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Virulenceshifts of Candida albicans biofilms induced by ethinylestradiol/drospirenone contraceptive
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ABSTRACT

It is estimated that approximately 167 million women worldwide use combined oral
contraceptive (COC). In United States, products containing ethinylestradiol plus
drospirenone (EE+DRSP) moved about US$ 616 million in 2008. There is evidence
that contraceptives increase the virulence of Candida albicans. However, modulation of
fungal virulence by drospirenone-containing COC remains unknown. The objective
of this study was to evaluate whether virulence factors are increased when C. albicans
is exposed to EE+DRSP. The ATCC®90028™, SC5314 and 15A2 strains were grown
in the presence of EE+DRSP at 10 nM:10 uM, 50 nM:50 uM, and 100 nM:100 uM
under continuous flow in a dedicated bioreactor for biofilm growth. 72-h biofilms
were evaluated in relation to their proteolytic capacities, biomass production (MTT
reduction assay), and induction of germ-tube formation and measurements of agar
invasion. Only 50 nM:50 uM EE+DRSP caused reductions in biomass (p=0.023);
the other did not promote any change (p>0.05). The contraceptive exposure was
insufficient to cause any increase in germ tubes induction (p>0.05). There was a
concentration-dependent increment in the hyphae invasiveness. On the other hand,
the proteolytic activity increased in a concentration-dependent manner (p<0.01).
When exposed to EE4+DRSP, Candida albicans strains do not form greater amounts of
biofilm, neither generate more germ tubes, nor become more invasive; however, they
secrete greater quantities of proteases, which facilitate the adhesion and invasion of
tissue.
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INTRODUCTION

It is estimated that approximately 167
million women aged 15-49 y.0. use
combined oral contraceptives (COC)
worldwide!. In the United States, it is
the method chosen by at least 17.3% of
women aged 15-44 y.0.? and the mar-
ket of COC containing ethinylestradiol
plus drospirenone (EE+DRSP) han-
dled about US$ 616 million, in 20083.
In Great Britain, 16% of women aged
16-49 y.o. use COC*. In Japan, 1.3% of
women in the same age group use such
medicines®. In Brazil, 81% of women
living under some form of union use
COC for contraception purposes®.

These drugs are used throughout fertile
female life, which implies in quasi-con-
tinuous exposure to hormone analogs
in concentrations higher than those
considered physiological. Under the
therapeutic point-of-view, maintaining
such high concentrations ensures the
temporary suspension of ovulation,
but can also incur in side effects. One
of the least prospected is the modula-
tion of microbial virulence. Various mi-
croorganisms as Trichomonas vaginalis,
Pseudomonas aeruginosa and Candida
albicans have rudimentary receptors,
called estrogen-binding proteins’!°. Re-
garding the latter organism, it is known
that yeast to hyphae morphogenic tran-
sition is influenced by estrogen with in-
creasing rate of germ tubes formation!!
as well as in the length of those®.

Some steroids as alpha-estradiol, be-
ta-estradiol, estriol, ethinylestradiol,
cholesterol, and testosterone have been
evaluated in relation to their ability to
induce germ tube production®!!. Other
steroids used as contraceptive agents
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need to be evaluated, amongst them,
the drospirenone (DRSP).

The possibility of modulating fungal
virulence by DRSP remains unknown.
Therefore, the objective of this study
was to evaluate whether virulence
factors such as biofilm formation, se-
cretion of proteases, induction of
germ-tubes, and agar invasion are in-
cremented when the fungus is exposed
to EE+DRSP.

MATERIAL AND METHODS

Candida albicans strains

The reference strains ATCC®90028™
and SC5314 and the clinical strain
15A2 were used. Those strains were se-
lected for this study once their virulent

potential is well known and characte-
rized!>13.

Steroids

A stock solution of 1 uM ethinylestra-
diol (EE; CAS 57-63-6) and 1 mM dros-
pirenone (DRSP; CAS 67392-87-4) was
prepared in methanol. Working dilu-
tions containing EE+DRSP were pre-
pared at concentrations of 10 nM:10
uM (sub-pharmacological concentra-
tion), 50 nM:50 uM (pharmacological
concentration) and 100 nM:100 uM
(suprapharmacological concentration).
These dilutions were prepared in YNB
w/0 amino acids (BD Co., Franklin
Lakes, NJ). As control, YNB culture
medium without steroid was used.

Cell adaptation

The three strains were grown in YNB
(control) and YNB supplemented with
EE+DRSP in different concentrations
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(experimental groups). A loopful of
each strain was transferred to 50 mL
of media and incubated at 37°C, for
72 h, at 200 rpm and normoxia (80%
N24+20% O,). Cells were harvested by
centrifugation (5,000 x g) and washed
three times with sterile 145 mM NacCl.
Therefore, they were resuspended in
sterile 145 mM NaCl until ca. 3x107
cells mL! (ODgpy = 0.5) and used im-
mediately.

Formation of biofilms under dynamic flow

A qualitative filter paper disc of 80 mm
was sterilized in autoclave and oven
dried. On it were dispensed 30 sterile
0.5mm antibiogram discs (Cefar Dia-
gnostics Ltd, Sao Paulo, Brazil), to co-
ver its periphery, but without any con-
tact. In such antibiogram discs, 10 uL
aliquots of suspensions grown in the
presence of EE+DRSP or control were
dispensed.

This set was inserted into a Paper Em-
bed Biofilm Reactor (Figure 1) recei-
ving continuous flow of YNB (control
group) or YNB+EE+DRSP (experi-
mental groups) in the flow ca. 100 uL
min-'. The disks were incubated at 37°C
for 72 h'.

0.22 pm filter

ey ‘\ Culture
\\ broth

Figure 1. Paper Embed Biofilm Reactor (PEBR).
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Secretion of proteases

After incubation, the systems were re-
moved and 15 of each bioreactor discs
were removed and inserted vertically
into 1.5 mL microtubes. The wells were
filled with 800 uL of a solution contai-
ning 0.2 mg mL! BSA, 10 nM sodium
citrate and 10 nM citric acid buffer (pH
5.0) and incubated at 37°C, for 4 h and
100 rpm. After the digestion time, ali-
quots of 100 uL of supernatants were
combined with 100 uL Coomassie
solution (0.025% Coomassie brilliant
G-250, 11.75% ethanol, 21.25% phos-
phoric acid) in 96 wells flat bottom mi-
crotiter plates. After 5 min, the absor-
bances were measures at 540 nm. As
controls, there were used Coomassie
plus saline (blank) and BSA-citrate
plus Coomassie (basal concentration).
One enzyme unit was arbitrarily deter-
mined as the amount of enzyme able
to promote digestion of 1 ug BSA.mL"!
min'. Proteolytic activity units by ab-
sorbances of MTT reduction (below
described) were taken as specific pro-
teolytic activities'.

Estimative of biomass

After the incubation, with the disassem-
bled systems, another 15 of each bio-
reactor discs were removed and placed
vertically in 96 wells U bottom micro-
plates. The wells were filled with 100
uL of 1 mg min' MTT. Control wells,
containing sterile discs without biofilm,
also received MTT. Plates were incuba-
ted in the dark at 37°C, for 4 h and 100
rpm. After the incubation, unreactive
MTT was aspirated and 200 uL of iso-
propyl alcohol were added. After 5 min,
100 uL of the supernatant were trans-
ferred to 96 wells flat bottom microtiter
plates and the absorbances were mea-



sured at 540 nm.

Induction germ tube formation

Fifteen-milliliter aliquots of fresh adap-
ted cell suspensions were washed three
times with sterile 145 mM NaCl. Cell
numbers were determined using an im-
proved Neubauer hemacytometer (Inlab
Conf., Sao Paulo, Brazil). Cells were set
at a density of 5x10° cells mL! in 15
mL of preheated (37°C) 1% BSA-YNB
with or without EE+DRSP. The cultures
were incubated for 5 h, at 37 °C and 200
rpm. Cells were fixed in 1% (vol vol?)
glutaraldehyde and stained with lacto-
phenol blue.

The percentage of germ tube formation
was determined microscopically by eva-
luation of 100 cells per culture. Germ
tubes with lengths equal to or greater
than the parental cells were measured
microscopically using a micrometer cou-
pled to a Nikon LabOPhot-2 microscope
eyepiece (Nikon Co., Tokyo, Japan).
Two observers conducted the scores.
Intra-observer agreement (Obs;, kap-
pa=0.85; Obs,, kappa=0.88) and in-
ter-observer (kappa=0.87) values show
good agreement. One-hundred cells
were randomly measured for each treat-
ment and three replicates were used for
each culture condition. The arithmetic
average of germ tube lengths was calcu-
lated and compared amongst the diffe-
rent treatments.

Agar invasion

Aliquots of 5 uL of appropriate sus-
pensions of C. albicans strains were dis-
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pensed at 10 different points of a culture
medium containing 2% glucose, 1.5%
agar, 1% BSA and EE+DRSP (10 nM:10
uM, 50 nM:100 uM and 50 uM:100 uM),
in triplicate. The volume of culture me-
dium per plate was ca. 25 mL. Plates
were sealed with plastic wrap to prevent
drying and were incubated statically at
37°C in a normoxic atmosphere for 14
days. As control, we used the same me-
dium without addition of EE+DRSP.
After the incubation/invasion time, the
colonies were gently removed with tis-
sue paper. Once clean, the invasion ha-
los were measured with digital calipers
using N-S and E-W cardinal orientation.
The average values of six measurements
were used for further calculations.

Statistics

Data from biomass measurement, pro-
teolytic activity, germ tube formation
and invasiveness were tested for nor-
mal distribution using the Kolmogo-
rov-Smirnov test. As distributions were
considered normal, the different treat-
ments were compared by Tukey test. All
tests were conducted with a 5% signifi-
cance level.

It was used the statistical package SPSS
24.0 (IBM Co., Westchester, NY).

RESULTS

Figure 2 shows the dispersion of the
grouped average biomasses of the three
strains versus the sum of the grouped
average proteolytic activity for each
treatment and control.
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Figure 2. Spatial distribution of biomasses and proteolytic activities of C. albicans bio-
films grown in presence of EE4+DRSP. In the embedded table, different upper-written
letters denote statistical discrepancies (p<0.05) amongst contraceptive concentrations.

In terms of biomass, it was observed
that only at pharmacological concentra-
tion, EE4+DRSP reduced biofilm forma-
tion compared to the control without
any steroid (p=0.023). Moreover, the
increased concentration led significant
increases in virulence, in terms of prote-
olysis (p<0.01). The proteolytic activity
was increased by EE+DRSP in a con-
centration-dependent manner.

The percentages of cells that showed
germ tube without exposure to
EE+DRSP were 23% (ATCC®90028™),
25% (SC5314), and 39% (15A2). With
exposure to EE+DRSP the values were
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26% (ATCC®90028™), 24% (SC5314),
and 37% (15A2), with no statistically
significant differences between steroid
presence and absence.

Regarding germ tube length, there
were no changes resulting from ex-
posure to xenobiotics, for any of the
strains (p=0.670). The germ tubes of
controls had average sizes of 12.1+2.4
um (ATCC®90028™), 13.4*2.8 um
(SC5314), and 11.0=1.9 um (15A2).
Exposure to EE+DRSP changed the
length to 11.6+3.0 um (ATCC®90028™),
14.5+2.8 um (SC5314), and 12.9%3.2
wm (15A2).
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Figure 3. Multiple comparisons of hyphal invasiveness in presence of EE+DRSP.

The radial values of invasion halos of C.
albicans hyphae ranged from 7.56 mm
to 24.06 mm, for different EE+DRSP
concentrations. The combination con-
taining 10nM:10uM EE+DRSP did not
differ from controls (p=0.406) (Figure
3). The experimental group containing
five times more steroid (50 nM:50 uM
EE+DRSP) showed lower potential in-
vasiveness compared with the control
(p=0.012). The tenfold increase in the
concentration of steroids (100 nM:100
uM EE+DRSP) promoted a marked re-
duction in invasiveness (p<0.0001),
compared to control. The concentra-
tions 50 nM:50 uM and 10 nM:10 uM
showed no significant differences be-
tween themselves (p=0.308).

DISCUSSION

Although there are reports of virulence
increments triggered by contracep-
tives's, to our knowledge, this study is

the first in relation to biofilm formation
and secretion of fungal proteases.

This pioneering study revealed that
when exposed to EE+DRSP, ¢ albicans ce]]s
do not increase the biomass of resulting
biofilms and, when there was a change,
involved a reduction of such biomass.
In addition, exposure to contraceptives
was not sufficient to cause any increase
in the induction of germ tubes. This, in
principle, was considered unexpected
since other groups published earlier that
female estrogenic hormones may induce
increases in the number of cells with
these structures®!'. However, DRSP is
a modern drug'’, with which it seeks a
better contraceptive coverage with min-
imum side effects'®. Its structure and
activity make it different from other
contraceptives used previously'. Unlike
other contraceptives, DRSP has a signi-
ficant anti-androgenic action®. Prelimi-
nary data from our laboratory show that
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androgenic agents greatly increase the
formation of hyphae arising from germ
tubes (unpublished data). Here, it has
been shown that the EE+DRSP associ-
ation exerts no enhancer effect on viru-
lence related to mycelial.

Moreover, there was a higher proteolytic
activity when the cells were challenged
with contraceptives and this ratio was
dose-dependent. When C. albicans strains
are exposed to suprapharmacological
concentrations, it may occur the expres-
sion of genes encoding the transcription
factors EFG1, CPH1, and TUP1 which
upregulate yeast dimorphic transition to
filamentous growth?!. The same factors
co-induce transcription of various pro-
teases??. Further studies should be con-
ducted to evaluate these transcription
factors when exposed to EE+DRSP.

As important as the increase in the glo-
bal proteolytic activity is the specific
protease activity (SPA), which shows
the extent of the action of xenobiotics in
the cells. All challenges with EE+DRSP
positively modulate the secretion of
proteases. Of note, the concentration 50
nM:50 uM incurred in higher values for
SPA. This higher proportional secretion
certainly confers a worse prognosis in
terms of tissue destruction.

The obtained results showed that with
the increase in the concentrations of ste-
roids of five and ten times order, there
is a tendency to reduce the hyphal in-
vasiveness. This reduction in invasive-
ness was totally unexpected because
previously published studies predicted
for the possibility of increasing the pro-
duction rate of hyphae in the presence
of steroid molecules®!'!. However, when
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analyzed carefully, some differences in
experimental driving can be decisive for
such discrepancies. First, the cited stu-
dies®!! evaluated the formation of germ
tubes (first stage of hyphae formation)
in a liquid environment while here it
was done on semi-solid substrate, which
refers to the reality regarding the tissue
invasion. Second, they employed both
17-B-estradiol, a molecule with chemi-
cal, pharmacokinetic, and pharmacody-
namic characteristics diverse from the
ones tested here!*?3.

The clinical impact of a concentra-
tion-dependent reduction in hyphae
formation is interesting. We obtained a
significant reduction for 50 nM:50 uM
EE+DRSP in relation to control. Such
concentration is close to the plasma
concentration found in women under
contraceptive therapy'®?*. The associa-
tion of steroids in concentrations close
to those of tissue distribution may inter-
fere with fungal metabolism, providing a
retarding in the rate of mycelial growth.
Concluding, when exposed com-
bined oral contraceptives containing
EE+DRSP C. albicans does not form
greater amounts of biofilm, either ge-
nerates more germ tubes or becomes
invasive. However, it secretes higher
amounts of proteases, which may facili-
tate fungal adhesion and tissue invasion.
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