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Abstract

Background This study aimed to measure the expression levels of peripheral blood miRNAs in brucellosis and their involve-
ment in the different phases of the brucellosis.

Methods The expression levels of miRNAs including miR-210, miR-155, miR-150, miR-146a, miR-139-3p, miR-125a-5p,
miR-29 and miR-21 were quantified in 57 brucellosis patients subgrouped into acute, under treatment & relapse phase and
30 healthy controls (HCs) using real-time polymerase chain reaction (RT-PCR). The receiver operating characteristic (ROC)
analysis curve analysis was performed to find a biomarker for discrimination of different phases of brucellosis.

Results The expression of miR-155, miR-146a, miR-125a-5p, miR-29, and miR-21 was found to be elevated in the acute
brucellosis patients compared to HCs. miR-29 changed in under-treatment patients, while miR-139-3p and miR-125a-5p
showed alterations in relapse cases. The ROC curve analysis depicted the potential involvement of miR-21 in the pathogen-
esis of acute brucellosis.

Conclusion The expression level of miR-21 is significantly augmented in acute brucellosis and has the potential to be a
contributing diagnostic factor for acute infection.
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Introduction

Brucellosis, the most common zoonotic disease found
globally, is caused by the genus Brucella bacteria
with > 500,000 new cases of infections being reported
annually [1, 2]. Brucellosis is more prevalent endemically
in developing countries, especially in the Mediterranean
and the Middle East regions with more than 10 cases per
100,000 population [3, 4]. Among the known ten species
of Brucellosis, i.e. Brucella abortus and Brucella meliten-
sis are the 2 most common species observed in Iran and
it can not only lead to severe human morbidity but also
considerable economic losses in livestock [5, 6]. These
intracellular gram-negative bacteria mostly infect domestic
animals with humans being incidental hosts. Human bru-
cellosis generally presents itself as an acute febrile illness
with symptoms such as fatigue, undulating fever, shiver-
ing, perspiration, anorexia, and weight loss [1]. Lack of
treatment or delayed diagnosis/misdiagnosis during this
phase may cause failure to clear the bacterial infection
leading to persistent or chronic disease. Cellular immune
responses mediated via various immune cells including
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T-helper 1 (Thl) cells, macrophages and dendritic cells
result in early phase clearance of the intracellular Brucella
bacteria during the phagocytosis process [7]. However, the
relapse phase of brucellosis occurs mostly due the out-
standing ability of Brucella to survive and replicate for
prolonged periods within host macrophages by evading
the host immune system [5].

MicroRNAs (miRNAs) are small, non-coding RNAs of
17-25 nucleotides in length that can regulate the expres-
sion of genes through binding to the 3'-untranslated region
(3'UTR) of their target mRNA. miRNAs have been impli-
cated in several physiological and pathological processes
[7]. miRNAs have also been shown to play a crucial role in
the pathogenesis of a vast variety of diseases such as cancer,
autoimmunity and infectious diseases [8]. Increasing evi-
dence implies that miRNAs play a pivotal role in pathogens’
transmission and in the host response to infection, mostly
through targeting of molecules involved in the immune
responses [9—12]. Alternatively, pathogens can also regu-
late the expression of host miRNAs such as the Brucella
can evade the host immune system by modulating miRNAs
[13, 14]. Several studies have observed altered expression
of miRNAs in the biological fluids of brucellosis [15-17].
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Therefore, circulating nucleic acids such as miRNAs (cf-
miRNAs) are considered as valuable auxiliary diagnostic/
prognostic biomarkers due to their easy accessibility and
stability as well as their minimal invasive measurement
[18]. Hence, evaluation of miRNA expression profiles may
provide some promising information for the diagnosis and
therapeutic monitoring of Brucellosis.

The aim of the present study was to investigate the
expression levels of peripheral blood miRNAs, includ-
ing miR-210, miR-155, miR-150, miR-146a, miR-139-3p,
miR-125a-5p, miR-29 and miR-21 in brucellosis patients
and healthy controls (HCs). Studied miRNAs were selected
through text-mining to evaluate candidate miRNAs involved
in the pathogenesis of brucellosis and to explore the impact
of brucellosis on whole blood miRNA expression levels.
ROC analysis was also performed to find a non-invasive
indicator for distinguishing the brucellosis phases.

Materials and methods
Patients and samples

For this case—control prospective cohort study, 100 patients
with brucellosis were recruited from Sina University Hos-
pital (Table 1) and blood samples from 57 of these patients
were used to measure the miRNA expression level [19].
Written informed consent from all patients were obtained
for using their samples and clinical data. The patients were
grouped into three categories: a) 23 patients with acute
brucellosis who did not receive antimicrobial therapy and
the onset of their disease was less than 3-months, b) 20
patients who were treated with doxycycline (100 mg/BD)
and rifampin (600 mg/day) for 4-8 weeks (under-treatment
group) and c) 14 cases with relapsed brucellosis (some
symptoms reappeared during 3 months to 2 years after ini-
tial treatment). Brucellosis diagnosis was confirmed based

Table 1 Demographics and
clinical characteristics of the

Patient (n=100)

study groups Acute Under treatment n=41 Relapse
n=36 n=23
Gender (F/M) 10.26 15.26 12.11
Age (mean +SD) 3278 +13.42 43.29+15.38 44.96+17.91
Living status (rural/urban) 342 39.2 21.2
Time of diagnosis® 5.57+5.79 7.26+7.21 10.96+7.42
Symptoms (%)
Fever 25(69.4) 31(75.6) 18(78.3)
Chills 27(75.0) 31(75.6) 17(73.9)
Weakness 22(61.1) 26(63.4) 18(78.3)
Fatigue 30(83.3) 34(82.9) 20(87.0)
Sweating 25(69.4) 32(78.0) 12(52.2)
Sleep disorders 12(33.3) 23(56.1) 12(52.2)
Weight loss 23(63.9) 28(68.3) 19(82.6)
Anorexia 27(75.0) 26(63.4) 20(87.0)
Headache 15(41.7) 16(39.0) 11(47.8)
General body pain 24(66.7) 29(70.7) 19(82.6)
Lumbar pain 25(69.4) 33(80.5) 21(91.3)
Back pain 14(38.9) 24(58.5) 12(52.2)
Arthralgia 29(80.6) 32(78.0) 17(73.9)
Abdominal pain 7(19.4) 11(26.8) 521.7)
Testicular painb 9(34.6) 3(11.5) 2(18.2)
Constipation 5(13.9) 9(22.0) 8(34.8)
Diarrhea 3(8.3) 5(12.2) 5(21.7)
Cough 8(22.2) 11(26.8) 4(17.4)
Behavioral disorders 14(38.9) 21(51.2) 9(39.1)
Antibody screening
Wright (< 1/80, > 1/80) 17,19 25,16 11,12
2ME (< 1/40, > 1/40) 16, 20 25,16 11,12
Coombs Wright (< 1/160, > 1/160) 17,19 25,16 11,12

aTime of diagnosis presented as weeks (mean =+ SD) after the onset of disease. "Among males
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on the following criteria: a) clinical symptoms such as per-
spiration, fever, chills, fatigue, anorexia and weight loss,
(b) detection of specific antibody titres using standard tube
agglutination assay titer (wright titre: 1/80, 2-mercaptoe-
thanol (2ME) test: 1/40 and coombs wright titre: 1/160)
[20]. The exclusion criteria were as follows: 1) diagnosis of
chronic diseases including autoimmune diseases and can-
cer; 2) other infectious diseases; 3) receiving of immunosup-
pressive drugs and antibiotics within 2 weeks before sample
collection.

The control group included 30 sex and age-matched
healthy individuals enrolled from the same geographic
region.

Data collection

We employed text-mining techniques to identify a set of
miRNAs for investigation, aiming to elucidate the poten-
tial roles of miRNAs in the pathogenesis of brucellosis
(Table 2). A comprehensive literature review was con-
ducted by using various online databases, such as National
Center for Biotechnology Information (NCBI) https://pub-
med.ncbi.nlm.nih.gov/advanced/ using the search terms
Brucellosis and miRNA: "brucellosis"[MeSH Terms] OR
"brucellosis"[All Fields] OR "brucelloses"[All Fields])
AND ("micrornas"[MeSH Terms] OR "micrornas"[All
Fields] OR "mirna"[All Fields] OR "mirnas"[All Fields]
OR "mirna s"[All Fields]). We also checked the mentioned
keywords in google scholar using advanced search to extract
relevant literature.

Evaluation of miRNAs expression

Relative quantification of miRNAs expression levels were
carried out by real-time polymerase chain reaction (RT-
PCR). Total RNA was isolated from whole blood sam-
ples of HCs and brucellosis patients’ subgroups using
RNXTM-PLUS solution (CinnaGen, Iran). RNA quality

and quantity was assessed by measuring 260/280 ratio
using a NanoDrop spectrophotometer (Thermo Fisher
Scientific, USA). 5 ng of total RNA was reverse tran-
scribed into cDNA using a first-strand cDNA synthesis
kit (Exiqon, Denmark) as per manufacturer’s instructions.
Quantitative RT-PCR was carried out using miRCURY
LNATM Universal RT microRNA PCR (Exiqon, Den-
mark) as per the manufacturer’s instructions. The assay
was run in duplicate in a LightCycler instrument (Light-
Cycler 96, Roche, Germany). U6 small nuclear RNA
(snRNA) was used as a housekeeping gene for data nor-
malization and the expression fold change of each miRNA
was calculated using the comparative cycle threshold (CT)
27ACT method.

Identification of miR-21 target genes and related
pathways

Three widely used miRNA target prediction databases,
including TargetScan (http://www.targetscan.org/),
miRDB (http://www.mirdb.org/) and miRTarBase (http://
mirtarbase.mbc.nctu.edu.tw/) were used to predict poten-
tial miR-21 target genes. The predicted gene list from all
the above databases were compared using a Venn diagram
to extract the overlapping target genes. Furthermore, bio-
informatic-analysis based Diana prediction tool was also
used for the identification of miR-21-gene interaction. The
threshold was set to 0.6. To explore the biological pro-
cesses linked to the identified potential targets related to
miR-21, we employed the Metascape platform for Gene
Ontology (GO) analysis (http://metascape.org) [21]. The
STRING database (http://string-db.org/) was used to esti-
mate the correlation between the identified target genes,
by setting the medium confidence to 0.400 and the impor-
tant miRNA-gene network was constructed using miRTar-
getLink 2.0 (https://ccb-compute.cs.uni-saarland.de/mirta
rgetlink?2).

Table 2 The potential role

b . miRNA Main function in Brucellosis / infection References
of selected microRNAs in
Brucellosis miR-210 Inducing of inflammation and sepsis [22]
miR-155 Inhibits inflammation [25]
Inhibits TLR agonists-induced IL-12 production
miR-150 Immune Response Regulation [23]
miR-146a Inhibits inflammation [27, 28]
Suppression of Th1-mediated responses
miR-139-3p Brucellosis chronicity link [15]
miR-125a-5p Inhibits Brucella. abortus survival [35]
miR-29 Suppresses IFN-y production [36]
miR-21 Apoptosis inhibitor [28, 40],
Potential role in Brucella bacteria survival [16, 25],
by targeting of immune system [48, 49]
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Statistical analysis

The D'Agostino-Pearson omnibus normality test was
applied to define the normality of data distribution.
Kruskal-Wallis test was used, followed by Dunn's multi-
ple comparisons test for comparisons of miRNA expres-
sion levels between the patients’ subgroups and HCs. The
receiver operating characteristic (ROC) analysis was per-
formed between patients with acute brucellosis and HCs
and the area under the curve (AUC) was measured by cal-
culating sensitivity and specificity. P values equal to or
less than 0.05 are considered statistically significant.

Results

Demographics and clinical features of the study
population

As previously described [19], there were no remark-
able differences for sex and age variables between HCs
and patients’ subgroups. 100 patients with brucel-
losis (63 males and 37 females), with a mean age of
39.89 +16.11 years and 30 age-matched HCs (15 males
and 15 females), with an average age of 41.07 +9.46 years,
were enrolled in the present study. 57 samples of patients
were used to measure the miRNAs expression levels. The
prevalence of brucellosis was higher in males compared
to females and more in rural regions than urban areas.
Moreover, there were no significant differences in post-
diagnosis antibody screening assessments among patients’
subgroups (Table 1).

Expression level of miRNAs in brucellosis patients
and healthy controls

Five out of the eight miRNAs evaluated, miR-155 (P=0.02),
miR-146a (P=0.03), miR-125a-5p (P=0.021), miR-29
(P=0.02), and miR-21 (P=0.0037) were found to be up-
regulated in acute brucellosis compared to HCs (Fig. 1,
Table 3). Moreover, miR-21 was also found to be signifi-
cantly increased in acute brucellosis patients compared
to under-treatment (UT) cases (P=0.02) and patients in
relapsing (R) phase (P=0.037) (Fig. 1H). miR-125a-5p
and miR-139-3p were significantly up-regulated in patients
with relapse in comparison to HCs (P=0.049 and P=0.031,
respectively). Among the miRNAs, miR-29 expression is
considerably elevated in under-treatment patients compared
to HCs (P=0.04), (Fig. 1G). As illustrated in Fig. 1, the
analysis of the expression levels of miR-210 and miR-150
indicated no significant differences among the three groups.

miR-21 as an auxiliary diagnostic marker of acute
brucellosis

The assessment of miRNA expressions was evaluated
based on their accuracy displayed using the area under the
curve (AUC). The analysis of ROC curves for miR-155,
miR-29 and miR-21 indicate their potential as biomark-
ers, with AUC values of 0.71, 0.80 and 0.81 respectively
(Fig. 2). Notably, miR-21 expression demonstrated the
highest discriminatory capacity as a potential biomarker
for distinguishing the acute phase. The ROC curve analy-
sis revealed that the relative expression of miR-21 can
effectively differentiate acute brucellosis from HCs, with a
specificity of 84% and a sensitivity of 73.6% (P =0.00083,
Fig. 2E).

miR-21 may target Inmunomodulatory molecules
during the acute phase of brucellosis

Based on the miRNA expression assessment and ROC
analysis, the findings suggest that upregulation of miR-21
levels in whole blood could potentially serve as a robust
biomarker in accurately identifying the acute phase of the
disease. According to the analysis by the various target pre-
diction databases, miR-21 is involved in the regulation of
384, 469, 625 and 1023 target genes as identified via Tar-
getScan, miRDB, miRTarBase and DIANA tools respec-
tively. The comparative analysis revealed 41 overlapping
potential target genes associated with miR-21 Among the
predicted target genes, transforming growth factor-f§ (TGFB)
1, Signal transducer and activator of transcription (STAT) 3,
Chemokine ligand (CCL)1, and CCL20 genes are involved
in the regulation of the immune system (Fig. 3A) Based
on the Diana prediction tool, four additional immune target
genes associated with miR-21, including TGFB1, TGFB2,
IL-2RA, and IL-10 were identified. Among the predicted
target genes, TGFB1, TGFB2, IL-2RA and IL-10 genes with
a seed region of 8-mer for TGFB1/2 and 7-mer for IL-2RA
and IL-10 genes are involved in the immune responses and
Brucella pathogenesis.

Using miRTargetLink 2.0 and selecting strong validated
genes linked to miR-21, 132 target was found. Among them,
18 immune related genes was visualized. (Fig. 3B).

The analysis of top-level Gene Ontology biological
processes reveals a significant association between genes
linked to miR-21 and processes within the immune system
(Fig. 3C). Additionally, among immune target genes of miR-
21, those were selected which interact with each other and
play prominent roles in the immune system. Protein—pro-
tein interactions of target genes were investigated using the
STRING11.0 database (Supplementary Fig. 1).
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miR-150 ns ns ns ns ns ns
miR-146a 0.0298 ns ns ns ns ns
miR-139-3p ns ns 0.0323 ns ns ns
miR-125a-5p 0.0199 ns 0.0493 ns ns ns
miR-29 0.0207 0.0471 ns ns ns ns
miR-21 0.0036 ns ns 0.0208 0.0376 ns

Healthy controls (HCs) (n=30), acute brucellosis (A) (n=23), under treatment (UT) (n=20), relapse of
disease(R) (n=14).). p values were calculated using Kruskal-Wallis test
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Fig.2 Receiver operating characteristic (ROC) curve analysis of all
the miRNAs. ROC curve was performed to distinguish between acute
brucellosis patients (n=23 s) and healthy controls (HCs) (n=25).
Area under the curve (AUC) and P-value of miR-155 (A), miR-146a

Discussion

Human Brucellosis is a global multisystem disease that pre-
sents with varied symptoms causing difficulty in diagnosis.

(B), miR-125a-5p (C), miR-29 (D), and miR-21 (E) are represented.
Among all miRNAs, it is indicated that miR-21 expression had
good diagnostic power for distinguishing the acute phase from HCs
(P=0.00083)

Recently, mounting evidence has indicated the importance
of circulating miRNAs as ideal biomarkers for diagnosis of
infectious diseases including brucellosis [18]. Early diag-
nosis of the disease can result in an improved outcome and
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better management of the disease. These circulating nucleic
acids have ample stability mainly owing to their encapsula-
tion in lipid vesicles or the constitution of complexes with
various sorts of proteins that conserve them against deg-
radation [18]. Several studies have shown altered expres-
sion of miRNAs in biological fluids of brucellosis patients
[15, 17]. Zhang C. et al. indicated a significant increase in
the expressions of miR-15a-3p, miR-7-2-3p, miR-103b in
serum samples of brucellosis patients and suggested miR-
103b as a serum biomarker for brucellosis detection [17]. In
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another study, the expression levels of miR-1238-3p, miR-
6069, miR-494 and miR-139-3p were shown to be altered
in peripheral blood mononuclear cells (PBMCs) of patients
with chronic brucellosis [15].

In this study, the expression levels of eight circulating
miRNAs, including miR-210, miR-155, miR-150, miR-146a,
miR-139-3p, miR-125a-5p, miR-29 and miR-21 in brucel-
losis patients, subgrouped into three categories as acute bru-
cellosis (A), under treatment (UT) and relapse (R) brucel-
losis, were determined and compared with healthy controls
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(HCs). Studied miRNAs were chosen via text-mining to
evaluate candidate miRNAs involved in the diagnosis of
brucellosis.

Among our selected miRNAs, the gene expression levels
of miR-155, miR-146a, miR-125a-5p, miR-29, and miR-21
were elevated in acute brucellosis compared to HCs.

No significant differences in the expression levels of
miR-210 and miR-150 were found among the three patients'
subgroups. miR-210 is up-regulated in monocytes and mac-
rophages in response to pathogen interaction and elevated
levels of miR-210 in circulating monocytes in humans cor-
relate with the incidence of sepsis [22]. miR-150 influences
the function of immune cells and it suppresses the proin-
flammatory potential of macrophages [23].

Previous studies agree with our findings that expression
of miR-155, miR-146a, miR-125a-5p are associated with the
acute phase of the disease and inflammatory conditions [24].

miR-155 was found to be elevated by Francisella tular-
ensis, Helicobacter pylori, and in the wild-type Brucellosis-
infected human monocyte and macrophages [14, 25, 26]. It
has been reported that Omp25 (the main outer membrane
protein of Brucella species) inhibits Toll-like receptor (TLR)
agonists-induced IL-12 production in monocytes and mac-
rophages through up-regulation of miR-155 [25]. It has also
been reported that miR-155 suppresses the production of
endotoxin-stimulated TNF-o and decreases the inflamma-
tory responses by targeting Myeloid differentiation primary
response 88 (MyD88) and SH-2 containing inositol 5’
polyphosphatase 1 (SHIP-1) during Francisella tularensis
infection [23]. Moreover, Helicobacter pylori increases the
miR-155 expression in gastric mucosal tissues and epithe-
lial cell lines. This enhancement in miR-155 expression
leads to negative regulation of IL-8 production [14]. Taken
together, all the results suggest that miR-155 may function as
a negative regulator of inflammation during bacterial infec-
tion. Hence, it is plausible that the observed post-treatment
decrease of miR-155 expression in our study group could
potentially be associated with effective management of the
infection.

miR-146a negatively regulates the inflammation pro-
cess by targeting and suppressing the expression of pro-
inflammatory genes, such as those involved in the TLR and
Nuclear Factor-kappa B (NF-kB) signaling pathways [27].
The expression of miR-146a was high in Brucella-infected
cells [28]. This miRNA was found to be up-regulated in
heat-killed Candida albicans-infected macrophages as well
as via LPS induction [29]. It has been demonstrated that
Epstein—Barr virus latent membrane protein 1 (LMP1) can
stimulate the expression levels of miR-146a to suppress the
interferon response and increase its survival [30].

In our study, the expression level of miR-125a-5p was
enhanced in the acute and relapse phase of brucellosis. It
has been reported that the expression levels of miR-125a-5p

is decreased in FOXP3-positive T cells, and its overexpres-
sion was found in effector T cells compared to resting nTreg
cells [31]. The expression profile of miRNAs has been
evaluated during Mycobacterium avium infection of mac-
rophages and miR-125a-5p was considered to be altered in
these immune cells. It is demonstrated that upregulation of
miR-125a-5p remarkably elevate autophagy and declined
M. avium survival [32]. In another study, it is found that
miR-125a-5p can be an impressive inhibitor of the expres-
sion of human hepatitis B virus (HBV) surface antigen [33].
These studies suggest that miR-125a-5p has a positive role
in the eradication of infection. Alternatively, miR-125a-5p
has been shown to impede the activation of classical mac-
rophages (M1), which are crucial for eradicating infections
like brucellosis, while promoting the induction of alternative
(M2) activation [34]. In another investigation, researchers
have discovered that Brucella abortus infection leads to the
downregulation of miR-125b-5p within macrophages. Their
research has clarified the role of miR-125b-5p in targeting
A20, an inhibitor of NF-kB activation, and subsequently, the
decrease in the production of TNFa. Therefore, the presence
of miR-125b-5p diminishes the survival of B. abortus. A20
promotes B. abortus intracellular growth via inhibition of
macrophage activation and their death [35].Nevertheless,
further studies are required to clarify the exact role of miR-
125a-5p in brucellosis.

miR-139-3p was increased only in patients in the relapse
phase of brucellosis compared with other groups. A recent
study by Budak et al. demonstrated a decrease in miR-
139-3p expression in PBMCs of brucellosis patients and
its relation to the chronicity of the disease. They also dem-
onstrated miR-139-3p relation to various mechanisms and
cellular pathways including bacterial invasion of epithelial
cells pathways, cytokine-cytokine receptor association, T
cell receptor signaling pathway and chemokine signaling
pathway [15]. A probable explanation for this discrepancy
may be differences in the methodology, study groups and
their clinical status.

miR-29 expression was increased in under-treatment
patients. As reported by Steiner et al. miR-29 suppresses
IFN-y production following targeting of T-bet suggesting
that miR-29 can regulate improper expression of IFN-y [36].
Moreover, our previous report on these patients indicated
that 4-8 weeks of treatment with doxycycline (100 mg/BD)
and rifampin (600 mg/day) reduces the abundance of Thl
and secretion of IFN-y [19]. The decrease in serum level of
IFN-y after the treatment of brucellosis patients has also
been reported previously [37]. Taken together, it is possible
that the downregulation of IFN-y production correlates with
overexpression of miR-29 in the under-treatment patients.

We found that miR-21 was remarkably increased in acute
brucellosis patients in comparison to other subgroups.
In a study conducted by Singh et al., high expression of
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bta-miR-21-5p was reported in the PBMCs of water buf-
faloes infected with Brucella [16].

It has been demonstrated that pathogens are able to
exploit host miRNAs to escape from the immune response
[9]. The survival capability of bacteria inside the mac-
rophages was seen in the relapse phase and chronic infection
of brucellosis via altering macrophage’s activities including
inhibition of apoptosis [5, 38]. Studies have shown that miR-
21 can directly target and regulate the expression of B-cell
lymphoma-2 (Bcl-2). Overexpression of miR-21 leads to a
decrease in the levels of Bcl-2 protein within the cells. The
downregulation of Bcl-2 by miR-21 has been implicated in
promoting cell survival and resistance to apoptosis [39].

He et al. revealed the downregulation of Bcl-2 as an
anti-apoptotic protein in Brucella-infected RAW264.7 cells
which are generally used because of their similarity to pri-
mary macrophages [28, 40]. In another study, it has been
shown that miR-21 promotes M. tuberculosis survival and
apoptosis while diminishing the secretion of inflammatory
cytokines (IL-1p, IL-6, and TNF-a) by targeting Bcl-2 and
TLR4 [41].

It has been shown that Omp25 leads to overexpression of
miR-21 in monocytes and macrophages. The enhancement
of miR-21-5p negatively regulates IL-12 production by tar-
geting 3'UTR of IL12A and IL12B, resulting in the inhibi-
tion of the expression of IL-12 p35 and p40 subunits [25].
IL-12 is produced in the initiation of the infection process
and is involved in starting the immune response against Bru-
cella. It promotes the activation of macrophages and facili-
tates the connection between innate and adaptive immune
responses to eliminate Brucella infection [42]. Therefore,
an increase in miR-21 expression seems to result in immune
dysfunction during Brucella infection [25].

Considering miRNAs, crucial role in the regulation of
the immune system, we aimed to identify immune target
genes of miR-21 associated with Brucella infection. Through
bioinformatics analysis, we observed that miR-21 specifi-
cally targets TGFB1, TGFB2, IL-2RA, IL-10, STAT3,
CCL1, and CCL20 genes. In our comprehensive bioinfor-
matics analysis, we found TGFB1 to be a shared target gene
across all datasets, indicating its significant association with
miR-21. It has been shown that the decline in the miR-21
expression leads to an elevated expression of Foxp3, TGF-
B1 and circulating Treg cells frequency [43]. Studies have
indicated that the activity of regulatory cells can suppress
the immune responses against pathogens in brucellosis [44].
It is also reported that the enhanced activity of TGF-P1 is
associated with suppressed T cell responses and prolonga-
tion of disease in patients with chronic brucellosis [45].
Thl cells have a central role in immunity to brucellosis and
the shift of responses from Th1l to Th2 through IL-4 and
IL-10 production may result in the severity of infection [44].
Therefore, it can be suggested that enhanced expression of
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miR-21 can beneficially modulate the immune responses by
selectively targeting genes associated with negative regula-
tion of immune responses. Studies have shown that TGFB1
and TGFB?2 are involved in the negative regulation of mac-
rophage cytokine production thereby modulating immune
responses [46]. Hence, miR-21 could play a regulatory role
in this pathway and be effective in the eradication of infec-
tion through suppression of TGFB1 and TGFB2 mRNA
expression.

It has been shown that suppression of miR-21 with anti-
sense oligonucleotides significantly enhanced the expres-
sion of IL-10 in B cells. This indicates that miR-21 directly
regulates the production of IL-10 [47]. Studies showed that
B. abortus infection triggers the production of IL-10 and
polymorphisms of IL-10 gene have been associated with
elevated susceptibility to human brucellosis [48].

MiR-21 can directly target and downregulate nega-
tive regulators of STAT3, which is a transcription factor
that plays a crucial role in immune responses and inflam-
mation, leading to increased STAT3 activity. Wang et al.,
demonstrated that STAT3 is a direct target of miR-21 in
macrophages. The presence of miR-21, along with the lipid
mediator prostaglandin E2 (PGE2), plays a significant role
in determining the polarization of macrophages. Silencing
of the STAT3 gene dysregulates PGE,-mediated expression
of M2 genes in miR-21-/- macrophages [49].

Based on our analysis, another target for miR-21 is
CCL20, which acts as a chemotactic factor for lymphocytes.
It has been observed that miR-21 can directly target and
regulate the expression of CCL20. This regulation of CCL20
expression by miR-21 may impact immune cell recruitment
and inflammatory processes [50].

Altogether, all the predicted immune pathway related
miR-21 target genes have been shown in several studies to
be involved in modulation of infection induced immunity
however their functional linkage with miR-21 requires fur-
ther exploration.

Additionally, ROC curve analysis demonstrated that the
corresponding AUC was 0.81, suggesting that miR-21 can
be considered as a potential auxiliary indicator for acute
brucellosis detection.

In summary, we investigated the expression profile of
eight relevant miRNA in Brucellosis patients and observed
that the expression of miR-21 is increased in patients in the
relapse phase of brucellosis. Based on extensive literature
survey, we hypothesize that miR-21 up-regulation could
be correlated with Brucella's ability to survive inside the
macrophages. miR-21 could be considered a potential thera-
peutic target for brucellosis. Inhibiting miR-21 could poten-
tially disrupt the mechanisms that allow Brucella to survive
inside macrophages by altering the regulation of key genes
such as Bcl-2, TGFB1, TGFB2, and STAT3. In addition,
suppression of miR-21 might prevent the downregulation
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of inflammatory cytokines like IL-1f, IL-6, and TNF-a,
which are crucial for an effective immune response against
intracellular infections. Furthermore, suppression of miR-21
could potentially reduce the production of IL-10, which has
been associated with susceptibility to brucellosis. This could
help in controlling the immunosuppressive effects of this
cytokine. Since miR-21 downregulates Bcl-2, therapeutic
strategies aimed at reducing miR-21 levels might promote
apoptosis in infected macrophages, leading to better clear-
ance of the bacteria. However, further studies and experi-
ments are essential to validate this hypothesis and to evaluate
the potential target genes of miR-21 and its relationship with
the development of brucellosis.

Conclusion

We evaluated the circulating levels of eight miRNAs in
patients with acute, under-treatment and relapse brucellosis,
and found that miR-21 is remarkably increased in acute bru-
cellosis patients. ROC curve analysis indicated that miR-21
may be a potential auxiliary biomarker for the diagnosis of
acute brucellosis. Monitoring miR-21 levels could aid in the
early detection and diagnosis of the disease. As described
above, sufficient evidence exists that describe the role of
the currently investigated miRNAs, including miR-21 in
immune modulation and inflammation during Brucellosis.
However, the mechanism of action of miRNAs in Brucella
pathogenesis requires additional investigation. In addition,
further studies are required to validate the potential immune
pathway related targets of miR21, including TGFBI1,
TGFB2, IL-2RA, IL-10, STAT3, CCL1, and CCL20 genes
and their relationship with development and progression of
human brucellosis. Hence, characterization of the role of
miRNAs in host-Brucella interactions could serve as the
foundation for the development of prognostic and therapeu-
tic strategies.
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