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ABSTRACT

Background: Background: Pathogenic fungi can infect immunocompromised
patients, raising global public health concerns. Objective: The current study aims to
assess MIRNA expression differences and their relation to IL6 levels in
immunosuppressed patients during fungal infections. Methodology: This study
included 44 cancer patients with fungal infections, 22 cancer patients without
infections, and 24 healthy controls. Fungal species were identified by culture,
microscopy, and 18S rRNA gene sequencing. IL-6 levels were measured using ELISA,
and microRNA gene expression was analyzed via gRT-PCR. Results: Patients
infected with yeasts displayed a significant decrease in IL6 levels (p < 0.001) and
those with mold also have lower levels compared to healthy individuals (p < 0.001).
The levels of miRNA 155-5p were lower in yeast-infected patients (p < 0.001) and
mold-infected patients (p < 0.001), compared to healthy controls. In contrast, miRNA
146a expression was significantly higher in yeast (p = 0.001) and mold infection
groups (p = 0.016) than in controls. Additionally, miRNA 342-3P expression
increased in yeasts (p < 0.001) and mold patients (p < 0.001) in contrast to healthy
individuals. Positive correlation between IL6 and miRNA 155-5p was detected and
negative correlations between IL6 levels and miRNA 146a/ miRNA 342-3p were also
detected. Conclusion: miR-155, miRNA 146a, and miRNA 342-3P may have
important roles in regulating IL6 serum levels in immunosuppressed patients with

fungal infection.

INTRODUCTION

Over 500 fungal species are considered infectious to
humans, even though, there are countless fungal species
in the world. Most fungi may be found in the
environment and are also found in both humans and
animals as typical floral. Fungal infections have
garnered attention from public and industrial
communities as a new worldwide health problem. As a
result of their growing significance, the World Health
Organization (WHO) released the first-ever Fungal
Priority Pathogens List in 20222, The most common
invasive fungal pathogens include molds (mainly
Aspergillus spp.) and yeasts (mainly Candida spp.),
while other fungal pathogens occur in much lower
frequencies®.

Over the last few years, the prevalence of
immunocompromised patients in the general population
has been raised markedly*. Globally, invasive fungal
infections are considered one of alarming problems due
to their substantial infection and death rates®. Although
invasive fungal infections can cause morbidity and

mortality in immunocompromised patients, non-
neutropenic adult individuals hospitalized in intensive
care units (ICU) can also be infected with invasive
fungi®. In individuals with a competent immune system,
most fungal infections are either asymptomatic or lead
to non-specific signs and symptoms that typically
resolve without treatment’.

Cytokine deregulation has a vital role in various
diseases, including cancer diseases, infectious diseases,
and autoimmune diseases®. Cytokines have the potential
to treat various diseases due to their immunomodulatory
properties. Understanding their roles in immunity and
disease mechanisms is essential to developing effective
therapeutic interventions. Interleukin 6 (IL6) is a
multifunctional cytokine that plays a dual role in the
immune system, attributed to both pro-inflammatory
and anti-inflammatory effects. Its impact varies
depending on the specific context of the immune
response®. To coordinate the immune response with
infections, immune cells release extracellular vehicles
(EVs) that contain an adapted cocktail of proteins and
microRNAs (miRNAs)!. MicroRNAs are essential in
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regulating immune functions by guiding the
development of immune cell subsets like B cells and T
cells. They influence the development and function of
lymphocyte cells®tt, During a fungal infection, different
tissues, cells, and extracellular vesicles release miRNAs
differently, which modulates the host immune response
and either promotes or inhibits antifungal effects®2.

Published research has demonstrated a relationship
between the regulated immune response via miRNA and
the fungal infection mechanism®®4, Due to the limited
number of studies exploring pathogens and the immune
and molecular responses in various patient groups, this
study focused on two groups of immunosuppressed
patients with yeast and mold infections. Additionally, it
included a group of cancer patients who had no reported
fungal infections, in order to more accurately assess
patient responses. Therefore, the current study's
objective is to evaluate differences in the miRNA
expression and its relation to IL6 levels in
immunosuppressed patients during infection with yeasts
and molds. These findings may help in developing
future strategies to eliminate or inhibit invasive fungus
during infection.

METHODOLOGY

Population study:

The study population comprised a total of 24 healthy
volunteers, characterized by their lack of any evident
disease symptoms, absence of infections, and no
documented family history of diabetes or cancer. This
healthy cohort was critically important to establish a
baseline for comparison. In contrast, the patient group
consisted of 64 individuals diagnosed with various types
of cancer, all of whom were classified as
immunosuppressed. This immunosuppression made
them more vulnerable to infections, which was a
primary focus of the study. To investigate potential
yeast and fungal infections, a series of diagnostic tests
were done, resulting in the stratification of the patient
population into three distinct groups. The first group
included 22 patients diagnosed specifically with yeast
infections. The second group comprised 22 patients
identified with mold infections. Finally, the third group
included 22 cancer patients who exhibited no signs of
yeast or mold infections. Demographic data, any
comorbidity and final diagnosis of various cancers were
collected from patient’s records.

Sample collection:

A total of 5 mL of blood was drawn from patients

and healthy volunteers. For the ELISA test, 3 mL was

sampled in a gel tube for serum isolation. For gene
expression analysis, 200 puL of the blood sample was
combined with 800 pL of Trizol (Thermo Fisher
Scientific, Waltham MA USA) in a 2 mL Eppendorf
tube.

Fungi identification:

Samples taken from blood cases were cultured on
the Brain Heart Infusion Agar and then on Sabouraud
Dextrose Agar medium supplemented with amoxicillin
(250 mg/L). DNA extraction from the growing
colonies of fungi was conducted using the DNeasy t Kit
(QIAGEN, Germany). The ITS region was amplified at
95°C for 5 min, followed by 35 cycles of 95°C for 30
seconds, 49°C for 30 seconds, and 72°C for 2 min, and
final steps at 72°C for 5 min %, The amplified ITS-
rDNA gene was sent sequencing service (Macrogen,
Seoul, South Korea).

Detection of Serum Levels of Interlekon-6:

Serum levels of IL-6 were performed by Enzyme
Linked Immunoassay following the manufacturer's
protocols (Sunlong, China). The absorbance was
precisely measured at 450 nm using a Bio-Rad
Laboratories, Inc. microplate reader. The concentration
of IL6 in serum samples was quantified using standard
curves.

Gene expression analyses:

RNA was extracted using the miRNA universal
extraction Kit (QIAGEN, USA) following the
manufacturer's protocol. RNA quantitative and quality
were accurately determined with the NanoDrop ND-
1000 (NanoDrop Technologies, Waltham, MA, USA).
We utilized a specialized kit (QIAGEN, USA) for first-
strand cDNA synthesis targeting poly(A) microRNA
(miRNA), which provided all essential raw materials for
miRNA poly(A) tailing and reverse transcription
reactions. The amplification of cDNA samples
corresponding to miRNAs was effectively evaluated
using RT-PCR. AIll amplification reactions were
conducted with Power SYBR Green (Applied
Biosystems; Thermo Fisher Scientific, Waltham, MA,
USA). All amplification reactions were conducted with
Power SYBR Green The amplification conditions
included 95°C for 10 minutes, followed by 40 cycles of
95°C for 10 seconds, and 60°C for 1 minute, concluding
with a final dissociation stage to ensure the specificity
of the amplification according to manufacture condition
Kit (Thermo Fisher Scientific, Waltham, MA, USA).
The target genes and details of the primer sequences
that are complementary to them are described in Table
1.
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Table 1: The primer sequences were chosen for current study.

Genes Nucleotides sequence Source
ITS F TCCGTAGGTGAACCTGCGG 15
R TCCTCCGCTTATTGATATGC
miRNA 155-5p F ACCACCGTTAATGCTAATCGTGATA New design for
miRNA 146a F AACACGTGTGAGAACTGAATTCCAT the current
miRNA 342-3P F AACAATTCTCACACAGAAATCGCAC study
Universal R CAGTGCAGGGTCCGAGGT
ué GTGCTCGCTTCGGCAGCA
CAAAATATGGAACGCTTC

Statistical Analysis:

GraphPad Prism version 10.4.1. was used to perform
statistical analysis. The results are presented as mean *
standard deviation, and median (interquartile range). To
compare the statics variation between the two groups,
we used Student’s T-test. While detecting statics
variation among multiple groups, a one-way analysis of
variance (ANOVA) was followed by Tukey's test. The
receiver operating characteristic (ROC) curve was used
to characterize and compare the ability to distinguish
between immunosuppressed patients with fungal
infections and healthy individuals. Additionally,
Pearson correlation analysis was performed to measure
the correlation coefficient that measures the linear
correlation between two variables. If the p-value is less
than 0.05, it is judged as statistically significant.

RESULTS

Following diagnostic testing to ascertain whether
fungal infections were present in immunosuppressed
patients, 24 samples were chosen from patients without
a documented fungal infection, 22 samples were
selected from patients with yeast infections, and 22
samples were from patients with molds infections, based
on the results of culture, microscopic examination, and
DNA sequencing. Figure 1 shows Candida
parapsilosisas a sample for a yeast infection while
Figure 2 shows Arthroderma amazonicum as a sample
for a mold infection. Demographic and clinical data of
tested groups are summarized in Table 2.
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Fig. 2: Microscopic identification of Arthroderma amazonicum as a sample for a mold infection.
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Table 2: Represent demographic and clinical data of patients’ and healthy groups.

Cancer patients

Yeast infection Molds infections Without infection Control
Number 22 22 22 24
Age (mean £ SD) 62.64+ 11.38 58.73+14.93 59.05+ 8.313 51.54+10.26
Cancer duration
1-12 months 35% 25% 41% -
1-6 years 65% 75% 59% -
Family hist?ry of cancer 19% 15% 21% No
patients
Surgery 10% 12% 5% -
Comorbidity
Diabetes 20% 22% 10% 83 %
Hypertension 17% 26% 31% 12.5%
Diabetes w.ith 25% 279% 15% 8.3%
Hypertension
Without Comorbidity 38% 25% 44% 70.9 %

The relative miRNA 155-5p gene expression
analysis was calculated using the 2-ACt method and
compared to healthy individuals as controls. As shown
in Figure 3A. The folding of miRNA 155-5p  was
decreased in patients infected with yeast [mean + SD:
0.8354 + 0.2494, median (IQR): 0.7692 (0.6330,
0.9880), p < 0.001]; and mold [mean + SD:0.8853 +
0.2977, median (IQR): 0.8693 (0.6716, 1.118), p <
0.001]; respectively with control groups [mean + SD:
1.824 £ 0.6288, median (IQR): 1.874 (1.184, 2.411] and
patients without fungi infection [mean + SD: 1.322+
0.3683, median (IQR): 1.220 (1.042, 1.588)]. No

significant difference (p=0.979) was detected when
comparing the folding of miRNA 155-5p between yeast
and mold infection. The Area Under the Curve (AUC)
for miRNA-155-5p is 0.9261 (95% Confidence Interval
(CI) of 0.8643 -0.9879), which indicates its
effectiveness in distinguishing between patients (mold
and yeast infection) and control subjects.  The
sensitivity of the test is 81.82%, meaning it accurately
identifies 81.82% of patients with mold and yeast
infections. The specificity is 91.67%, indicating that it
correctly identifies 91.67% of healthy as not having
mold and yeast infections, as seen in Figure 3B.
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Fig. 3A: Box plot of Relative miRNA 155-5P expression among study group. Fig. 3B: ROC curve of the miRNA
155-5P expression between patients with fungi infection and healthy group.
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The expression levels of the miRNA 146a gene were
analyzed using the 2-ACt method, with healthy
individuals  serving as the control  group.
According to Figure 4A, the expression of miRNA 146a
was significantly increase in patients infected with yeast
(mean £ SD: 1.577% 0.°Y¢Y; median (IQR): 1.556
(Y.YYY, 1.899); p = 0.001) and in those infected with
mold (mean = SD: 1.467+ 0.5048; median (IQR): 1.542
(1.126, 1.v£A); p=0.011) compared to the health group
[mean + SD: 1.824 + 0.6288, median (IQR): 1.874
(1.184, 2.411] and patients without fungal infection
[mean + SD: 1.055+ 0.3741, median (IQR): 1.112

(0.7249, 1.304]. Moreover, there was non significant
difference (p = 0.858) in the expression of miRNA 155-
5p between yeast and mold infections. The AUC of
miRNA 146a is 0.7645 (95% Confidence Interval (Cl):
0.6528 - 0.8763), indicating it’s a fairly good ability to
distinguish between patients with mold or yeast
infections and healthy subjects. The test exhibits a
sensitivity of 56.82%, accurately identifying 56.82% of
patients with these infections. Its specificity is 84%,
showing it correctly identifies 84% of healthy
individuals as not having mold or yeast infections, as
illustrated in Figure 4B.
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Fig. 4A: Box plot of Relative miRNA 146a expression among study group. Fig.4B: ROC curve of the miRNA
146a expression between patients with fungi infection and healthy group.

The miRNA 342-3P gene's expression levels — were
analyzed using the 2-ACt method, with healthy
individuals serving as a control group. As illustrated in
Figure 5A, we found a significant increase in the
expression of miRNA 342-3P among patients infected
with yeast (mean £ SD: 2.393 + 0.4857; median [IQR]:
2.430 [2.148, 2.733]; p < 0.001) and those afflicted by
mold (mean + SD: 1.862 + 0.4979; median [IQR]: 1.773
[1.470, 2.343]; p < 0.001) when compared to the healthy
group (mean £ SD: 1.277 + 0.4018; median [IQR]:
1.191 [0.9259, 1.588]) and patients without fungi
infection [mean + SD: 1.277+ 0.4018, median (IQR):
1.191 (0.9259, 1.588]. Furthermore, our analysis
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revealed a significant difference (p = 0.033) in the
expression of miRNA 342-3P between yeast and mold
infections. Remarkably, the AUC for miRNA 342-3P
stands at 0.8797 (95% Confidence Interval [CI]: 0.8002
- 0.9593), it has a high ability to differentiate between
patients suffering from mold or yeast infections and
healthy individuals. The test boasts a sensitivity of
72.73%, identifying the patients with these infections.
Additionally, its specificity is an impressive 78.5%,
effectively recognizing 78.5% of healthy individuals as
free from mold or yeast infections, as demonstrated in
Figure 5B.
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Fig. 5A: Box plot of Relative miRNA 342-3P expression among study group. Fig. 5B: ROC curve of the miRNA

342-3P expression between patients with fungi infection and healthy group.

The IL6 levels were analyzed among the patient
group, with healthy individuals as a control group. As
shown in Figure 6, we noted a remarkable decrease in
IL-6 levels among patients infected with yeast (mean +
SD: 113.4+ 28.12; median [IQR]: 109.0 [97.16, 135.0];
p < 0.001) and those affected by mold (mean + SD:

145.2+ 74.52; median [IQR]: 145.1 [114.9, 181.0]; p <
0.001) when compared to the healthy group (mean +
SD: 220.6+ 0.4018; median [IQR]: 210.9 [160.0,
284.5]). Additionally, our analysis revealed a significant
difference in level 1L6 between yeast and mold

infections (p = 0.001).
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Fig. 6: Box plot of IL 6 level among study group.

To evaluate the overall correlation between
changes in interleukin-6 (IL6) levels and microRNAs
between patients infected with yeast and mold vs the
healthy group, Pearson’s correlation analysis was
conducted. The results, shown in Figure 7A, indicate
that the Pearson correlation coefficient was a moderate
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positive correlation between IL6 and miRNA 155-5p
(p=0.0004, r = 0.5089). Conversely, IL6 levels exhibited
negative correlations with miRNA 146a and miRNA
342-3p (r = -0.4544, p-value =0.0019 and r = -0.3238,
p=0.0320 respectively), Figure 7B and 7C.
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patients with fungi infection

DISCUSSION

In the current study, we found that yeast and mold
infections can reduce the expression of miR-155 and
increasing in folding of the miRNA 146a and miRNA
342-3P. In addition, our data showed reduced IL-6
levels in patients with fungal infection.

Communication between immune cells through
extracellular vesicle-associated miRNAs was reported
to be crucial for regulating immune responses.
Following a fungal infection, miRNASs appear in varied
expression responses, influencing the host immune
response through a variety of cellular mechanisms®®.
Our study showed downregulation in miR-155 and
upregulation of both miR-146a miRNA 342-3P in the
two groups of immunosuppressed patients infected with
molds and yeasts compared to the two groups of
patients without fungi infected and healthy groups.
miR-155 was transcribed from the B cell integration
cluster, promoting inflammation and the overexpression
of important oncogenic microRNAs (oncomiRs) in a
variety of human malignancies’. The mycotoxin
ochratoxin A (OTA), which is produced by fungi,
significantly increases miR-155-5p®. However, the
interpretation most consistent with the current results is
that confirmed by previous studies that reported down-
regulation of miR-155-5p is associated with advanced
tumor stages, indicating its potential role as a tumor
suppressort®®, A significant increase in interleukin
(IL)-8 cytokine production and IL-6 secretion during
inflammation were the outcomes of increased miR-155-
5p expression?.,

As for the results of the MiR-146a, they are
consistent with previous studies that led to the fact that
miR-146a regulates inflammation during Aspergillus
fumigatus infection, where overexpression reduces
TNF-a and IL-6, while downregulation increases these
cytokines??, another study also indicated During fungal
infection, MiR-146a regulates the immune response by
inhibiting the NF-xB pathway then reducing IL-6 and
TNFao after Dectin-1 activation by Candida albicans®.

To our knowledge, no previous study has linked
miR-342-3p expression with fungal infection. However,
prior research has detailed the role of miR-342-3p in the
immune response and its primary function in regulating
IL-6. Overexpression of miR-342-3p reduces
inflammatory cytokines TNF-a, cyclooxygenase-2, IL-
6, and IL-1B in T2DM?. Previous studies on irradiated
mice suggest that the upregulation of miR-342-3p
affects IL-6 levels, indicating a potential regulatory
relationship, but it does not confirm an inverse
correlation with 1L-6%°. The miR-342-3p levels were
significantly lower in Rheumatoid Arthritis patients and
inversely correlated with IL-6, suggesting that the
downregulation of miR-342-3p is associated with
increased IL-6 levels?®.

As for the interpretation of the results of IL 6, they
are consistent with the results of previous studies in
several aspects. IL-6 inhibition was associated with the
activation of T- and NK-cells, which countered the
immunosuppressive environment created by tumors?’.
Accordingly, it has been demonstrated that IL-6 helps to
suppress the growth of opportunistic fungi, such as
cryptococcal infection?® also 1L-6 deficiency increases
susceptibility to Candida albicans infection, as IL-6-/-
mice show lower survival rates and higher fungal
loads?®. which may explain the decreased IL6 levels
with fungal infection in the current study. In addition,
the infection can reach multiple organs and systems in
the body. In mice models, A lack of IL-6 increases the
growth of cryptococcal cells in the blood, which may
allow fungi to enter the central nervous system and be
linked to higher mortality3°.

Our study reveals findings that, somewhat similar to
previous research on the regulation of IL-6 in
immunosuppressed individuals with fungal infections,
contribute novel insights. We not only support earlier
work but also enhance it by highlighting the critical role
of this cytokine in cancer patients who are infected with
yeast and molds, in contrast to patients without fungal
infections and healthy controls. Additionally, we
demonstrate the possible regulatory roles of miRNA
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155-5p, miRNA 146a, and miRNA 342-3p with IL-6,
both directly or indirectly, during fungal infections.

The present results revealed moderate positive
correlation between IL6 and miRNA 155-5p while
negative correlations were detected between IL6 levels
with miRNA 146a and miRNA 342-3p. These findings
suggest that miR-155, miRNA 146a, and miRNA 342-
3P are critical in regulating the inflammatory response
in immunosuppressed patients with fungal infections.

Unfortunately, the study included a relatively small
sample. Further researches are needed to examine more
closely the links between IL6 gene regulation and
fungal infection, especially in mice and human samples

CONCLUSION

The present study reported downregulation of miR-
155 and upregulation of miR-146a and miRNA 342-3P
in immunosuppressed patients infected with molds and
yeasts compared to non-infected and healthy groups.
Additionally, IL6 levels were significantly decreased in
yeast and mold-infected patients compared to healthy
individuals. The evidence from this study suggests that
IL6 has a vital role in the immune response to fungal
infection in immunosuppressed patients. Also, miR-155,
miRNA 146a, and miRNA 342-3P may have important
roles in regulating IL6 serum levels in
immunosuppressed patients with fungal infections.
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