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The combination of fluconazole (FLC) and cyclosporine (CY) is fungicidal in FLC-susceptible C. albicans (O.
Marchetti, P. Moreillon, M. P. Glauser, J. Bille, and D. Sanglard, Antimicrob. Agents Chemother. 44:2373-
2381, 2000). The mechanism of this synergism is unknown. CY has several cellular targets including multidrug
efflux transporters. The hypothesis that CY might inhibit FLC efflux was investigated by comparing the effect
of FLC-CY in FLC-susceptible parent CAF2-1 (FLC MIC, 0.25 mg/liter) and in FLC-hypersusceptible mutant
DSY1024 (FLC MIC, 0.03 mg/liter), in which the CDR1, CDR2, CaMDR1, and FLU1 transporter genes have
been selectively deleted. We postulated that a loss of the fungicidal effect of FLC-CY in DSY1024 would confirm
the roles of these efflux pumps. Time-kill curve studies showed a more potent fungistatic effect of FLC (P � 0.05
at 48 h with an inoculum of 103 CFU/ml) and a more rapid fungicidal effect of FLC-CY (P � 0.05 at 24 h with
an inoculum of 103 CFU/ml) in the FLC-hypersusceptible mutant compared to those in the parent. Rats with
experimental endocarditis were treated for 2 or 5 days with high-dose FLC, high-dose CY, or both drugs
combined. FLC monotherapy for 5 days was more effective against the hypersusceptible mutant than against
the parent. However, the addition of CY to FLC still conferred a therapeutic advantage in animals infected with
mutant DSY1024, as indicated by better survival (P � 0.04 versus the results obtained with FLC) and
sterilization of valves and kidneys after a very short (2-day) treatment (P � 0.009 and 0.002, respectively,
versus the results obtained with FLC). Both in vitro and in vivo experiments consistently showed that the
deletion of the four membrane transporters in DSY1024 did not result in loss of the fungicidal effect of
FLC-CY. Yet, the accelerated killing in the mutant suggested a “dual-hit” mechanism involving FLC hyper-
susceptibility due to the efflux pump elimination and fungicidal activity conferred by CY. Thus, inhibition of
multidrug efflux transporters encoded by CDR1, CDR2, CaMDR1, and FLU1 genes is not responsible for the
fungicidal synergism of FLC-CY. Other cellular targets must be considered.

Progress in modern medicine has led to a worldwide in-
crease in the incidence of Candida infections (2, 25). Ampho-
tericin B, a fungicidal agent, has been the standard treatment
for these infections for decades, but the toxicity of its conven-
tional form and the costs of its lipid forms limit its use. Other
antifungal agents, such as azoles, have excellent efficacy-toxic-
ity profiles and play an important role in the treatment of
candidal infections in nonneutropenic patients, although they
have mostly fungistatic activities (13, 18, 19). However, the
treatment of candidiasis during neutropenia and the emer-
gence of azole-resistant Candida species continue to represent
major challenges (1, 17, 19, 25–27). Thus, new therapeutic
strategies need to be developed. In Candida albicans, efflux
pumps play a major role in azole susceptibility and may rep-
resent a new therapeutic target (22). Promising results were
reported in studies in which efflux of cytotoxic agents was
inhibited in multiresistant human cancer cells (10, 24). As
mammalian and fungal multidrug efflux transporters (METs)
have strong structural homologies, human efflux pump inhibi-
tors were screened in vitro to determine whether they have

synergistic activities with fluconazole (FLC) against C. albi-
cans. We found that the combination of FLC and cyclosporine
(CY) is fungicidal against FLC-susceptible C. albicans strains
(13). This powerful synergism was confirmed in experimental
endocarditis. The association of FLC and CY was fungicidal
against infection in aortic valve vegetations, a model of local-
ized neutropenia, as well as in the kidney, an organ with a
neutrophil-phagocytic host response (11). Although this phe-
nomenon was discovered during the screening of inhibitors of
efflux pumps in cancer cells, the mechanism of the synergism of
FLC and CY in C. albicans is unknown. CY has several cellular
targets including the cell membrane, METs, and the cyclophi-
lin-calmodulin-calcineurin pathway. Thus, its interaction with
FLC might intervene at different sites (9). The objective of the
present work was to investigate the involvement of METs
encoded by the CDR1, CDR2, CaMDR1, and FLU1 genes,
which have been found to mediate FLC efflux in C. albicans.
We postulated that their deletion would result in the loss of the
fungicidal synergism of FLC-CY. For this purpose, the in vitro
and in vivo activities of the combination of FLC and CY were
compared against FLC-susceptible parent strain C. albicans
CAF2-1 and FLC-hypersusceptible mutant C. albicans
DSY1024, obtained by targeted deletion of the MET genes
CDR1, CDR2, CaMDR1, and FLU1 (3, 21).
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MATERIALS AND METHODS

Strains, media, and growth conditions. The following isolates were used: C.
albicans CAF2-1 (Ura� parental strain; FLC MIC, 0.25 mg/liter (6), C. albicans
DSY1024 (cdr1�::hisG/cdr1�::hisG cdr2�::hisG/cdr2�::hisG camdr1�::hisG/
camdr1�::hisG flu1�::hisG/flu1�::hisG-URA3-hisG, constructed by making tar-
geted gene deletions in parent strain CAF4-2; FLC MIC, 0.03 mg/liter) (3, 21),
and C. albicans ATCC 90028 (a quality control strain used for in vitro suscep-
tibility testing; FLC MIC, 0.25 to 1 mg/liter) (16).

Isolates were stocked at �70°C in liquid medium supplemented with 10%
(vol/vol) glycerol, maintained at 4°C, and subcultured twice at 35°C before each
experiment.

Sabouraud liquid medium (Diagnostics Pasteur, Marnes la Coquette, France)
was used for overnight growth in a shaking incubator at 30°C and 200 rpm.

Plates containing Sabouraud dextrose with 2% agar (Difco, Basel, Switzer-
land) were used to maintain or subculture the tested strains and for colony-
counting studies.

RPMI 1640 with L-glutamine without bicarbonate (Difco) buffered with 0.165
M morpholinepropanesulfonic acid (Fluka, Basel, Switzerland) was used for
MIC determinations and time-kill curve studies (16).

Drugs and reagents. FLC for in vitro testing was kindly provided by Pfizer
(Sandwich, United Kingdom). FLC for intravenous administration (Diflucan) for
in vivo experiments was purchased from Pfizer (Zürich, Switzerland). CY for in
vitro studies was purchased from Sigma (Buchs, Switzerland). CY for intrave-
nous administration (Sandimmun) for in vivo treatments was purchased from
Novartis Pharma (Basel, Switzerland).

A CY stock solution was constituted in dimethyl sulfoxide (1 mg/liter) and
further diluted in H2O or RPMI 1640, as appropriate. All other chemicals were
commercially available reagent-grade products.

Susceptibility testing. The MICs were determined by broth microdilution
according to the recommendations outlined in NCCLS approved standard
M27-A (16).

Time-kill curve studies. C. albicans CAF2-1 and C. albicans DSY1024 were
tested in RPMI 1640 by broth macrodilution under experimental conditions
identical to those recommended by the NCCLS for MIC testing (16). The strains
were grown overnight at 30°C and 200 rpm. Tubes (10 ml) containing CY (0.6
mg/liter), FLC (10 mg/liter), or FLC-CY (10 and 0.6 mg/liter, respectively) at
concentrations achievable in vivo and 103 or 105 CFU of the tested isolate per ml
were incubated at 35°C. To study the effects of these different treatments on
viable counts after 12, 24, and 48 h of incubation, an aliquot (100 �l) from each
test tube was subcultured after serial dilution on Sabouraud dextrose agar plates
and incubated for 48 h at 35°C (13). Any decrease in the viable counts of the
starting inoculum was considered killing. Killing of �99.9% (3 logs) of the
starting inoculum was defined as a fungicidal effect (15). Since the limit of
detection was 101 CFU/ml, the presence of a fungicidal effect (a �3-log decrease
in viable counts) could be evaluated only in experiments with an initial inoculum
of 105 CFU/ml. The results were reported as the mean colony counts from
triplicate experiments.

Experimental endocarditis. Female Wistar rats (weight, 200 g; Iffa Credo,
Lyon, France) with sterile catheter-induced aortic valve vegetations were chal-
lenged intravenously, as reported previously (8, 11), with 6 � 105 CFU of C.
albicans CAF2-1 or DSY1024. Treatment was started at 12 h postchallenge and
was administered for 2 or 5 days. To assess the baseline infectious load, control
animals were killed at the 12-h time point. The following high-dose regimens
were administered once daily to rats infected with CAF2-1 or DSY1024: FLC at
20 mg/kg of body weight/day intraperitoneally (n � 12), CY at 10 mg/kg/day
subcutaneously (n � 6), or FLC at 20 mg/kg/day intraperitoneally plus CY at 10
mg/kg/day subcutaneously (n � 9). To monitor the natural course of infection,
untreated animals infected with CAF2-1 or DSY1024 were studied (n � 6
animals for each strain). Survival in the different groups was recorded daily. Day
0 corresponded to treatment onset; day 5 corresponded to the end of observa-
tion. Moribund animals were killed, and the following day was recorded as the
time of death. Rats receiving FLC, CY, or FLC-CY were killed 24 h after the
second drug administration (2-day treatment) or 48 h after the fifth drug admin-
istration (5-day treatment) in order to ensure drug washout and avoid carryover
onto the plates for viable count studies, as shown previously (11). The data for
animals undergoing scheduled killing were censored for survival analysis. Aortic
valve vegetations and kidneys were dissected, weighed, homogenized in 1 and 2
ml of saline, respectively, serially diluted, and plated. Candida colony counts
were recorded after a 3-day incubation at 35°C. Fungal densities were calculated
by a previously used formula (11) and expressed as log10 CFU per gram of tissue.
Each treatment experiment with animals infected with either the parent or the
mutant was performed in duplicate.

The susceptibilities to FLC of both the parent and the mutant were tested ex
vivo by using single colonies growing from persistently infected vegetations and
kidneys. The FLC and CY concentrations in the plasma of treated rats were
determined on the first and last days of therapy and at the time of killing, as
described previously (11, 12).

Statistical analysis. The Mann-Whitney test was used to compare viable
counts in time-kill curve studies. Survival curves were compared by the log-rank
test. Fungal densities in tissues were compared by the Mann-Whitney test or the
Kruskal-Wallis analysis of variance on ranks followed by pairwise comparison, as
appropriate. The rates of persistently infected organs were compared by Fisher’s
exact test. All tests were two tailed, and the significance level was set at P � 0.05.
The Bonferroni correction was used for multiple testing.

RESULTS

Time-kill (in vitro) experiments. Time-kill experiments
(Fig. 1A) were performed with 103 CFU of C. albicans CAF2-1
or DSY1024 per ml, the initial inoculum recommended by
present guidelines for antifungal susceptibility testing (16).
The viable counts for the growth controls of both strains were
comparable. The fungistatic effect of FLC was more marked
against the hypersusceptible mutant than against the parent.
The mean viable counts after 48 h of incubation were 3.7 � 104

CFU/ml (range, 2.3 � 104 to 5.5 � 104 CFU/ml) and 3.06 �
105 CFU/ml (range, 1.8 � 104 to 5 � 105 CFU/ml), respectively
(P � 0.05). In contrast, CY alone had no antifungal activity
against either the parent or the mutant. In both strains, the
combination of FLC and CY was fungicidal. However, the
killing effect was accelerated in the mutant compared to that in
the parent. The mean viable counts after 24 h of incubation
were 2.2 � 10 CFU/ml (range, 1.9 � 10 to 2.7 � 10 CFU/ml)
and 1.83 � 102 CFU/ml (range 9 � 10 to 3 � 102 CFU/ml),
respectively (P � 0.05). The results of time-kill curve studies
with an initial inoculum of 105 CFU/ml, a baseline condition
more close to that of the in vivo model of experimental endo-
carditis, are shown in Fig. 1B. In contrast to experiments with
a lower inoculum, no difference in growth inhibition by FLC
alone was found after 48 h of incubation. Killing induced by the
combination of FLC and CY was similar in strains DSY1024
and CAF2-1 after 48 h of incubation (�99.9% decrease in vi-
able counts in both strains). Yet, a trend for a more rapid de-
crease in viable counts was found in the mutant compared to
that in the parent. The mean viable counts at 24 h were 1.16 �
102 CFU/ml (range, 8.6 � 10 to 1.5 � 102 CFU/ml) and 2 � 103

CFU/ml (range, 1 � 103 to 3 � 103 CFU/ml), respectively (P �
0.10).

In vivo experiments. (i) Survival studies with rats with ex-
perimental endocarditis. Figure 2 shows the survival curves for
untreated animals and animals treated with FLC, CY, or
FLC-CY after infection with FLC-susceptible parent strain
CAF2-1 or FLC-hypersusceptible mutant DSY1024. In rats
infected with CAF2-1, 5-day mortality rates with no treatment
(n � 12) and with CY treatment (n � 12) were 100 and 85%,
respectively. The results for animals infected with DSY1024
were identical: no treatment (n � 12) and CY treatment (n �
12) both resulted in 100% mortality at 5 days. FLC (n � 24 for
the group infected with the parent strain, n � 24 for the group
infected with the mutant) and FLC-CY (n � 18 for the group
infected with the parent strain, n � 18 for the group infected
with the mutant) improved rates of survival significantly com-
pared to those for untreated or CY-treated animals infected
with either strain (for the group infected with the parent strain,
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for FLC and FLC-CY versus the control, P � 0.03 and P �
0.008, respectively, and versus CY, P � 0.06 and P � 0.01,
respectively; for the group infected with the mutant, for FLC
and FLC-CY versus the control P � 0.06 and P � 0.0008,
respectively, and versus CY, P � 0.09 and P � 0.0008, respec-
tively). However, no statistically significant survival advantage
was found between FLC and FLC-CY in animals infected with
CAF2-1. In contrast, in animals infected with DSY1024, treat-
ment with the combination of FLC and CY significantly im-
proved the survival rate compared to that after treatment with
FLC alone (P � 0.04).

(ii) Therapeutic results for experimental endocarditis after

a 2-day treatment. Figure 3 summarizes the results observed in
the vegetations and kidneys of untreated animals and animals
receiving FLC or FLC-CY after infection with parent strain
CAF2-1 or mutant DSY1024. The baseline fungal load in both
target organs after infection with CAF2-1 was similar to that in
the organs of rats infected with DSY1024. Among the animals
with endocarditis, only the group infected with DSY1024 and
treated with FLC-CY was successfully cured: all rats had sterile
aortic valve vegetations (P � 0.009 for comparison of fungal
densities, P � 0.0008 for comparison of infection eradication
rates to those for animals infected with DSY1024 and treated
with FLC alone). In all other groups, the fungal densities in the

FIG. 1. Time-kill curves obtained by using an initial inoculum of 103 CFU/ml (A) or 105 CFU/ml (B). The effects of FLC, CY, and FLC-CY
against C. albicans CAF2-1 (susceptible parent; FLC MIC, 0.25 mg/liter [left panels]) and DSY1024 (hypersusceptible efflux-pump deleted mutant;
FLC MIC, 0.03 mg/liter [right panels]) were tested. Mean colony counts and error bars for triplicate experiments are shown.

FIG. 2. Survival studies in rats with experimental endocarditis due to FLC-susceptible parent CAF2-1 (A) and FLC-hypersusceptible mutant
DSY1024 (B). The results for untreated controls and animals receiving CY, FLC, and FLC-CY were compared. The pooled results for duplicate
experiments are shown. Day 0 corresponds to the onset of treatment, and day 5 corresponds to the end of treatment. NS, not significant.
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aortic valves were not different from those in the aortic valves
of the controls at the baseline. In the kidneys of animals in-
fected with strain CAF2-1, FLC was partially effective (P �
0.003 versus the counts for the controls at the baseline) and
FLC-CY was better than FLC alone (P � 0.0008). In rats
infected with mutant DSY1024, the results of treatment with
FLC were similar to those obtained with strain CAF2-1 (P �
0.004 versus the counts for the controls at the baseline). How-
ever, the effect of the combination of FLC and CY was pow-
erful, with the combination sterilizing all organs in DSY1024-
infected rats (P � 0.002 for comparison of fungal densities or
eradication rates to those for FLC-treated animals, P � 0.003
for comparison of fungal densities and P � 0.0006 for com-
parison of infection eradication rates to those for CAF2-1-
infected rats treated with FLC-CY). CY alone had no antifun-
gal activity: as for the untreated controls, the fungal densities
in the vegetations and kidneys of animals infected with either
the parent or the mutant were comparable to those observed at
the baseline (data not shown). The ex vivo FLC MICs for
isolates from all animals with persistently infected valves
and/or kidneys despite FLC or FLC-CY treatment were iden-

tical to those measured before inoculation (0.25 mg/liter for
CAF2-1 and 0.03 mg/liter for DSY1024).

(iii) Therapeutic results for experimental endocarditis after
a 5-day treatment. The results for the 5-day treatments are
shown in Fig. 4. Among the animals with endocarditis, FLC
was effective only against DSY1024, sterilizing the valves of six
of seven (86%) of the animals (P � 0.04 for comparison of
fungal densities and P � 0.003 for comparison of infection
eradication rates to those for the controls at the baseline, P �
0.05 for comparison of fungal densities to those for rats in-
fected with CAF2-1 and treated with FLC). FLC-CY sterilized
most vegetations in rats infected with either CAF2-1 (six of
eight rats; 75%) or DSY1024 (eight of eight rats; 100%). Sig-
nificant differences between FLC-CY-treated rats and the cor-
responding controls at the baseline were found in comparisons
of fungal densities (P � 0.008 for CAF2-1 and P � 0.0007 for
DSY1024, respectively) and infection eradication rates (P �
0.03 for CAF2-1 and P � 0.0009 for DSY1024, respectively).
Moreover, when FLC-CY was compared to FLC in CAF2-1-
infected rats, differences in fungal densities (P � 0.04) and
infection eradication rates (six of eight [75%] versus two of

FIG. 3. Fungal densities in aortic valve vegetations (A) and kidneys (B) after 2 days of treatment for experimental endocarditis due to CAF2-1
or DSY1024. The pooled results of duplicate experiments are shown. Each point represents the fungal density observed in a single animal.
Horizontal bars indicate the median fungal densities for each group.

FIG. 4. Fungal densities in aortic valve vegetations (A) and kidneys (B) after 5 days of treatment for experimental endocarditis due to CAF2-1
or DSY1024. The pooled results of duplicate experiments are shown. Each point represents the fungal density observed in a single animal.
Horizontal bars indicate the median fungal densities for each group.
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nine [22%] rats [P � 0.06]) were found. Although treatment
with FLC was successful in kidneys infected with either strain
(P � 0.0006 for comparison of the fungal densities to those for
the controls at the baseline), this regimen was more effective
against DSY1024 than against CAF2-1 (P � 0.02). The com-
bination of FLC and CY was the most effective treatment,
sterilizing the majority of the organs infected with CAF2-1
(seven of eight; 88%) or DSY1024 (eight of eight; 100%). For
both strains, significant differences were found in a comparison
of the fungal densities to those for the controls at the baseline
(P � 0.0007) or to those for FLC-treated rats (P � 0.0006).
When infection eradication rates were compared to those for
the controls at the baseline, similar differences were found (P
� 0.003 for CAF2-1, P � 0.0007 for DSY1024). CY alone did
not display any activity against the organisms in the vegetations
or in the kidneys of animals infected with either strain: as for
the untreated controls, fungal densities were higher than those
measured at the baseline (data not shown). The ex vivo FLC
MIC for isolates from all animals with persistently infected
valves and/or kidneys despite FLC or FLC-CY treatment were
identical to those measured before inoculation (0.25 mg/liter
for CAF2-1 and 0.03 mg/liter for DSY1024).

DISCUSSION

Efflux pumps belonging to two different classes, the ATP-
binding cassette and the major facilitators, play a major role in
the susceptibilities of yeasts to azole antifungals. Their upregu-
lation results in resistance, and their targeted deletion results
in increased susceptibility (22). The fungicidal synergism of
FLC and CY in FLC-susceptible C. albicans was found during
the screening of mammalian MET inhibitors for potentiation
of the antifungal effect of FLC. Interestingly, despite the lack
of intrinsic antifungal activity, CY conferred a killing effect on
FLC, leaving its MIC unchanged (13). This unusual synergism
of an azole antifungal and an immunosuppressive agent was
confirmed in vivo. The combination of FLC and CY was suc-
cessful in eradicating infection in aortic valve vegetations and
the kidneys in a model of experimental endocarditis (11). How-
ever, the mechanism underlying this observation is unknown.
In other eukaryotic cells, CY has several targets such as mem-
brane-bound multidrug transporters, the cell membrane itself,
and the cyclophilin-calmodulin-calcineurin pathway (7, 14).
The interaction of CY with calcineurin results, for example, in
the inhibition of interleukin-1 synthesis in human T cells and in
cell death in some parasites (23). Four METs encoded by the
CDR1, CDR2, CaMDR1, and FLU1 genes, respectively, have
been identified in C. albicans. As these transporters mediate
FLC efflux, C. albicans strains from which the genes for METs
are deleted show increased susceptibilities to FLC (21). More-
over, according to the initial working hypothesis of FLC efflux
inhibition by CY, a loss of the killing effect conferred by CY
on FLC would be expected in a C. albicans mutant lacking
these METs. The goal of the present work was to compare the
effects of FLC and CY in this FLC-hypersusceptible mutant
(DYS1024; FLC MIC, 0.03 mg/liter) and in the parent strain
(CAF2-1; FLC MIC, 0.25 mg/liter).

Time-kill curves for DSY1024 and CAF2-1 with an inoculum
of 103 CFU/ml showed the enhanced inhibitory effect of
FLC induced by the targeted deletion of the CDR1, CDR2,

CaMDR1, and FLU1 genes. On the other hand, the fungicidal
effect of CY and FLC against DSY1024 not only was main-
tained but was also more rapid than that against CAF2-1.
High-dose treatments with FLC and FLC-CY were tested in
rats infected with CAF2-1 or DSY1024. In order to discrimi-
nate the effect of the antifungal treatment from that of host
defenses, infection was studied in two different targets, aortic
valve vegetations, with their neutropenic environment, and the
kidneys, with their massive recruitment of polymorphonuclear
phagocytes (11). The absence of polymorphonuclear phago-
cytes in endocarditis provides very stringent experimental con-
ditions, and therapeutic success relies exclusively on the killing
effect of the antimicrobial treatment. Given that previous stud-
ies of Candida experimental endocarditis described cure only
after weeks of antifungal treatment, the sterilization of aortic
valve vegetations recently reported in rats infected with parent
strain CAF2-1 after a 5-day treatment with high doses of
FLC-CY represented a clear proof of concept (4, 11, 28). The
present work tested identical regimens, which, as in previous
experiments, produced supratherapeutic blood FLC concen-
trations (i.e., trough levels up to 15 mg/liter, a concentration
still compatible with that achieved with high-dose treatment in
humans) and CY (i.e., trough levels up to 2.5 mg/liter, which is
5- to 10-fold the concentrations targeted in humans) (data not
shown) (11). The virulences of the parent and the mutant from
which efflux pumps were deleted were similar, as assessed by
the fungal densities at the baseline and the rates of mortality
among untreated animals. CY alone had no activity against
either fungal strain. The improved antifungal efficacy of FLC
against the organisms in both the vegetations and the kidneys
after a 5-day treatment in animals infected with the mutant was
compatible with the more favorable pharmacodynamics of
FLC (higher in vivo FLC levels/MIC ratios resulting from
identical dosing schedules and a fourfold lower FLC MIC for
DSY1024). The limited survival advantage and the prolonged
time to cure for animals infected with either CAF2-1 or
DSY1024 and treated with FLC and for those infected with the
parent and treated with FLC-CY were not due to the emer-
gence of FLC resistance, as demonstrated by ex vivo suscepti-
bility testing of isolates from persistently infected vegetations
and kidneys. The delayed eradication of infection in these
groups in vivo was consistent with the fungistatic effect of FLC
against either the parent or the mutant and the slow fungicidal
activity of FLC-CY against CAF2-1, achieving �99.9% killing
only after 48 h in vitro. This is in contrast to the powerful
fungicidal activity displayed by the combination of FLC and
CY in DSY1024-infected animals: survival was significantly
improved compared to that among rats treated with FLC
alone, and infection could be eradicated from both the vege-
tations and the kidneys after a 2-day treatment. These striking
results obtained with DSY1024 in vivo are consistent with the
accelerated killing observed in vitro, in which the combination
of FLC and CY was already fungicidal after 24 h of incubation.
Despite the limitations of the present study (use of a single
strain in a single in vitro condition and in a single experimental
animal model), both in vitro and in vivo experiments showed
that METs encoded by the CDR1, CDR2, CaMDR1, and FLU1
genes are not involved in the powerful fungicidal synergism of
FLC and CY. Moreover, the accelerated killing effect against
DSY1024 suggests a “dual-hit” mechanism involving MET de-
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letion-induced FLC hypersusceptibility and killing conferred
by CY. Although the inhibition of other unrecognized METs
should be considered, recent observations from other investi-
gators and from our laboratory suggest that calcineurin could
play a key role in this phenomenon (5, 20). Thus, the cellular
mechanisms underlying this new and promising therapeutic
concept deserve further investigation. On the other hand, stud-
ies with other azole antifungals and CY analogues lacking
immunosuppressive properties are needed.
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