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Center for Cancer Research; National Cancer Institute; Bethesda, MD USA

Keywords: biomass, corticosteroid, Rhizopus oryzae

Glucocorticoid (GC) use is a common risk factor for invasive fungal infections. This is attributed to the complex
dysregulation of immunity caused by GCs. However, studies have demonstrated increased growth with GC exposure for
some molds, such as Aspergillus fumigatus and Exserohilum rostratum. No such data exist for Mucorales. Therefore, we
investigated the influence of GC exposure on the growth of Rhizopus arrhizus (syn. R. oryzae) in different culture media
and in different atmospheres. We measured continuous spore growth using spectrophotometry and biomass variations
using XTT assay. We did not observe enhanced growth or biomass variation with any of the GCs regardless of the
medium or conditions. These results support the existence of fungus-specific differences in the effect of GCs on fungal
biology.

Corticosteroid therapy is a risk factor for invasive fungal infec-
tions and this vulnerability is attributed to the complex dysregula-
tion of immunity caused by glucocorticoids.1 Increased growth
rate under corticosteroid exposure was demonstrated for some
molds such as Aspergillus fumigatus2 and Exserophilium rostratum,3

but no similar data on Mucorales are available. To that end, we
examined whether various corticosteroids directly enhance
Mucorales growth and biomass in vitro.

We grew a clinical Rhizopus arrhizus (syn. R. oryzae)4 isolate
(Ro-696) on Yeast Extract Agar plates for 72 h at 37�C.5 Spores
were collected and washed twice in sterile phosphate buffer saline
(PBS). The spores were counted using a haemocytometer and
stored at 4�C in PBS. Dexamethasone (DEXA; Sigma-Aldrich,
St Louis, MO), Methylprednisone (MPN; Tokyo Chemical
Industry, Tokyo, Japan) and Hydrocortisone (HC; MP Biomedi-
cals, Solon, Ohio) were diluted with 100% ethanol. The follow-
ing pharmacological concentrations6 were tested on R. arrhizus
for each corticosteroid: 80, 160, 320 and 640 mg/ml for HC and
80, 160, 320 and 640 ng/ml for DEXA and MPN.

As iron acquisition plays a key role in Mucorales’s growth,7 3
different liquid culture media were tested for the experiments
i) RPMI with 2% glucose, which is a standard culture media,
ii)Yeast Nitrogen Base (YNB), which is an iron enriched media,
and iii) Yeast Extract Agar media (YAG), which is an iron
depleted media.

First, we investigated the influence of corticosteroid exposure
on R. arrhizus growth under standard atmosphere. A

concentration of 103 spores / ml of R. arrhizus were incubated
24 h under standard atmosphere at 37�C in presence of HC,
DEXA or MPN in round bottom 96 wells microtiter plates. The
growth rate was assessed by spectrophotometry (600 nm absor-
bance) every 4 h during 24 h. No enhanced growth was observed
with any of the corticosteroid tested; variation of culture media
did not facilitate R. arrhizus’ s growth upon corticosteroid expo-
sure (Figs. 1–3).

To verify that this result was applicable to other agents of
mucormycosis, the experiment was repeated using a second
clinical strain of Rhizopus sp, 2 clinical strains of Lichtheimia
corymbifera (formerly Absidia corymbifera) and 2 clinical strains
of Mucor sp (all the strains were isolated in cancer patients
diagnosed with mucormycosis at the MD Anderson Cancer
Center). Similarly we found no enhancement of growth by cor-
ticosteroid in any of the isolates tested (Fig. S1).

In order to examine the impact of corticosteroid exposure
on R. arrhizus’s biomass, we repeated the experiments but
using the XTT assay which is a colorimetric method, based
on the reduction of the tetrazolium salt, 3-bis[2-methyloxy-4-
nitro-5-[(sulfenylamino) carbonyl]-2H-tetrazolium-5-carboxa-
nilide] (XTT) by mitochondrial dehydrogenases. This method
quantifies biomass by measuring fungal metabolism.8 During
this experiment, R. arrhizus was incubated 20 h at 37�C
under 5% CO2 atmosphere, in order to see if the presence
of CO2 would facilitate fungal development. Further we used
that condition in an attempt to simulate Mucorales growth
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under hypoxic tissue condition.5 Briefly, XTT (Sigma-
Aldrich, St. Louis, MO) was dissolved in normal saline at
concentrations of 1 mg/ml. Menadione (Sigma-Aldrich,
St. Louis, MO) was initially dissolved in acetone l at a con-
centration of 10 mg/ml and subsequently added to the
above-mentioned XTT solutions at concentrations of
125 mM for each solution. A 104 spores/ml of R. arrhizus
were incubated in RPMI 1640, Yeast Extract Medium
(YAG), and Yeast Nitrogen Base Medium (YNB) at 37�C
under 5% CO2 atmosphere in 96-well flat-bottom micro
titration plates at a volume of 200 ml per well. After 18 h of
incubation, 50 ml of one of the above-mentioned XTT-mena-
dione solutions was added to each well and the plate was
incubated at 37�C under 5% CO2 atmosphere for an addi-
tional 2 h. After 2 h of incubation, 200 ml from each test
group was plate in a sterile 96-well U-bottom micro titration
plate for analysis. The formazan absorbance in each well was
read at 492 nm and 690 nm (plate absorbance) with the use
of a micro plate spectrophotometer (Power wave Biotech
Instruments, Winooski, VT). We obtained the XTT results
by subtracting to the result the optical density (OD) of wells
containing media alone (background). These additional assays
investigating R. arrhizus’ s biomass under higher CO2

atmosphere in presence of GC did not show any difference
upon GC exposure (Fig. 4).

For example, a previous report showing toxicity of steroid
such as progesterone on Rhizopus nigricans suggested that the
underlying mechanism was depending on G protein activation
and cAMP signaling.9

In conclusion, corticosteroid did not impact directlyR. arrhizus’ s
growth or biomass in vitro. These negative results support the
hypothesis that the immune dysfunction induced by corticosteroid
is the main reason why patients are more vulnerable toMucormyco-
sis. Moreover, when compared with other previous reports,2,3 these
negative data support the notion that there might be some fungus-
specific differences regarding the effect of corticosteroids on fungal
biology. The difference of impact of GCs on Aspergillus fumigatus
growth in comparison with Mucorales might explain, at least in
part, the higher incidence of cases of invasive aspergillosis among
this patient population compared to mucormycosis.
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Figure 2. Continuous growth measurement of R. arrhizus in the presence
of 0 (control), 80, 160, 320 and 640 ng/ml for HC under standard atmo-
sphere in RPMI (A), YNB (B) and YAG (C). No promotion of growth was
observed (P value > 0.05, t Student non parametric test).

Figure 1. Continuous growth measurement of R. arrhizus in the presence
of 0 (control), 80, 160, 320 and 640 ng/ml for DEXA under standard
atmosphere in RPMI (A), YNB (B) and YAG (C). No promotion of growth
was observed (P value> 0.05, t Student non parametric test).
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Supplemental Material

Supplemental data for this article can be accessed on the
publisher’s website.
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Figure 3. Continuous growth measurement of R. arrhizus in the presence
of 0 (control), 80, 160, 320 and 640 ng/ml for MPN under standard atmo-
sphere in RPMI (A), YNB (B) and YAG (C). No promotion of growth was
observed (P value> 0.05, t Student non parametric test).

Figure 4. R. arrhizus’s biomass assessment using XTT in the presence of 0 (control), 80, 160, 320 and 640 ng/ml for DEXA (A), HC (B), MPN (C) under 5%
CO2 atmosphere in RPMI, YNB and YAG. No promotion of growth was observed (P value> 0.05, t Student non parametric test).

www.tandfonline.com 443Virulence

http://www.tandfonline.com/kvir
http://www.tandfonline.com/kvir

