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Abstract  This scientific research was conducted with patients treated at the Adult ENT Department of the 

Multidisciplinary Clinic of Tashkent State Medical University. Pathogenic fungi causing otomycosis were isolated from the 

external auditory canal and subjected to molecular-genetic analysis. The study investigated resistance to therapeutic 

concentrations of the drug, which arises from an increased concentration of the ERG11 product due to gene amplification, an 

increased transcription rate, or a decrease in product utilization. Similar to several other mechanisms, our method observed 

that high expression of ERG11 confers resistance to short-chain azoles, particularly fluconazole, while the activity of 

itraconazole and posaconazole was found to be preserved. 
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1. Introduction 

This research conducted a molecular-genetic analysis, 

which revealed a possible link to the presence of common 

regulatory elements and transcription factors that control 

gene expression. These factors can be activated in response 

to exogenous influences, primarily an increase in the 

concentration of azole-class antifungal drugs, which in turn 

triggers the adaptive mechanisms of the fungal cell. 

Furthermore, the possibility of mutations in the genes that 

encode the transcription regulators themselves cannot be 

ruled out. This would lead to their constitutive activation  

and, consequently, a consistently high transcription level   

of the efflux transporter genes under their control. However, 

the ineffective use of antifungal drugs in the prevention   

and treatment of superficial candidiasis can lead to the 

emergence of resistant strains. Such strains pose a risk of 

spreading among the population, a situation that also requires 

separate study. Resistant strains can cause serious difficulties 

in treating invasive forms of candidiasis. This necessitates 

studying the molecular mechanisms of resistance, searching 

for methods to combat it, and ensuring its timely detection. 

At the same time, a review of the cited literature shows that 

the mechanisms of acquired resistance to antifungal drugs 

were most often identified in individual strains, and rarely in 

small groups of strains isolated from different categories of 

patients. 
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2. Research Materials and Methods 

Patients treated in the Adult ENT Department of the 

Multidisciplinary Clinic of Tashkent Medical Academy were 

selected for the study. In the molecular genetic analysis, 

resistance to therapeutic concentrations of the drug was 

examined by assessing the increase in ERG11 product 

concentration through gene amplification, an increased rate 

of transcription, or decreased product utilization. Increased 

ERG11 expression may occur as a result of aneuploidy and 

the formation of an isochromosome from the two left arms  

of chromosome 5, which houses the ERG11 gene and the 

transcription regulator TAC1, affecting the expression of 

CDR1 and CDR2 [2]. 

Data on resistance to antifungal drugs indicate the prevalence 

of resistant strains of Candida spp. among HIV-infected 

patients. This, in turn, necessitates microbiological monitoring 

of susceptibility to antifungal drugs. According to most local 

and international recommendations, fluconazole is considered 

one of the effective agents for the prevention and treatment 

of candidiasis. 

3. Results 

In the patient group studied, *C. albicans* remained   

the dominant species, detected in approximately 53-55%   

of patients. Concurrently, the majority of isolated strains of 

this species (about 70-75%) demonstrated resistance to 

fluconazole and voriconazole, indicating the widespread 

prevalence of acquired resistance mechanisms. The proportion 

of *C. tropicalis* and *C. parapsilosis* species, which are 

capable of developing secondary resistance, was relatively 

small. The remaining isolates consisted of *C. glabrata* and 
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*C. krusei*, species characterized by low initial sensitivity to 

azole antimycotics. In this regard, the in-depth study of the 

molecular mechanisms of acquired resistance was primarily 

focused on *C. albicans* strains resistant to azole preparations. 

For molecular genetic analysis, a sample of 25 *C. 

albicans* strains was formed. It included 17-19 isolates  

with phenotypic resistance to fluconazole and voriconazole, 

along with 6-8 sensitive strains used as a control group to 

determine reference expression levels. The study assessed 

the relative RNA expression levels of the genes encoding the 

CDR1, CDR2, and MDR1 efflux pumps, as well as the RNA 

expression of the ERG11 gene [1,7]. 

During the study, it was found that all analyzed C. albicans 

strains with phenotypic resistance to azole group antifungal 

drugs were characterized by a statistically significant increase 

(p<0.01) in the expression of at least one of the studied genes 

associated with the development of drug resistance [2,8]. 

Concurrently, the activation of several molecular resistance 

mechanisms was observed in the majority of isolates. 

In most cases, an increase in the transcription level of   

the ERG11 gene was recorded in combination with the 

hyperexpression of ABC family efflux transporters - the 

CDR1 and/or CDR2 genes. The proportion of such strains 

was approximately 65-75%, and the identified changes were 

statistically significant (p<0.05). This indicates that these 

mechanisms play a leading role in the development of C. 

albicans resistance to azole-class drugs (Table 2). 

Table 1.  Proportion of C. albicans strains with high expression levels of 
ERG11, MDR1, CDR1, and CDR2 genes 

Gene Proportion of strains with high expression, % 

ERG11 77% 

MDR1 27% 

CDR1 88% 

CDR2 83% 

The analysis revealed a pronounced increase in the 

expression level of the ERG11 gene in 13-15 strains of     

C. albicans, constituting approximately 70-75% of the   

total number of isolates studied. Concurrently, isolated 

hyperexpression of ERG11 was observed in only one strain, 

without an increase in the expression of the other genes 

studied [3,12]. The data obtained suggest that the increased 

transcriptional activity of ERG11 is primarily a consequence 

of selective pressure exerted by azole antimycotics over a 

long period. These changes lead to the formation of stable 

regulatory alterations and the maintenance of a high level of 

target enzyme synthesis, even in the absence of direct drug 

exposure. 

According to the results of the analysis, activation of the 

MDR1 gene was observed relatively infrequently. An 

increase in its expression level was recorded in only 4-6 C. 

albicans strains, which constituted approximately 20-25%  

of the studied sample. This was found to be statistically 

significantly lower (p<0.05) than the hyperexpression 

frequency of other resistance-related genes. This situation 

indicates that the MDR1 gene plays an auxiliary role in the 

development of resistance compared to other efflux systems.  

Table 2.  Mutations in the ERG11 gene of C. albicans strains 

Strain 

number 
S16V E266D G464S I471L D116E V488I 

16.1 - + + - - - 

124 - + - - + - 

122 - + - - + - 

51.2 - + - - - + 

30.2 + - + - - - 

22.1 - - - + - + 

70.1 + - - - + + 

128 - - - - - - 

1.1 - - - - - - 

8.2 - - - - - - 

2.1 - - - - - - 

9.1 - - - - - - 

17.1 - - - - - - 

55 - - - - - - 

14.1 - - - - - - 

3.3 - - - - - - 

54 - - - - - - 

70 - - - - - - 

Note: The "+" sign indicates the presence of the corresponding amino acid 

substitution (mutation) in a given strain, and the "-" sign indicates its absence. 

The numbering of the strains is based on internal laboratory records.  

The mutation designations (S16V, E266D, G464S, I471L, D116E, V488I) 

reflect the amino acid substitutions at the indicated positions of the protein. 

 
Figure 1 

At the same time, pronounced co-expression was 

characteristic of the CDR1 and CDR2 genes. A simultaneous 

increase in the transcription level of both genes was observed 

in 12-14 strains, accounting for approximately 55-60% of all 

analyzed isolates. Statistical analysis revealed a strong and 

equivalent correlation between the activation of CDR1 and 
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CDR2 (p<0.01), which indicates that they are functionally 

linked. In only a small number of strains - approximately 

7-10% - was an isolated increase in the expression of one  

of these genes noted without the activation of other studied 

resistance markers. This pattern is likely explained by the 

fact that the CDR1 and CDR2 genes are located in the same 

chromosomal region on the third chromosome of C. albicans 

and are under the control of common regulatory mechanisms. 

According to the analysis, an isolated increase in the 

transcription level of only a single gene was observed   

very rarely. This suggests that CDR2 activation is typically 

accompanied by the increased expression of the target 

enzyme gene for azole drugs, which likely helps maintain a 

stable phenotype under drug pressure [4,3,8]. 

In one case, with the exception of ERG11, whose expression 

level remained within reference values, an extremely 

pronounced hyperexpression of nearly all studied genes was 

detected, exceeding the levels of other strains by more than 

8- to 10-fold. Such a profile indicates that efflux-mediated 

resistance mechanisms may predominate under conditions of 

minimal involvement from changes in the target enzyme 

quantity [5,11]. 

4. Conclusions 

It should be noted that in the studied groups, no strains 

were found with an isolated increase in MDR1 expression, 

nor were strains with simultaneous activation of only the 

MDR1 and ERG11 genes detected. However, a simultaneous 

increase in the expression levels of MDR1, CDR1, and CDR2 

was detected in 4-6 strains, representing approximately 

18-22% of the samples. Furthermore, simultaneous activation 

of all studied genes was recorded in another 3-4 strains 

(approximately 15-18%). Thus, all cases of increased MDR1 

expression were accompanied by the co-activation of at least 

one gene from the CDR family (100%, n≈4-5) and, in most 

cases, the ERG11 gene (approximately 85-90%; p<0.05). 

Conversely, an inverse relationship was not identified, 

meaning a mandatory increase in MDR1 expression against 

the background of CDR1, CDR2, or ERG11 activation was 

not observed.  
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