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The effects of fluconazole and cytokines on
human mononuclear cells
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Candida infections are common infections and fluconazole is one of the most frequently administered anti-
fungal agents in their treatment. The resistance developed against antifungal agents has necessitated the im-
provement of new treatments. This study focuses on the investigation of the effect of fluconazole and cytokines
such as interferon-gamma (IFN-}), tumor necrosis factor-alpha (TNF-a), granul ocyte-macrophage colony-stimu-
lating factor (GM-CSF) on chemokine production and anticandidal activity of human monocytes. In the study it
was observed that GM-CSF caused an increase in candidacidal activity of monocytes. Anticandidal activity of
GM-CSF + IFN-y combination was not found to be more effective than GM-CSF or IFN-y alone. The presence of
cytokine and fluconazole caused an increase in the levels of CCL3 and CCL4 chemokines. Accordingly, it was
considered that chemokines could contribute to the efficacy of fluconazole in C. abicans infections. Besides, in
order to strengthen the immune system some cytokines might be used in addition to antifungal agents for the
treatment.
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For the recent few years, Candida albicans has been
encountered rather increasingly in especially cancer and
transplantation patients and considered as an important
hospital infection agent (Ashman et a. 2004). The most
important factor in invasive fungal infections is the
changes in the immune response of the host (Farmaki &
Roilides 2001). Even if treated with an appropriate anti-
fungal agents, invasive fungal infections such as dissemi-
nated candidiasis cause high rates of mortality and mor-
bidity especially in immunocompromised hosts.

Immunity against Candida infections develops as a
result of acomplex interaction between innate and adap-
tive immunities (Ashman et al. 2004). Peripheral blood
mononuclear cells (PBMCs) play a very important role
in the defence against Candida with both their phago-
cyte mechanisms and their other effects in immune sys-
tem and they are effective to initiate cellular response.
These cells carry mannose and [3-glucan receptors on their
surfaces for C. albicans and they aso play an important
roleintheinitiation of the cellular immune response against
fungi (Anaissie et a. 2003). Cell-mediated immunity due
to T cells and cytokines is the predominant host defense
mechanism against mucosal and/or systemic C. albicans
infections (Steele & Fidel 2002).

PBMC stimulation by microorganisms might result
in increased production of cytokines such as TNF-a (tu-
mor necrosis factor apha), GM-CSF (granulocyte-mac-
rophage colony-stimulating factor), and interferon-
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gamma (IFN-y). Then, phagocytosis and chemotaxis are
enhanced and the host attempts to eliminate the micro-
organism. However, unless stimulated by cytokines,
monocytes are found to have limited effect in host de-
fenses (Baltch et al. 2001). Moreover, antifungal drugs
may have limited immunomodul atory effects (M encacci
et al. 2000). Cytokines, effector cells, and antifungal
agents may work synergistically to prevent fungal infec-
tions. For this reason, cytokines are considered for use
as therapeutic agents along with antifungal agents espe-
cially in the prevention and treatment of invasive fungal
infections.

Chemokines serve many important functions in the
immune system (Saavedraet al. 1999). They arerequired
for effective systemic cell-mediated immune responses
(Huang & Levitz 2000). Especidly, the stimulation of
inflammatory chemokines by C. albicans in human
PBMCs could be important to determine the role of T-
cell mediated response in candidiasis. Moreover, we
suggest that the immunomodulatory effects of fluco-
nazole on the stimulation of chemokines can affect the
inflammatory processes.

In this study, it was aimed to determine single or
combined efficacy of fluconazole and cytokines on
anticandidal activities of human PBMCs against C.
albicans and on the production of chemokines. Thus,
we could understand the mechanisms to prevent Can-
dida infections and the efficacy of cytokines when used
with antifungal agents.

MATERIALS AND METHODS

Preparation of human PBMC - Heparinized blood
was collected from healthy human donor. Local Ethical
Committee permissions were obtained. PBMCs were
isolated from blood by sedimentation on a Ficoll-hy-
pague gradient (Sigma). PBMC were washed in phos-
phate buffered saline (PBS) three times and resuspended
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at a concentration of 2 x 10° cellsyml in RPMI 1640
medium containing 2 mmol/I glutamine, 200 U/ml peni-
cillin, 100 pg/ml streptomycin, supplemented with 10%
fetal calf serum (FCS, Biochrom, Germany). Cell viabil-
ity was 95% by the trypan blue exclusion test.

Microorganism - C. albicans ATCC 10231 was used
in this study. C. albicans was grown on Sabouraud dex-
trose agar (SDA) for 48 h at 37°C. For opsonization,
several colonieswere suspended in RPMI 1640 contain-
ing 10% fresh pooled normal human serum and werein-
cubated for 30 min at 37°C. The opsonized cells were
centrifuged and resuspended at a concentration of 2 x
10* CFU/ml in RPMI 1640 containing 10% FCS.

Antifungal agents - Fluconazole was provided by
Pfizer Laboratories (US). Antibiotic solutionswere made
fresh for each experiment and used immediately. The
fluconazole MIC for C. albicans (ATCC 10231), deter-
mined according to NCCL S method M27-A2, was 2 pg/
ml (NCCLS 2002).

Preparation of recombinant human cytokines - Re-
combinant GM-CSF, and TNF-a, IFN-y were obtained
from Biosource (Camarillo, CA, US). All cytokineswere
made fresh for each experiment. For study, GM-CSF ve
TNF-a were used at a concentration of 100 U/ml. IFN-y
was used at a concentration of 1000 U/ml.

Study design - Human PBMC (2 x 10%) were deliv-
ered to the wells of 24-well platesin a1l ml volume and
incubated to adhere for 2 hin 5% CO, at 37°C. Then,
nonadherent cells were removed from the wells. The
adherent monocyte layer was washed once with RPMI-
1640. GM-CSF, TNF-a and IFN-y were added to dupli-
cate wells single or in combination and incubated for 24
hin 5% CO, at 37°C. After 24 h, opsonized C. albicans
(2 x 10* CFU/ml) was added to the wells. For phagocy-
tosis, the plates were incubated for 1 hin 5% CO, at
37°C. Nonphagocytosed blastoconidiawas aspirated and
the cell layer was washed once with RPMI1-1640. Cy-
tokines were readministered to the monolayer and then
0.2 pg of fluconazole (0.1 times the MIC) was added to
each wells. Theplateswereincubated for 0, 24, and 48 hin
5% CO, at 37°C and at the end of each sdlected time pe-
riod the supernatants were removed and stored at —30°C
until used in ELISA. After the culture supernatants were
removed, the monocytes were lysed with distilled water
and lysates were plated in duplicate on Sabouraud dex-
trose agar. The plates were incubated for 24 h at 37°C
and colonies were counted (colony forming unit/ml =
CFU/ml) (Baltch et al. 2001). Control wells contained:
(1) RPMI-1640; (2) PBMC + C. albicans; (3) PBMC +
fluconazole; (4) PBMC+ TNF-a; (5) PBMC + GM-CSF;
(6) PBMC + IFN-y; (7) PBMC + GM-CSF + IFN-y.

The experiments were done in quadruplicate with
monocytes from one donor.

Chemokine assays - Levels of chemokines such as
CCL2 (monocyte chemotactic protein 1 = MCP-1),
CCL 3 (macrophage inflammatory protein 1a = MIP-1a)
CCL4 (macrophageinflammatory protein 13 = MIP-1f3),
and CCL5 (regulated upon the activation of normal T cell

expressed and secreted = RANTES) were determined by
specific enzyme-linked immunosorbent assay (ELISA)
techniques according to the manifacturer’s instructions
(Biosource). The concentration of chemokines was de-
termined spectrophotometrically. The absorbance was
read at 450 nm.

Satistical methods - The anticandidal activity results
were analyzed by Mann-Whitney U test and Wilcoxon
Signet Ranks. Changes in the chemokines between
samples were analyzed using the one-way analysis of
variance (ANOVA). The Bonferroni test was used as Post
Hoc analysis, p < 0.05 was considered to be significant.

RESULTS

Effects of cytokines on the anticandidal activity of
PBMC - The effect of GM-CSF, TNF-a, and IFN-y on
anticandidal activities of mononuclear cellswith the pres-
ence and absence of fluconazole in 0, 24, and 48 h are
showninFigs 1, 2, and 3 as Log,;, CFU/ml.

When TNF-a alone was compared to the control well
in 24 and 48 h, it was found that monocytes caused no
significant changesin the anticandidal activity. The com-
bination of flucanozoleand TNF-a did not cause achange
different from the one caused by the use of flucanozole
alone (p > 0.05) (Fig. 1).
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Fig. 1: anticandidd activity of peripheral blood mononuclear cells(PBMC)
with or without tumor necrosisfactor-a (TNF-a), and fluconazole (Con-
trol: PBMC plus Candida albicans). Valuesrepresented are mean + SEM.

GM-CSF caused a significant decrease in the num-
ber of C. albicans both in 24 and 48 h compared to the
control well when used alone (p < 0.05). GM-CSF, in
combination with fluconazole, caused a significant de-
crease in the number of C. albicans both in 24 and 48 h
compared to the wells where fluconazol e was used alone
(p < 0.05) (Fig. 2).

IFN-y caused a significant decrease in the number of
live yeast both in 24 and 48 h compared to the control
well (p < 0.05). However, in combination with flu-
conazole, IFN-y caused significantly more candidacidal
activity bothin 24 and 48 h than fluconazole when it was
used aone (p < 0.05) (Fig. 3).
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Fig. 2: anticandidal activity of peripheral blood mononuclear cells(PBMC)
with or without granul ocyte-macrophage col ony-stimul ating factor (GM-
CSF), and fluconazole (Control: PBMC plus Candida albicans). Values
represented are mean + SEM.
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Fig. 3: anticandidal activity of peripheral blood mononuclear cells(PBMC)
with or without interferon-y (IFN-y), and fluconazole (Control: PBMC
plus Candida albicans). VValues represented are mean + SEM.

IFN-y and GM-CSF used in combination caused asig-
nificant decrease in the number of live C. albicans only
in 24 and 48 h compared to the control well (p < 0.05).
These two cytokines used in combination with fluconazole
caused a significant decrease in the number of C. albicans
both in 24 and 48 h compared to fluconazole when used
alone (p < 0.05) (Fig. 4). However IFN-y and GM-CSF in
combination did not cause a greater reduction in CFU/ml
than either cytokines alone (Fig. 5).

The levels of chemokines in culture supernatants -
The analysis of CCL3 levels in culture supernatants
showed that whilethe addition of fluconazoleinthe pres-
ence of PBMCs caused asignificant increasein thelevel
of CCL3in 24 h, the addition of C. albicans did not lead
to any significant changes (p = 1). Moreover, the pres-
ence of TNF-a, GM-CSF, and IFN-y caused asignificant
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Fig. 4: anticandiddl activity of peripheral blood mononuclear cells(PBMC)
with or without granul ocyte-macrophage col ony-stimul ating factor (GM-
CSF) plus interferon-y (IFN-y), and fluconazole (Control: PBMC plus
Candida albicans). Values represented are mean + SEM.

Log10 CFU/mlI

24 h

BGM-CSF  OIFN-y GM-CSF + IFN-y GM-CSF

+ fluconazole
H IFN-y + fluconazole O GM-CSF +

IFN-v + fluconazole

Fig. 5: the comparison of the anticandidal activities caused by granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) and interferon-y
(IFN-y) aloneor in combination. Valuesrepresented are mean + SEM.

increase in the level of CCL3. However, less increase
was observed in the samples including the combination
of GM-CSF and IFN-y. The addition of C. albicans and
fluconazole caused more increase in CCL 3 than cytokines
alone did. After 48 h the same results were found as the
ones obtained after 24 hand C. albicans did not cause any
significant increases in the levels of CCL3 in the samples
not containing fluconazole (p = 1) (Fig. 5).

The findings about CCL4 levels in culture superna-
tants revealed that the presence of both fluconazole and
C. albicansincreased the levels of CCL4 and only GM-
CSF cytokines caused a significant increase compared
to the samples including PBMC + C. albicans + flu-
conazolein 24 h (p < 0.05). The addition of C. albicans
and fluconazole in the presence of cytokines caused a
more remarkable increase in CCL4 level. As for 48 h,
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Fig. 6: the levels of CCL3 produced by peripheral blood mononuclear
cells (PBMC) incubated with or without cytokinesand fluconazole. Val-
ues represented are mean = SEM.

the co-existence of C. albicans and fluconazole brought
about an increase in CCL4 levels as high as the samples
including TNF-a, GM-CSF, and IFN-y (Fig. 6).

The other chemokines CCL2 and CCL5 whose lev-
elswere determined in their culture supernatants did not
show any significant changes in their levels when there
were PBMC, flucanozole, C. albicans or cytokines (p >
0.05) (data not shown).

Single or multiple cytokines without fluconazole or
C. albicansdid not show any significant differencesfrom
controls containing PBMC + C. albicans + fluconazole.

DISCUSSION

Increasing resistance against antifungal agents cause
problems especially for the patients with compromised
immune systems that are most likely to develop candidi-
asis and this makes it a must to perform further studies
in order to find new alternativesin candidiasis treatment
(Sheehan et a. 1999, Armstrong 2001, Maertens 2004).

Thl cell response is associated with the resistance
to fungal infections while Th2 response is associated
with the susceptibility to fungi (Mencacci et al. 2000).
Protective Thl responses require the activation of anum-
ber of cytokines. Thus, it is considered that cytokines
can be used as immunomodulatory agents in the treat-
ment of candidiasis.

In our study, when TNF-a was used alone or in combi-
nation with fluconazole no significant changes were ob-
served in anticandidal effect compared to control wells
(p>0.05). Louieet a. (1994) found that serums of mice
infected with C. albicans exhibited increased TNF-a
contents, but TNF-a had no anticandidal effect. In their
in vitro studies with monocytes, Baltch et al. (2001)
found that TNF-a had no effect on the growth of C.
albicans.

In our study, the use of GM-CSF caused a significant
increase in candidacidal activity of PBMCsin 24 and 48
h when used alone or in combination with fluconazole
(p < 0.05). Yamamoto et al. (1997) observed that GM-
CSF application caused an increase in the candidacidal
activities of macrophages against C. albicans. In one of
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Fig. 7: the levels of CCL4 produced by peripheral blood mononuclear
cells(PBMC) incubated with or without cytokines and fluconazole. Val-
ues represented are mean + SEM.

their clinical studies Vazques et al. (2000) observed that
GM-CSF might be used as a support agent in patients
with oropharyngeal candidiasis. Vora et al. (1998) indi-
cated that GM-CSF increased the destructive effect of
fluconazole and voriconazole against C. albicans.

We also observed that IFN-y increased the can-
didacidal effectiveness of PBMCs, with the presence or
absence of fluconazole (p < 0.05). Marodi et al. (1993)
indicated in their in vitro study that IFN-y increased the
candidacidal activity of monocytes/macrophages in the
presence of C. albicans. Bodasing et al. (2002) obtained
positive results from administration of 1FN-y and anti-
fungal agents combination in the treatment of an HIV
positive patient with recurrent resistant oropharyngeal
candidiasis.

In this study, combination of IFN-yand GM-CSF was
also found to have increased candidacidal activity sig-
nificantly (p < 0.05). However, combined administra-
tion did not lead to a more significant decrease com-
pared to their individual use. Thus, combination admin-
istration is not considered to be an advantage.

Baltch et al. (2005) reported that GM-CSF and |FN-
y increased the intracellular anticandidal effect of
voriconazole.

In the second part of our study, it was observed that
the CCL3 chemokine levels increased significantly in
the presence of fluconazole and cytokines. With the ad-
dition of both C. albicans and fluconazole, CCL4 in-
creased as much as it did in the samples with cytokines
especially in 48 h. As known, CCL3 and CCL4 are po-
tent macrophage inflammatory chemokines. These
chemokines are involved in acute and chronic inflam-
matory processes by attracting leukocytes to the site of
inflammation or activating cell immune responses
(Simitsopoulou et al. 2005). C. albicans might contrib-
ute to the cell-mediated immune responses by increas-
ing the production of a number of chemokines (Huang
& Levitz 2000). In our study fluconazole led to a sig-
nificant increase in the levels of chemokines compared
to control samples. The presence of cytokines caused a
remarkable increase in the levels of CCL3 and CCLA4,
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but CCL4 increased especialy in the presence of flu-
conazole without cytokines. It was considered that
fluconazole might contribute to the host response by
increasing the levels of CCL3 and CCL4 chemokines.
Since chemokines are considered to be crucia for the
cell migration to the injured area the increase caused by
fluconazoleinthelevelsof CCL3 and CCL4 chemokines
might be regarded as adifferent responseto C. albicans.

Simitsopoulou et a. (2005) also indicated that some
of lipid formulations of amphotericin B increased the
levels of cytokine and chemokine in human monocytes.

The use of a single strain of C.albicans may affect
the validity of the our results. However, we think that
since the strain we studied is a reference strain, it will
shed light on the results that will be obtained from other
C. albicans strains.

Consequently, we think that fluconazole has an
immunomodulatory effect and this effect may be appar-
ent with the presence of cytokine. We believe that in
future it will beinevitable to develop new treatments for
the patients with disseminated candidiasis. But, it is cer-
tain that the results of some more studies are needed to
be able use cytokines commonly in the treatments. Yet,
we know that we carried out our studiesin vitro and the
conditions of in vivo may change some results. Still, the
positiveresultsobtained by someresearchersintheir clinical
studies using cytokines and antifungal agents together en-
courages us for the results of our further studies.
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