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Abstract Background: A cluster of genes are involved in the pathogenesis and adhesion of Candida albicans to

~  mucosa and epithelial cells in the vagina, the important of which is agglutinin-like sequence (ALS) genes.
As well as vaginitis is a significant health problem among women, the antifungal resistance of Candida
species is continually increasing. This cross-sectional study investigates the expression of ALST and ALS3
genes and biofilm formation in C. albicans isolate isolated from vaginitis.
Materials and Methods: Fifty-three recognized isolates of C. albicans were collected from women with
recurrent vulvovaginal candidiasis in Iran, cultured on sabouraud dextrose agar, and then examined for
gene expression. Total messenger RNA (mRNA) extracted from C. albicans isolates and complementary DNA
synthesized using reverse transcriptase enzyme. Reverse transcription-polymerase chain reaction (RT-PCR)
using specific primer was used to evaluate the expression of ALSTand ALS3 through housekeeping (ACTT)
genes. 3-(4,5-dimethyl-2-thiazyl)-2,5-diphenyl-2H-tetrazolium bromide assay was performed to assess
adherence capacity and biofilm formation in the isolated.
Results: Forty isolates (75.8%) expressed ALS1and 41 isolates (77.7%) expressed ALS3 gene. Moreover,
39 isolates (74%) were positive for both ALST and ALS3 mRNA by the RT-PCR. Adherence capability
in isolates with ALST or ALS3 genes expression was greater than the control group (with any gene
expression), besides, it was significantly for the most in the isolates that expressed both ALS1 and ALS3
genes simultaneously.
Conclusion: The results attained indicated that there is an association between the expression of
ALST and ALS3 genes and fluconazole resistance in C. albicans. A considerable percent of the isolates
expressing the ALST and ALS3 genes may have contributed to their adherence to vagina and biofilm
formation.
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INTRODUCTION

Candida albicans is an opportunistic fungal pathogen
which causes a broad spectrum of diseases such as
oral, vagino-mucosal, and systemic infections.™

Vaginal candidiasis occurs in three-fourth of women
during their life and C. albicans is the etiological agent
in over 80% of the cases.™

C. albicans has a large number of virulence factors
causing disease, including phenotypic switching,
filamentation, adherence and secreted hydrolyses.
Some of these pathogeneses are associated with
gene families, particularly the agglutinin-like
sequence (ALS) (6), secreted aspartyl proteinase, and
lipase families.[®"

Among these, the ALS gene family that encodes
cell wall glycoprotein is related to adherence to
host surfaces. ALS genes are a family of adhesions
recognized to play a role in adherence and early biofilm
formation. Since biofilm formation contributes to
drug resistance, ALS genes appear to be responsible
for fluconazole resistance.®'" Each ALS gene has a
similar three-domain structure, including a 5’ domain
of 1299-1308 bp that is 55-90% identical across
the family; a central domain of variable numbers
of tandemly are repeated copies of a 108-bp motif;
and a 3' domain that is relatively variable in length
and sequence across the family.'?! Although they
distribute a similar three-domain structure, sequence
differences between the ALS proteins can be so large
that the proteins may have different functions.™®! Since
adherent isolate of Candida is more pathogenic, there is
a theory that ALS1 and ALS3p may be responsible for
the pathogenesis of C. albicans.™ The expression of
each ALS1 and ALS3 gene can be detected by reverse
transcription-polymerase chain reaction (RT-PCR)
and confirmed by using this method for the analysis
of ALS gene expression in the C. albicans genome
that is correlated with its virulence. An RT-PCR assay
investigates a specific gene expression in a variety of
clinical specimens and in different host and model
conditions.">!% The objective of our research was to
determine the expression of ALSI1 and ALS3 genes,
its correlation with fluconazole resistance and finally
biofilm formation in C. albicans, isolated from women
with symptoms of recurrent vaginitis.

MATERIALS AND METHODS

Isolates

In this cross-sectional study, there were used
53 isolates of C. albicans obtained from women with
recurrent vulvovaginal candidiasis that referred to

2

clinical centers, Tehran, Iran. The patients were
enrolled in terms of clinical symptoms of vaginitis and
resistance to fluconazole therapy during the treatment
process. Out of 53 patients, 57.69% would consume
several antibiotics, 28.84% took an oral contraceptive,
and 15.38% were diabetic. The isolates were confirmed
by phenotypic and genotypic assays such as CHROM
agar Candida and PCR-restriction fragment length
polymorphism technique. Fluconazole susceptibility
test had already been determined in our previous
study.!”

Reverse transcriptase-polymerase chain reaction
analysis of ALS1 and ALS3 genes

The confirmed C. albicans isolates are used to analyze
the expression of ALSI and ALS3 genes with minor
modification. Expression of ALST and ALS3 genes was
analyzed in planktonic cells of Candida isolates. For
RNA extraction, a 24-h colony on sabouraud dextrose
agar (Merck) was transferred to a 1.5 ml eppendorf
tube and then 200 ul of lysis buffer containing (200 mM
Tris-Hel, pH 7.5, 10 mM EDTA, 0.5 M NacCl), 200 ul of
phenol-chloroform-isoamillalchol (25:24:1) and glass
beads, were added, and the tube was strongly vibrate
for 60 min. After centrifuging for 3 min at 5000 rpm,
the supernatant was removed to a new tube and
300 pl of chloroform was added. After centrifuging,
the aqueous phase was moved to a clean tube and
then 1 volume of cold isopropanol were added and was
reserved at —20°C for 15 min. After that, the sample
was washed by 70% ethanol, 30 ul distilled water was
added, and the sample was kept at —20°C.'® The RNA
samples were treated with 1U of DNasel (Fermentas)
per 10 ul of RNA at 37°C for 1 h, and then its quality
checks by electrophoresis on agarose gel (Merck).
The first strand complementary DNA (cDNA) was
synthesized using 2-step RT-PCR kit (Vivantis,
Malaysia) according to the manufacturer’s instruction
and directly used in RT-PCR assay. Briefly, 2 ul
10X Viva Buffer A, 18.5 ul distilled water, 1-2 ul
cDNA, 0.35 ul forward primer and 0.35 ul reverse
primer for each gene. In continue, the microtube put
into thermocycling device: Initial denaturation step
at 94°C for 5 min followed by 35 cycles consisting of
denaturation (94°C for 1 min), annealing (58°C for
1 min), and extension (72°C for 1 min) were followed
by a final extension step at 72°C for 3 min. Finally,
25 ul of PCR product should be run out on a 1% agarose
gel. ACT1 was used ACT'I (actin) gene was used as a
control housekeeping gene. Primers using in this study
are shown in Table 1.

Biofilm formation assay

Candida biofilm formation of isolates was performed on
a 96-well plate in four groups including the isolates with
ALSIexpression (Group 1), ALS3 expression (Group 2),
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Table 1: ALS1, ALS3, and ACT1 specific primers for reverse
transcription-polymerase chain reaction assay

Primer Sequence (5—3’)

PCR product Accession

name size (bP) number
ALS1-R  ACCAGAAGAAACAGCAGGTG 318 125902
ALS1-F  GACTAGTGAACCAACAAATACCAG

ALS3-F CCAAGTGTTCCAACAACTGAA 184 AY223552
ALS3-R  GAACCGGTTGTTGCTATGGT

ACT1-F  CCAGCTTTCTACGTTTCC 200 HM997110
ACT1-R  CTGTAACCACGTTCAGAC

bp: Base pairs, PCR: Polymerase chain reaction

ALS1 and ALS3 expression (Group 3) and those
with any expression (Group 4). Eighty microliters
of C. albicans cell suspension from each group was
inoculated onto each well. The yeast cells were allowed
to adhere to the bottom of the plate at 37°C for 90 min.
Afterward, the unattached cells were gently washed
with phosphate-buffered saline (PBS) and then added
4 ml of yeast nitrogen base (YNB) medium with 50 mM
glucose. The plates were incubated at 37°C for 48 h,
and the biofilm was made by Candida. Subsequently,
the YNB medium was detached and washed with 4 ml
of PBS.

3-(4,5-dimethyl-2-thiazyl)-2,5-diphenyl-2H-
tetrazolium bromide assay

For this, 100 ul 3-(4,5-dimethyl-2-thiazyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) (5 mg/ml
in PBS, Sigma) MTT was added to cells at 37°C for 3 h
dimethyl sulfoxide (sigma) was added and the plates
incubated for 15 min to stop the reaction and to dissolve
the insoluble purple formazan. Optical absorbance was
measured at the wavelength of 520 nm using an ELISA
reader (Memmert, Germany)."®! The results were
evaluated with regard to the percentage of viable cells
in comparison to the negative control (isolates without
ALS gene expression). All tests were performed in
three independent experiments.

Statistics analysis

Data analysis was performed by ¢-test method with
SPSS Statistics version 17, chicago. The level of
statistical significance was set at P < 0.05.

RESULTS

In this study, the expressions of ALSI and ALS3
genes were uniformly assessed on 3 ug of total
RNA extract of isolates. RT-PCR showed the
expression of ALST in 75.3% and of ALS3 in 77.2%
of the isolates. Moreover, 73.5% of the isolates
expressed both ALSI and ALS3 genes (14.9% of the
isolates had no expression for any ALS1 and ALS3
genes). Figure 1 illustrates the result of RT-PCR
analysis. Of 53 isolates, 50 isolates were resistant
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Figure 1: Messenger RNA of Candida albicans isolates extracted,
and first strand complementary DNA was synthesized. Reverse
transcriptase-polymerase chain reaction with ALS7 and ALS3
specific primers was done. Line 1-3, gene expression of ALS7 in
isolates (318 bp); line 4—6, gene expression of ALS3 in isolates (184 bp).
M: Marker molecular weight (100 bp)

to fluconazole (inhibition zone <12 mm), whereas
3 isolates were sensitive (inhibition zone >19 mm).
The relation between fluconazole resistance with ALS1
and ALS3 gene expression is shown in Table 2.79%
of isolates that expressed ALS1/ALS3 or both genes
were resistant to fluconazole.

Data from MTT assay showed the isolates with an
expression of ALS1 (Group 1) or ALS3 genes (Group 2)
had more adherence capacity than those lacking any
gene expression (Group 4) and this difference was
significant (P < 0.05). However, the isolates which
had both ALS1 and ALS3 expressions had the highest
adherence capability. Data were means + standard
deviations of three independent experiments (P < 0.05).

The result is shown in Figure 2.
DISCUSSION

In this study, the expressions of ALS1 and ALS3 genes
among the C. albicans isolates were analyzed using
RT-PCR method. The presence of the genes has been
reported in our previous study."” The simultaneous
existence of both ALS1 and ALS3 genes was detected
in 83% of the isolates, among which 74% expressed
the two genes, summarized in Table 2. Our results are
consistent with what reported by Cheng et al.”?"! that
evaluated the expression of ALS genes in C. albicans
isolates using RT-PCR and showed a high frequency
of ALS1, ALS2, ALS3, and ALS9 genes expression.

Nas et al.,?" evaluated the expression of ALS1 gene
in C. albicans isolated from vaginal candidiasis and
showed its expression in 69% of total isolates.
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Table 2: Frequency of expression of ALST and ALS3 genes of
Candida albicans isolates

Profile Resistance/ ALS1/ALS3 expression Percentage
sensitive
1 Resistant -/- 5(9.4)
2 Resistant +/+ 39 (74)
3 Resistant +/- 1(1.8)
4 Resistant -/- 3(5.6)
5 Resistant -/+ 2 (3.7)
6 Sensitive -/- 2 (3.7)
7 Sensitive -/- 1(1.8)
1.2 -
1
0.8
0.6
W Series2
0.4
0.2
0
1 2 3 4

Figure 2: 3-(4,5-dimethyl-2-thiazyl)-2,5-diphenyl-2H-tetrazolium
bromide assay: Biofilm formations in four groups of Candida
albicans isolates in yeast nitrogen base medium containing 50
mM glucose. The method used for biofilm quantification was
3-(4,5-dimethyl-2-thiazyl)-2,5-diphenyl-2H-tetrazolium bromide
reduction. Data were means + standard deviations of three independent
experiments (P < 0.05). Group 1 (isolates with ALS7 expression),
Group 2 (isolates with ALS3 expression), Group 3 (isolates with ALS1
and ALS3 expression), and Group 4 (control group without gene
expression)

In this study, 42 (79.5%) of isolates with an expression
of at least one ALS gene were resistant to fluconazole
and 3 (5.5%) of them without ALS gene expression
were absolutely sensitive to fluconazole. A significant
relationship was found between the ALS1 and ALS3
genes and biofilm formation in C. albicans isolates in
MTT assay. Our finding hypothesized that there is a
positive correlation between the expressions of ALS1,
ALS3 genes, and fluconazole resistance. Since all of
C. albicans isolates expressing the ALS1 or ALS3
were resistant to fluconazole, and their adherence
was stronger than the control group (without any
expression) and it seems reasonable to conclude
that biofilm contributes to fluconazole resistance
in isolates. This finding is in agreement with the
results of other studies according to which the ALS1
was introduced as the major over-expressed gene in
biofilm formation and adherence which in turn play
an important role in drug inhibition to gain access to
the fungi microcolonies.?>?4 Similar findings by other
investigators which show pathogenic Candida species
established well-developed biofilm and are resistant to

4

drug therapy and act as a source of reinfections. More
studies are required to realize the exact mechanisms
involved.?>?! According to our result, 9.4% isolates
of C. albicans did not contain ALS1 and ALSS3 genes,
though they were resistant to fluconazole. This may
occur due to other mechanisms involved in fluconazole
resistance which affect phenotype. Moreover, the role
of Med31, Med20, and Srb9/Med13 transcriptional
regulator genes in the expression of the relevant
virulence genes including ALS gene family and biofilm
formation should not be ignored.?”

It has been shown that C. albicans Torl gene plays a
crucial role in the regulation of expression of several
virulence-associated genes such as ALS1 and ALS3
and other adhesions. In addition, as a regulatory
complex, Tecl, Berl, Efgl, Nrgl, and Tupl affect
the expression of several adhesions and ALS genes
family.””® Many other studies show the significance of
regulatory genes in the expression of ALS gene family
that explain the nonexpressed ALSI and/or ALS3
genes in the isolates.?%30

CONCLUSION

The findings of this study demonstrate that the
ALS genes expression contributes to adherence and
fluconazole resistance in clinical isolates of Candida
to the vagina. Regulatory network genes play a
significant role in whether ALS genes are actively
expressed or kept silence. The expression of ALS genes
on biofilm cells is suggested in future studies.
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