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Background: Aspergillosis is an opportunistic infection caused by Aspergillus spp in immunocompromised patients. The role of HSP90 in
Aspergillus drug resistance is still unknown. The aim of this study was to evaluate the correlation between the presence of HSP90 gene and

Materials and Methods: In this study, 32 Aspergillus strains were used, which were isolated from patients susceptible to aspergillosis
through Bronchoalveolar lavage (BAL) and identified by conventional methods. The isolates were cultured on Sabouraud dextrose agar
(SDA). Susceptibility testing against amphotericin B was conducted according CLSI standards (M38-A). Also, the presence of HSP90 gene

Results: Of 32 Aspergillus strains used in this study, 16 (50%) isolates were identified as A. Flavus, 12 (37.5%) isolates as A. fumigatus, and
4 (12.5%) isolates as A. terreus. Among these species, 19 (59.37%) isolates were sensitive to amphotericin B whereas 13 (40.62%) were
resistant. Moreover, there was a significant difference between the presence of HSP90 gene and resistance to amphotericin B in Aspergillus

Conclusions: The presence of HSP90 gene provides evidence that shows this gene may play important role in resistance to amphotericin B in
Aspergillus isolates. Although numerous regulatory genes are involved in resistance mechanisms, they remain to be more clarified.

1. Background

Aspergillosis is an opportunistic infection caused by
Aspergillus species including: A. fumigatus, A. flavus, A.
nidulans, and A. terreus. The majority of cases occur in
patients with underlying diseases such as tuberculosis,
haematological malignancies, organ transplantation, and
immunodeficiency or chemotherapy (1-3).

A. fumigatus and A. flavus are the two most prevalent
species involved in human aspergillosis. Although common
antifungal agents are used for patients' treatment, the rate
of invasive aspergillosis (IA) and mortality has remained
excessively high in immunocompromised individuals (4-5)
Despite the excessive antifungal agents, the choice of
suitable drug for 1A treatment is limited because of the
high prevalence of Azole resistance in Aspergillus spp (6-
9). Voriconazole is used as the first-line therapy against
IA; however, caspofungin seem to be suitable therapeutic
alternative due to elevated voriconazole resistance in A.
fumigatus (10). Amphotericin B (AMB) and caspofungin
are licensed as intravenous drugs for IA treatment, but they
are used for chronic and allergic aspergillosis (5). Fungi-
static activity and loss of efficacy resulted from using
higher concentrations of caspofungin against A. fumigatus
may cause clinical side effects (11-14). Resistance to
antifungal drugs is not as worrying as resistance to anti-
bacterial agents; however, increasing frequency has been
observed in the number of both types of primary and
secondary resistance among the agents causing human
mycosis (15-16).

It is well-known that the primary mechanism of resistance
in clinical isolates of A. fumigatus is mutation of lanosterol 14

a-demethylase, contributing to ergosterol biosynthesis and
leading to the alteration of the enzyme structure (13).

HSP90 (Heat Shock Protein) belongs to molecular
chaperone family having multifunctional roles in eukaryote
cells, such as signaling transduction, tumor suppression,
and protein remodeling. Moreover, more recent studies
have demonstrated that HSP90 may play an important role
in the emergence of resistance to antifungal drugs in
Candida albicans and A. fumigates (10). A broad range of
diseases such as fungal and parasitic pathogens can be
eliminated using HSP90 inhibitors both in human and
animal models. Few studies have demonstrated HSP90 role
in filamentous fungi such as A. fumigatus in which
resistance mechanisms may substantially differ. Some
studies have shown that definite recombinant monoclonal
antibody against fungal molecular chaperone HSP90
increases susceptibility to AMB (17-19).

Herein, in vitro role of HSP90 gene was investigated in
AMB resistance in clinical isolates of Aspergillus species.

2. Objectives

The purpose of current study was to investigate the correlation
between HSP90 gene presence and Amphotericin B resistance in
clinical isolates of Aspergillus spp. from BAL samples.

3. Materials and Methods
3.1. Patient's population

In this study, 32 Aspergillus strains were used, isolated from 400
BAL specimens of hospitalized patients with predisposing factors to
aspergillosis, including  corticosteroid, cancer  (leukemia),
haematological malignancy, and organ transplantation (lung and
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bone marrow), who referred to the bronchoscopy unit of Masih
Daneshvari hospital from 2015 to 2016.

3.2. Culture of isolates

The isolates were sub cultured on Sabouraud dextrose agar
slants (Merck, Germany) and incubated at 26 and 35°C.
Aspergillus species were identified with colony morphology,
microscopic evaluation, and slide culture.

3.3. DNA extraction

For this purpose, the isolates were cultured on Czapek
broth (Merck, Germany) medium and incubated at 30°C for 4
days. Genomic DNA was extracted as briefly described. The
mycelium was harvested from the medium surface and washed
twice by phosphate Buffer Saline (PBS). Then it was disrupted
by adding liquid nitrogen and lysis buffer containing EDTA
(20mM), Tris-HCL (100 mM), Nacl (1.4 mM), and CTAB 2%
PH (8) (Merck, Germany). Next, it was incubated at 60°C,
Phenol- isoamyl alcohol was added and centrifuged in 10000
rpm for 10 min. Then 3 m sodium acetate and cooled
isopropanol were added to supernatant. The mixture was kept
at -20°C and subsequently centrifuged. Ethanol 75% was
added and centrifuged several times. Finally, the distilled
water was added to precipitation containing DNA.

3.4. HSP90 gene amplification using Polymerase Chain
Reaction (PCR)

PCR was performed to amplify HSP90 gene. The sequences
of HSP90 primers were 5-TCTTCGGAAACCTTTGAATTCC-
3" and 5-TCGTCAGGAACCTCCTTCTCAG-3. For PCR
reaction, 2.5 pL of 10x PCR buffer, 1.5 mM MgClz, 0.5 pL of
10 mM dNTPs, 0.4 uM primers, 1.25 units of Taq polymerase
(Cinaclon, Iran), 1 pL of template DNA, and up to 25 pL
molecular grade dH20 were added to the tube. Thirty-three
amplification cycles were done in the thermo cycler (Bio Rad)
at 95°C for 5 min with an annealing step at 59°C for 30 s, an
extension step at 72°C for 1 min, and a final extension at 72°C
for 5 min, following the last cycle. Electrophoresis was done
through 1.8% agarose gel and then visualized by ethidium
bromide staining. Negative control was used in all PCR
reactions. PCR with ITS1 - ITS4 primers was performed to
verify the efficiency of DNA extraction.

3.5. Antifungal susceptibility testing

The minimal inhibitory concentrations (MICs) of
amphotericin B was assessed by Clinical and Laboratory
Standards Institute (CLSI) (M38-A) document. Briefly,
Aspergillus species were cultured on Czapek agar medium
at 30°C for seven days, spore suspensions were prepared in
sterile saline 0.05% and adjusted to a concentration of 10°
spores/mL and diluted in RPMI 1640 broth (Sigma-
Aldrich, USA). As the standard assay powders,
amphotericin B (Sigma) stock solutions were prepared in
dimethyl sulfoxide (Merck, Germany), ranging from 0.06
to 32 pg/mL according to the manufacturers instruction.
Then 100 pL of RPMI 1640 broth containing spore
suspensions and 100pL of final concentration of
amphotericin B dilution were added to each well. After
inoculation of the trays (96 U-bottom shaped, Germany),
all micro-dilution trays were incubated at 35°C for 48 h,
and MICs were determined by visual examination at the
first well where 100% growth inhibition was present. As
two CLSI quality control strains, C. parapsilosis ATCC
22019 and C. krusei ATCC 6258 were tested in the same
manner (20).
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3.6. Statistical analysis

The MICs obtained from at least three different
experiments are presented as mean + SD. Data were analysed
using SPSS software version 20 (SPSS, Chicago, IL, USA).

4. Results

The distribution of Aspergillus species was as follows: 16
(50%) A. flavus, 12 (37.5 %) A. fumigatus, and 4 (12.5%) A.
terreus (Figurel). Moreover, these positive isolates had been
separated from 400 BAL specimens of patients with
predisposing factors in previous study (data unpublished).
(Figurel). The Aspergillus positive patients aged from 40 to
83 years (mean = 59 and median = 60 years). Fifteen (46.87%)
patients were male, and 17(53.12%) were female.

The MIC results revealed that from among 32 Aspergillus
strains, 19 (59.37%) strains were sensitive to amphotericin B,
and 13 (40.62%) were resistant. Of 16 A. flavus isolates, 6
(37.5%) isolates were sensitive to amphotericin B, and 10
(62.5%) were resistant. Also, 7 (58.3%) out of 12 A. fumigates
isolates were shown to be sensitive while 5 (41.66%) were
resistant. In A. terreus strains, the frequency in sensitivity and
resistance to amphotericin B was the same (50%). MIC values
of amphotericin B for resistant Aspergillus species were
>1ug/mL while in sensitive Aspergillus species, MIC values
were <1 pg/ mL. (Tablel)

The result of PCR analysis showed that HSP90 gene was
successfully amplified in resistant isolates (the length of HSP9
gene in resistant isolates was 700 bp) while this gene was not
detectable in sensitive isolates (Figure 2).

i Aspergillus Negative M A. Terreus B A.Fumigatus BA.Flavus

368(92%)

Figure 1. Distribution of Aspergillus isolates in patients with
underlying diseases.

Figure 2. DNA of Aspergillus spp was extracted, and polymerase
chain reaction was performed using specific primers of HSP90
gene. M: Marker molecular weight 100bP; Line 1, 2, 5: HSP9 gene
in resistant isolates (700 bp); Line 3, 4: absent of HSP90 gene in
susceptible isolates; Line 6: Negative control.
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HSP90 gene and Amphotericin B resistance in Aspergillus species

Table 1. Correlation between HSP90 expression and susceptibility to amphotericin B in isolates.

HSP90 expression in sensitive isolates (S)

HSP90 expression in resistant isolates (R)

Species Number of isolates
Negative Positive Negative Positive
A.Fumigatus 12 7 0 0 5)
A.Flavus 16 6 0 0 10
A. Terreus 4 2 0 0 2
Total 32 19 0 0 13
5. Discussion PKC cell wall integrity pathway. Moreover, HSP90 depletion

Invasive Aspergillosis (IA) with new emerging resistant
isolates is increasing in immunocompromised patients.
Various drugs are commonly used in the treatment of IA,
including voriconazole and amphotericin B. Since resistance
to antifungal drugs is developing, susceptibility testing for
these drugs can help in the selection of appropriate drug to
avoid mortality and morbidity in patients. However,
susceptibility of Aspergillus spp to different antifungal agents
is still controversial.

In previous studies, susceptibility of Aspergillus spp to
amphotericin B has been reported. Rath (1998) revealed that MICs
of amphotericin B in A. fumigatus and A. niger strains ranged from
0.125-0.5 mg/L in contrast with the strains of A. flavus and A.
nidulans in which MICs ranged from 2-16 mg /L (21).

In our study, the concentration of amphotericin B tested for
A. fumigatus, A.flavus, and A.terreus was reported as 0.06-
32ug/mL; additionally, the presence of HSP90 gene was
evaluated in sensitive and resistant species. The MIC results
indicated that from among 32 Aspergillus isolates, 19(59.37%)
isolates were sensitive to amphotericin B whereas 13 (40.62%)
were resistant. Consistent with our study, Alborzi et al. (2012)
evaluated the susceptibility of Aspergillus species isolated
from clinical samples to amphotericin B and other antifungal
drugs using Etest and CLSI methods. Their result showed that
63.9 and 36.1% of Aspergillus isolates were sensitive and
resistant to amphotericin B, respectively (22).

The results obtained in the present study were compatible
with the presence of HSP90 gene in PCR because HSP90 gene
was successfully amplified in the amphotericin B resistant
isolates whereas it was not detectable in susceptible isolates.
This correlation reveals that HSP90 gene may be responsible
for amphotericin B resistance in Aspergillus isolates; as
Cowen et al. (2005) declared that HSP90 plays a major role in
antifungal drug resistance (23). Nevertheless, other important
genes such as Mdrl, Mdr3, and Mdr4 are also involved in
Aspergillus spp drug resistance (24). In another study, Blum et
al. (2013) showed that using HSP90 gene inhibitor (blocking)
reduced amphotericin B resistance in Aspergillus spp clinical
samples in vitro, but this inhibition did not show any
beneficial effect on Balb/c mice in vivo (25). Previous studies
have confirmed that emergence of intrinsically resistant
fungal species and clinical resistance should be surveyed to be
able to handle invasive aspergillosis in susceptible patients
using suitable antifungal drug (26-27).

The growing incidence of invasive fungal infections with a
high rate of mortality in immunosuppressed patients shows
that resistance to antifungal agents is nowadays greater than
ever. Most isolates of A. terreus in vivo and in vitro are
resistant (MIC >2 mg/L) to amphotericin B; however, the
precise mechanisms of sensitivity and resistance to AMB are
not thoroughly obvious (28).

Collectively, the critical role of HSP90 gene in other fungi
is well-recognized; HSP90 was recently showed to contribute
in Azole and Echinocandin resistance in C. albicans via the

Infect Epidemiol Microbiol. 2017; VVolume 3, Issue 3: 86-89

may lead to the destabilization of the terminal mitogen-
activated protein kinase (MAPK) Mkcl, consequently the
second HSP90 client protein eventually decreases in drug
resistance (29). Taken together, our findings implicate the role
of HSP90 in AMB resistance; thus, using HSP90 inhibitors
can be supported as a therapeutic strategy to manage fungal
infections.

6. Conclusions

In conclusion, it is suggested that antifungal susceptibility
testing be carried out especially for patients with invasive
aspergillosis in order to be able to plan successful treatment
approaches. Regarding the obtained results in this study, it can
be said that HSP90 plays an important role in AMB resistance.
Therefore, it seems that inhibition of HSP90 gene in
Aspergillus spp by specific mediators diminishes antifungal
resistance. Also, by testing more resistant and susceptible
isolates, more information would be provided.

Conflict of interest
No potential conflict of interest was reported by the
authors.

Acknowledgments

We wish to thank from Iran University of Medical
Sciences, Tehran, Iran for the financial support (Grant
number: 25653) and the Department of Medical Mycology
and Parasitology, School of Medicine where this work was
done, and bronchoscopy center, Masih Daneshvari hospital in
Tehran.

Authors’ Contribution
All of the authors contributed to this study.

Funding/Support
This study was funded by Iran University of Medical
Sciences, Tehran, IR Iran.

References

1. Wingard JR, Ribaud P, Schlamm HT, Herbrecht R. Changes in causes of
death over time after treatment for invasive aspergillosis. Cancer.2008;
112(10): 2309-12 .

2. Smith N , Denning DW. Underlying conditions in chronic pulmonary
aspergillosis including simple aspergilloma. Eur Respir J.2011; 37(4):865-72.

3. Denning DW , Pleuvry A, Cole DC. Global burden of chronic pulmonary
aspergillosis complicating sarcoidosis. Eur Respir J.2013; 41(3):621-6.

4. Kanafani ZA, Perfect JR. Resistance to antifungal agents: Mechanisms and
clinical impact. Clin Infect Dis. 2008; 46(1):120-8.

5. Maschmeyer G, Haas A, Cornely OA. Invasive aspergillosis. Drugs. 2007;
67(11): 1567-601.

6. Perlin DS. Antifungal drug resistance: Do molecular methods provide a way
forward?,” Curr Opin Infect Dis. 2009; 22(6):568-73.

7. Pasqualotto A, Denning DW. New and emerging treatments for fungal
infections. J Antimicrob Chemother. 2008; 61(suppl 1): i19-30.

8. Groll AH , Tragiannidis A. Recent advances in antifungal prevention and
treatment. Semin Hematol. 2009; 46(3):212-29.

9. Chakrabarti A. Drug resistance in fungi-an emerging problem. Region
Health Forum. 2011; 15(1):97-103.

88


https://dorl.net/dor/20.1001.1.25884107.2017.3.3.3.4
https://iem.modares.ac.ir/article-4-3836-en.html

[ Downloaded from iem.modares.ac.ir on 2025-07-15]

[ DOR: 20.1001.1.25884107.2017.3.3.3.4 ]

Ghods N. et al.

10.

11

12.

13.

14,

15.

16.

17.

18.

Robbins N, Uppuluri P, Nett J, Rajendran R, Ramage G, Lopez-Ribot JL.
Hsp90 governs dispersion and drug resistance of fungal biofilms. PLoS
Pathog. 2011; 7(9):21002257.

Fortwendel JR, Juvvadi PR, Pinchai N, Perfect BZ, Alspaugh JA, Perfect
JR. Differential effects of inhibiting chitin and 1, 3-p-D-glucan synthesis in
ras and calcineurin mutants of Aspergillus fumigatus. Antimicrob Agents
chemother. 2009; 53 (2):476-82.

Fortwendel JR, Juvvadi PR, Perfect BZ, Rogg LE, Perfect JR,
Steinbach WJ. Transcriptional regulation of chitin synthases by
calcineurin controls paradoxical growth of Aspergillus fumigatus in
response to caspofungin. Antimicrob Agents  Chemother. 2010;
54(4):1555-63.

Wiederhold NP, Kontoyiannis DP, Chi J, Prince RA, Tam VH, Lewis RE.
Pharmacodynamics of caspofungin in a murine model of invasive
pulmonary aspergillosis: Evidence of concentration-dependent activity. J
Infect Dis. 2004; 190(8):1464-71.

Wiederhold NP. Attenuation of echinocandin activity at elevated
concentrations: A review of the paradoxical effect. Curr Opin Infects Dis.
2007; 20(6):574-8.

Moore C, Sayers N, Mosquera J, Slaven J, Denning DW. Antifungal drug
resistance in Aspergillus. J Infect. 2000; 41(3):203-20.

Gomez-Lopez A, Garcia-Effron G, Mellado E, Monzon A, Rodriguez-
Tudela JL, Cuenca-Estrella M. In vitro activities of three licensed antifungal
agents against Spanish clinical isolates of Aspergillus spp. Antimicrob
Agents Chemother. 2003; 47(10):3085-8.

Biamonte MA, Van de Water R,. Arndt JW, Scannevin RH, Perret D, Lee
WC. Heat shock protein 90: Inhibitors in clinical trials. J Med Chem.
2010; 53(1):3-17.

LaFayette SL, Collins C, Zaas AK, Schell WA, Betancourt-Quiroz M,
Gunatilaka AL. PKC signaling regulates drug resistance of the fungal
pathogen Candida albicans via circuitry comprised of Mkcl, calcineurin,
and Hsp90. PLoS Pathog. 2010; 6(8):¢1001069.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Pallavi R, Roy N, Nageshan RK, Talukdar P, Pavithra SR, Reddy R. Heat
shock protein 90 as a drug target against protozoan infections biochemical
characterization of Hsp90 from Plasmodium falciparum and trypanosoma
evansi and evaluation of its inhibitor as a candidate drug. J Biol Chem.
2010; 285(49): 37964-75.

Wayne PA. Reference method for broth dilution antifungal susceptibility
testing; Approved standard. National committee for clinical laboratory
standards, 2002.

Rath P. Susceptibility of Aspergillus strains from culture collections to
amphotericin B and itraconazole. J Antimicrob Chem.1998; 41(5):567-70.
Alborzi A, Moeini M, Haddadi P. Antifungal susceptibility of the
Aspergillus species by Etest and CLSI reference methods. Arch Iranian
Med. 2012; 15(7):429.

Cowen LE , Lindquist S. Hsp90 potentiates the rapid evolution of new
traits: Drug resistance in diverse fungi. Science. 2005; 309(5744): 2185-9.
Shapiro RS, Robbins N, Cowen LE. Regulatory circuitry governing fungal
development, drug resistance, and disease. Microbiol Mol Biol Rev. 2011;
75(2): 213-67.

Blum G, Kainzner B, Grif K, Dietrich H, Zelger B, Sonnweber T. In vitro
and in vivo role of heat shock protein 90 in amphotericin B resistance of
Aspergillus terreus. Clin Microbiol Infect. 2013; 19(1):50-5.

Snelders E, Rijs AJ, Kema GH, Melchers WJ, Verweij PE. Possible
environmental origin of resistance of Aspergillus fumigatus to medical
triazoles. Appl Environ Microbiol.2009; 75(12): 4053-7.

Walsh TJ, Petraitis V, Petraitiene R, Field-Ridley A, Sutton D, Ghannoum
M. Experimental pulmonary aspergillosis due to Aspergillus terreus:
Pathogenesis and treatment of an emerging fungal pathogen resistant to
amphotericin B. J Infect Dis. 2003; 188(2):305-19.

Lass-Florl C, Cuenca-Estrella M, Denning DW, Rodriguez-Tudela J.
Antifungal susceptibility testing in Aspergillus spp. according to EUCAST
methodology. Med Mycol. 2006; 44(suppl 1):S319-25.

Perlin DS, Shor E, Zhao Y. Update on antifungal drug resistance. Curr Clin
Microbiol Rep. 2015; 2(2):84-95.

How to cite this article: Ghods N., Falahati M., Roudbary M., Mardani S., Seif F. Presence of HSP90 Gene in Amphotericin
B Resistance Aspergillus Species Isolated from Iranian Immunocompromised Patients. Infection, Epidemiology and
Microbiology. 2017; 3(3): 86-89.

Infect Epidemiol Microbiol. 2017; VVolume 3, Issue 3: 86-89

89


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwiro6e_6ZTTAhVJYpoKHUFlC3EQFggZMAA&url=http%3A%2F%2Fmmbr.asm.org%2F&usg=AFQjCNHj2Q9gWne7Fvlgq3wGOXlWDcl48Q&sig2=Y6hmc6YPkCRKx8DHnXct3w&bvm=bv.152180690,bs.2,d.d2s
https://dorl.net/dor/20.1001.1.25884107.2017.3.3.3.4
https://iem.modares.ac.ir/article-4-3836-en.html
http://www.tcpdf.org

