. Wash the plate three times and tap dry.

16. Add 100 pL/well of 1x TMB substrate solution.

17. Develop for 5-20 min. Protect from the light.

Note: Monitor visually; use the standard curve color as an indicator. Do not allow OD to saturate, if wells appear very
dark blue, proceed to stop immediately to avoid readings over 2.0 OD.

18. Add 50 pL/well of stop solution under a fume hood. Mix briefly by gently tapping. Measure at 450 nm and a reference
wavelength at 570 nm.
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D3. Quantification of fungal burden by colony forming units (CFUs)

Note: When C. albicans forms hyphae and/or biofilms on the A-431 cells, CFU plating may underestimate the fungal burden
due to multiple fungal cells clumping together.

1. After collecting cell supernatants, add 200 pL of sterile H,O to each well and pipette up and down until the cell layer is
removed from the plastic.

2. Collect the H>O from the well in a microcentrifuge tube and repeat the step three times until you reach 1 mL as the total
volume (the volume of H>O can be adjusted).

3. Vortex the microcentrifuge tube to ensure homogenous distribution of the CFUs.

4. Plate 100 pL onto a YPD agar plate.

Note: Dilution can be adjusted depending on the MOI and length of infection. We recommend diluting twice (1:10 and 1:100)
and plating both.

5. Incubate overnight at 30 °C.

6. Count the number of colonies in the next 1-2 days.

D4. Live-cell imaging for tracking cell death and hyphal growth over time

1. When adding plain RPMI-1640 to the cells (step C2), include fluorescent dyes in the medium [e.g., SYTO™ Deep Red
nucleic acid stain for counting total cell number (total dilution 1:2,000, final concentration 1 uM), or SYTOX™ Orange
nucleic acid stain for counting dead cells (total dilution 1:10,000, final concentration 0.5 uM)].

Note: The use of RPMI-1640 without phenol red could decrease the background signal and therefore improve the assay
sensitivity.

2. Incubate the cells with medium containing fluorescent dyes for 30 min at 37 °C (5% CO,) before adding Candida.

Note: For tracking hyphal growth, fluorescent Candida can be used instead of wild-type yeast strains. Check that the
fluorescent-labeled strain does not interfere/overlap with the fluorescent cell dyes.

3. Incubate the plate in a live-cell imaging microscope (e.g., Incucyte SX5), taking pictures every hour in the desired
channels, with a 10x objective (Figure 4) or higher magnification.

Note: Setting depends on the chosen fluorophores. For example, when using Sytox™ Orange, the acquisition time can be
reduced to 100 ms, while fluorescent Candida strains might need more.

CA3153::GFP Sytox™Orange Syto™DeepRed

ightfi Fluorescent merge

v,

Figure 4. Example images of live-cell imaging. A-431 cells were stained with Syto™ Deep Red for counting the total
number of cells and Sytox™ Orange to monitor cytotoxicity. GFP-labeled CA3153 was used to track hyphal growth over
time. Exemplary time point 6 hours post-infection (hpi) is shown. Images were taken with a Sartorius Incucyte SX5 with
20x magnification. Scale bar, 100 pum.

DS. Gene silencing

1. Seed cells a day before, according to Table 1, and incubate at 37 °C (5% CO.) overnight.

2. Prepare 1x siRNA buffer by diluting 5x siRNA buffer in sterile RNase-free water.

3. Resuspend the acquired siRNA to a 20 uM stock solution using 1x siRNA buffer.

Note: Be sure to include the following controls: mock-transfected cells (untreated cells), siRNA controls (non-targeting
SiRNA), and positive control siRNAs (targeting an endogenous or reporter gene).

4. Prepare a 5 uM siRNA solution in 1x siRNA buffer from your stock solution of 20 uM.

5. In separate tubes, dilute the siRNA (Tube 1) and the appropriate DharmaFECT transfection reagent 1 (Tube 2) with
serum-free medium (96-well plate).
a. Tube 1: Prepare a 10 puL volume of the siRNA in serum-free medium by adding 0.5 pL of 5 uM siRNA to 9.5 pL of
serum-free medium.
b. Tube 2: Prepare a 10 puL volume of diluted DharmaFECT transfection reagent 1 in serum-free medium.
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Note: Depending on the cell line and cell density, the DharmaFECT reagent amount can vary. Check the manufacturer’s
instructions.

6. Gently mix the contents of each tube by pipetting carefully up and down. Incubate for 5 min at room temperature.

7. Add the contents of Tube 1 to Tube 2. Mix by pipetting carefully up and down and incubate for 20 min. Then, add 80 puL
of antibiotic-free complete medium for a total volume of 100 pL of transfection medium (96-well plate).

8. Remove culture medium from the wells and add 100 pL of the appropriate transfection medium to each well.

9. Incubate cells at 37 °C in 5% CO, for 24 h (for mRNA analysis).

D6. Isolation of RNA for expression analysis
Note: Use RNaseZap™ to wipe and decontaminate all pipettes and workstations.

1. Sample harvest

a. Remove culture medium.

b. Add 300 pL (6-well plate) of RLT buffer (from RNeasy Mini Kit), containing 1% B-mercaptoethanol.

Note: Work quickly when the RLT buffer is on the living cells, as the cells react to the RLT buffer and could change their
transcriptional profile.

c. Detach cells using a cell scraper.

d. Store at -80 °C until RNA isolation.

2. Purification of total RNA (adapted from RNeasy Mini Kit)

a. Thaw samples on ice.

b. Add 300 pL of 70% ethanol to a new tube and add your sample.

¢. Mix well by pipetting and subject the mixture to a spin column.

d. Centrifuge at 10,000x g for 30 s; discard flowthrough.

e. Add 700 puL of RW1 buffer into the column.

f. Centrifuge at 10,000x g for 30 s; discard flowthrough.

g. Add 500 pL of RPE buffer to the column.

h. Centrifuge at 10,000x g for 30 s; discard flowthrough.

i. Add 500 puL of RPE buffer to the column.

j- Centrifuge at 10,000x g for 2 min, discard the flowthrough, and centrifuge for 1 min at maximum speed to dry the
membrane.

k. Place the column into a new microcentrifuge tube and add 87.5 pL of nuclease-free water to the membrane. Incubate for
1 min.

1. Centrifuge at 10,000x g for 1 min to elute the RNA.

m. Measure total RNA on NanoDrop.

n. Store at -80 °C until further use.

3. RNA clean-up (adapted from RNeasy Mini kit)

a. Thaw RNA on ice.

b. Add 10 pL of RDD buffer (from RNase-Free DNase set) to your RNA sample and mix gently.

c. Add 2.5 uL of DNase I (from RNase-Free DNase set) and mix several times very gently by pipetting.

Note: Avoid vortex since it will deactivate the DNase.

d. Incubate the sample for 30 min.

e. Add 350 puL of RLT buffer, mix well, add 250 pL of 70% ethanol, mix well, and subject the solution to the column.
f. Centrifuge at 13,200x g for 30 s, discard the flowthrough, and reuse the collection tube.

g. Add 500 pL of RPE buffer to the column, centrifuge at 13,200x g for 30 s, discard the flowthrough, and reuse the collection
tube. Repeat this step and increase the centrifugation time to 2 min.

h. Centrifuge the empty column at 13,200x g for 1 min to get rid of residual impurities from your column.

i. To collect pure RNA samples, add 40 pL of nuclease-free water (from RNeasy Mini kit).

j. Incubate for 1 min.

k. Centrifuge at 13,200% g for 30 s.

1. Repeat steps D6.3i—k.

m. Measure total RNA and its purity on NanoDrop.
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4. cDNA synthesis

a. Determine the volume containing 500 ng of RNA and combine with water for a total volume of 20 pL.
b. Add 1 pL of Oligo-dT.

c. Incubate at 70 °C for 10 min with the lid set to 95 °C in a thermocycler.

d. Meanwhile, prepare cDNA synthesis mix (12 pL each sample):

* 7 uL of 5x first-strand buffer

*2ulL of 0.1 M DTT

* 1 uL of reverse transcriptase Superscript 111

e 1 uL of ANTP

¢ 1 uL of RNaseOUT™

e. Place cDNA samples on ice for 2 min.

f. Add 12 pL of cDNA synthesis mix for each sample.

g. Incubate samples for 2 h at 42 °C, then 15 min at 70 °C, and then 4 °C until further use.
h. Dilute the cDNA 1:5 (33 puL + 132 pL of DEPC water).

5. RT-gPCR

a. Prepare primers to a working solution of 10 pM.

b. Add 1 pL of cDNA to the PCR plate.

c. Prepare master mix (each sample):

» Add RNase-free water to a final volume of 20 pL

* Add forward primer for a final concentration of 400 nM

» Add reverse primer for a final concentration of 400 nM

* 10 uL of GoTaq® gPCR master mix

d. Spin down the samples.

e. Add 19 pL of master mix to the respective wells.

f. Seal the plate and centrifuge at 250% g for 3 min.

g. Perform qPCR using a CFX instrument and run the plate according to the following cycling conditions: denaturation at
95 °C for 15 min, followed by 40 cycles of 95 °C for 15 s, 60 °C for 30 s, and 72 °C for 30 s. Melting curve analysis is done
as follows: 15 s at 65 °C with an increase of 0.5 °C each cycle to 95 °C.

D7. Quantifying downstream neutrophil recruitment

1. hTERT-immortalized human umbilical cord vein endothelial cells (HUVECs/TERT 2) seeding (day 1)

a. Handle cells as instructed (ATCC) and seed at a density of 2 x 10 cells (200 pL) in a transwell insert with a 3 pm pore
size already pre-coated with collagen A (1:20) for 1 h at 37 °C. Incubate at 37 °C with 5% CO, in EBM with supplement
kit and 100 U/mL Pen/Strep two days before the chemotaxis assay.

b. Add 600 pL of the same medium into the bottom compartment.

2. Human polymorphonuclear neutrophil isolation and staining (day 3)

a. Isolate neutrophils from the blood of healthy volunteers using density gradient centrifugation by using lymphocyte
separation medium as described in [62].

b. Resuspend the neutrophils in RPMI and count. Add 2 uL of Cytopainter green stock (2 uL/mL) solution to 1 x 10°
neutrophils. Wash the stained neutrophils once using HBSS (pH 7) with 20 mM HEPES buffer, followed by centrifugation
(300x g for 10 min).

3. Stimuli addition (day 3)

a. Remove the medium from the transwell and add 200 pL of 5 x 10>/mL stained neutrophils.

b. Replace the medium from the bottom with 600 pL of stimuli (A-431 cell supernatant is used here, generated as mentioned
above).

Note: Use 100 ng/mL recombinant human IL-8 (Immunotools) as a positive control.

c. Incubate for 2 h at 37 °C in a cell culture incubator.

d. Image the bottom of the well at 20x magnification at several positions (e.g., Incucyte SX5, Basic, 20x, acquisition time:
300 ms, Figure 5).

Cite as: Grof}, V. E. et al. (2026). An In Vitro A-431 Epithelial Cell Infection Model for Studying Fungal 12
Pathogenicity and Immune Responses Associated With Vulvovaginal Candidiasis. Bio-protocol 16(10): e5693.
DOI: 10.21769/BioProtoc.5693



blb-pl‘OtOCOI Published: May 20, 2026

A-431 supernatant
Control infected with SC5314 100 ng/mL IL-8

Neutrophils

Figure 5. Example images of neutrophil migration under stimulation. Green dots represent Cytopainter Green-stained
neutrophils that were attracted and then migrated through the transwell membrane after 2 h of stimulation. Images were
taken with a Sartorius Incucyte SX5 with 20x magnification. Scale bar, 200 pum.

Data analysis

The number of biological replicates highly depends on the expected effect size, the research question, and experimental
reproducibility. We recommend performing at least three independent biological replicates with two or more technical
replicates per experiment. Always include a control without fungus (cells only). The statistical methods strongly depend on
the research question to be answered and the experimental design. For example, comparing cytotoxicity of C. albicans
isolates would require one-way ANOVA or a nonparametric version of ANOVA, depending on whether the data are
normally distributed. Whereas for analysis of drug interventions and vehicle controls or time-course experiments, a two-
way ANOVA would be appropriate.

1. Assessing inflammatory response and cell cytotoxicity by measuring LDH levels and cytokines

Quantification of GM-CSF, IL-1Ra, IL-1a, and IL-8 release is performed according to the manufacturer’s protocol (available
at the R&D website) (Figure 6A). LDH can be measured using any plate reader with a filter for 490 nm, including a reference
wavelength at 660 nm. Use the standard curve to calculate the concentration of LDH in every sample (Figure 6B). Data were
plotted using GraphPad Prism v10.

2. Evaluating cell death and hyphal growth from live-cell imaging using the Incucyte 2024B software
Note: The Incucyte can image multiple parts of the well. If feasible, we recommend recording at least two positions per well.
For every condition, two or more technical replicates are recommended, and at least three biological replicates.

Incucyte live-cell imaging of hyphal growth was performed as described in Wurster et al. [63] for brightfield/phase contrast
and fluorescence-tagged fungi. For a detailed analysis of masking fluorescently labeled cells, we referred to Sartorius’s
Analysis Guidelines: Technical Note Incucyte® Live-Cell Analysis System. Once the images are loaded in Sartorius software,
adjust the intensity of every channel and apply spectral unmixing if needed. Launch a new analysis by either choosing the
basic analyzer for cell death or Neurotrack for hyphal growth, including the required channels, and select images from
different time points and conditions. The analysis definition depends on your needs, but use the mentioned references to get
a first impression. After the analysis is done, data such as cell counts or hyphal length can be imported into other software
for further representation and statistical analysis. The values after reaching saturation should be considered with care. For
evaluating cell death, we recommend normalizing the number of dead cells to the total number of initial cells and subtract
the background (total cell number at time point 0; Figure 6C, D).
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Figure 6. Possible readouts of the A-431 infection model. Different endpoint analyses, such as cytokine release (A) or
cytotoxicity (B), can be determined after infection with different Candida strains in the cell supernatant. Live-cell imaging
allows tracking hyphal growth (C) and A-431 cell death events (D) over time during infection. Data is shown as mean +
SEM, n > 3.

3. RT-qPCR

Quantify the relative gene expression through the comparative Ct (AACT) method via manual calculation in Excel. The
expression levels are normalized to the housekeeping gene and the control sample. The fold change of each gene is plotted
using GraphPad Prism v10.

4. Neutrophil attraction

Quantification of the number of Cytopainter green-positive events is processed by the Incucyte Sartorius Basic Analyzer
software. New analysis can be launched as described above (as in Data analysis, section 2). Data is plotted using GraphPad
Prism v10. In case of an alternative imaging setup, analysis can also be performed in Fiji [60], as quantification is based on
counting green events.

Validation of protocol

This protocol (or parts of it) has been used and validated in the following research article(s):

* Pekmezovic et al. [41]. Candida pathogens induce protective mitochondria-associated type I interferon signalling and a
damage-driven response in vaginal epithelial cells. Nature Microbiology (Figures 1-6).

* Valentine et al. [40]. Nanobody-mediated neutralization of candidalysin prevents epithelial damage and inflammatory
responses that drive vulvovaginal candidiasis pathogenesis. mBio (Figures 2, 3, and 5)

* Hitzler et al. [42]. Host albumin redirects Candida albicans metabolism to engage an alternative pathogenicity pathway.
Nature Communications (Figures 1b, c, e; Figure 2c—e; Figure 3h, I, Figure 4d—g; Figure 7a, b, e; Figure 8b—f)
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* Pekmezovic et al. [39]. Human albumin enhances the pathogenic potential of Candida glabrata on vaginal epithelial cells
PLoS Pathogens (Figure 1; Figure 2B—G; Figure 3; Figure 4A; Figure 5A, C; Figure 6, Figure 7)

* Valentine et al. [38]. Probiotic Lactobacillus Species Modulate Immune Responses During Vaginal Epithelial Cell
Colonization. Journal of Infectious Diseases (Figures 1 and 2)

* Rosati, Valentine et al. [43]. Lactic acid in the vaginal milieu modulates the Candida-host interaction. Virulence (Figure
1E-H)

General notes and troubleshooting

1. If not stated otherwise, all steps are performed at room temperature (approximately 20 °C).
2. Note that while measuring cytotoxicity or cytokine release, each plate should contain its own standard curve to avoid
discrepancies due to material variations or timing.
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