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Abstract

Background: Tuberculosis (IB) is one of the leading causes of death worldwide. Besides, one-third of the
wortld population is infected with Mycobacterinm tuberculosis (IMTB) while staying clinically asymptomatic; the sit-
uation is called latent TB infection (LTBI). MiR-21, miR-31, miR-146a, and miR-155 play an important role in
many immune and inflammatory pathways. In the present study the expression levels of MiR-21, miR-31, miR-
146a, and miR-155 in peripheral blood mononuclear cells (PBMCs) from patients with active TB, latently in-
fected individuals (LTBI), and healthy controls (HC) were investigated. Participants were recruited at the Boua-
li Hospital, Zahedan University of Medical Sciences, Zahedan, Iran from 2010 to 2011.

Methods: PBMCs were stimulated with PPD before RNA extraction. TagMan RT-qPCR assay was used to
analyze the expression levels of miRNAs.

Results: The results indicated no significant differences in the expression of miR-21 and miR-31 between dif-
ferent groups; however, in patients with active TB, the expression of miR-21 (P=0.03) and miR-31 (P=0.04)
were significantly increased after stimulation with PPD compared to the unstimulated condition. The expres-
sion of miR-146 in response to PPD in both LTBI (P=0.02) and TB (P=0.03) groups compared to the HC
group was increased. No significant differences were found in the expression level of miR-155 in response to
PPD between LTBI and HC groups. However, the fold change was significantly higher in the TB group in
comparison with the HC (P=0.03) and LTBI (P=0.05) groups.

Conclusion: The results confirm the main role of miR-146 and miR-155 in TB infection and suggest a role for
miR-146 and miR-155 as infection and activation markers in tuberculosis infection, respectively.
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Introduction

Tuberculosis (TB) is an ancient disease caused by
Mycobacterium tuberculosis (MTB) and remains one
of the most important infectious diseases, partic-
ularly in developing countries. In 2019 around 10
million new TB infections and 1.4 million deaths
were reported worldwide. In addition to the dis-

ease, one-third of the world population is
thought to be latently infected (LTBI) with M'TB;
however, only about 5%—10% of them progress
to active disease (1,2).

Besides the role of bacillary virulence determi-
nants, host genetic and immune backgrounds

Copyright © 2023 Alijani et al. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license.
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited

Available at:  http://ijph.tums.ac.ir




Alijani et al.: Differential Expression of miR-146 and miR-155 ...

play a major role in determining the clinical mani-
festations and the disease outcome. Recently, the
role of microRNAs (miRNAs) in the immune
system has been considered. MiRNAs are a class
of endogenous, small, non-coding RNAs of ap-
proximately 20~25 nucleotides, and are potent
modulators of gene expression by binding to the
3’ untranslated region (UTR) of target mRNA
sequences and post-transcriptionally down-
regulate their expression. They regulate about
one-third of the human genes (3). Growing evi-
dence suggests that miRNAs are implicated in the
development and differentiation of immune cells
and their immunological functions including both
innate and acquired immune systems (4). The
expression levels of miRNAs have also been as-
sociated with different noninfectious and infec-
tious. Altered expression of miRNAs has been
reported in various bacterial infections correlated
with an imbalance of the Th17/Treg ratio (5).
MiRNAs are also involved in viral infections by
inhibiting virus replication or promoting patho-
genesis (6). Moreover, miRNAs perform an im-
portant role in the pathogenesis of human cancer;
some miRNAs may act as oncogenes, and others
can act as tumor suppressors based on the target
gene character. Tumor-suppressive miRNAs by
targeting cancer-inducing genes decrease their
expression in cancer cells. Conversely, tumor-
promoting miRNAs inhibit the expression of
tumor inhibitor genes (7,8). Indeed, disease-
associated miRNAs represent a new class of di-
agnostic markers or therapeutic targets (6,9,10).

Numerous studies have indicated the roles of
miRNAs in the diagnosis, treatment, and disease
pathogenesis of TB. Upon MTB infection, sever-
al miRNAs modulate the host mechanism, either
favoring the host or the pathogen. Signaling
pathways, cytokine production, and host-killing
machinery are regulated by miRNAs during MTB
infection (11). Altered expression of different
miRNAs has been linked to the expression of
IFN-1) and TNF-1J; two critical cytokines in
control of TB (6). Moreover, the levels of circu-
lating miRNAs have been considered potential
biomarkers for the diagnosis or prognosis of TB
(11). Downregulated miR-31, mmu-miR-150, and
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mmu-miR-146a (12) in PBMCs, and miR-155 in
plasma (13), and upregulation of miR-144 levels
in sputum and serum (14) have been reported.
The potential of miRNAs as biomarkers of LTBI
has also been the subject of some studies. Wang
et al identified 17 miRNAs that were differential-
ly expressed in active TB and L'TBI (15). The lev-
els of miR-145 in serum have been suggested for
distinguishing TB patients from healthy individu-
als and differentiating between active TB and la-
tent TB cases. miR-889 expression was increased
in patients with LTBI compared to uninfected
individuals (16). Further studies are required to
confirm the findings in a larger subset of patients
and more defined conditions.

miR-21, miR-146a, and miR-1552a have been cen-
tral in much miRNA research due to their ex-
pression levels following TLR activation (17). We
selected four miR-21, miR-31, miR-146a, and
miR-155, which play an important role in many
immune and inflaimmatory pathways and are
among the most vastly studied miRNAs influenc-
ing the host-pathogen interaction in TB. To find
the disease relevance of the four mentioned
miRNAs, we attempted to compare their expres-
sion among peripheral blood mononuclear cells
(PBMCs) from patients with active TB, LTBI,
and healthy controls (HC) after stimulation with
PPD. We believe that investigation of miRNAs in
PBMCs after stimulation with specific antigens
could better reflect their changes in the particular
disease and less affected by several miRNA-
affecting factors.

Materials and Methods

Study subjects

Twenty-one patients with untreated active pul-
monary TB, 20 volunteers with LTBI, and 17
healthy controls (HC) were studied. Patients were
recruited at the Bouali Hospital, Zahedan Uni-
versity of Medical Sciences, Zahedan, Iran (2010-
2011). The diagnosis of active TB was based on
clinical presentation, chest radiography, and acid-
fast stain of sputum smear. Participants with
LTBI and HC were recruited from the healthy
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contacts of tuberculosis patients and hospital
staff. The results of tuberculin skin testing (T'ST)
and QuantiFERON TB gold test (Cellestis Lim-
ited, Victoria, Australia) were used to distinguish
between LTBI and HC participants. TST of more
than 10 mm was considered positive. The LTBI
volunteers were TST- and IGRA-positive; while
the healthy controls were TST- and IGRA- nega-
tive. All of the participants were HIV, hepatitis B
virus (HBV), and hepatitis C virus-negative.

This study was approved by the Ethical Commit-
tee of Pasteur Institute of Iran and written in-
formed consent was obtained from all partici-
pants.

PBMCs isolation and activation

PBMCs were isolated from heparinized-blood
samples by Ficoll Hypaque density gradient cen-
trifugation (Histopaque 1077, Sigma, Germany),
as previously described by Ajdary et al (18). The
cells were frozen and kept in liquid nitrogen. Be-
fore use the cells were rapidly thawed and washed
with RPMI-1640. The viability was ascertained by
Trypan blue dye exclusion. PBMCs (10°/ml) were
treated or untreated with 24 ug PPD of MTB for
4 hr before RNA extraction.

miRNA extraction and reverse transcription
Total RNA, including miRNAs, was extracted
from PBMCs using the mirPremier™ microRNA
Isolation Kit (Sigma, Germany) following the
manufacturer’s instructions. The RNA concentra-
tion and purity were quantified using a
NanoDrop spectrophotometer (Thermo Fisher
Scientific). Complementary DNA (cDNA) was
synthesized by using TagMan MicroRNA Re-
verse Transcription Kit (Applied Biosystem,
USA) containing RNA-specific RT primer ac-
cording to the manufacturer’s instruction.

Real-time quantitative Real-time (RT-gPCR)
analysts

For RT-qPCR-based detection of miRNA Taq-
Man™ MicroRNA Assays (Applied Biosystems,
USA) were used. The amplification was per-
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formed in 10 pLL PCR reactions according to the
supplier’s protocol in Corbet PCR System. The
amplification curves were analyzed using the Ro-
tor-Gene 6000 Series Software 1.7. Triplicates
were performed for each sample and mean Ct
values were calculated. The expression of miR-
NAs was normalized using the RNU24 as the
endogenous control. dCt was determined using
the following formula: Ct number of target gene -
CT number of the reference gene. Fold change
was calculated using the comparative threshold

method (2744€T),

Statistical analysis

Statistical comparisons between the groups were
performed using Graphprism (version 8.3.0,
GraphPad Software, Inc., San Diego, CA). The P
values were calculated by Kruskal-Wallis test fol-
lowed by Dunn's multiple comparisons test for
analysis of fold changes and dCts. Paired t-test
was used to compare dCt of PPD-stimulated and
un-stimulated cells in each group. P < 0.05 was
considered statistically significant. The results
were expressed as a median.

Results

The best time for analysis was 4 h after stimula-
tion (data not shown). The RT-qPCR analysis
revealed no significant differences in the expres-
sion of miR-21 and miR-31 between different
groups (Fig. 1a, 1d). Besides, the expression lev-
els of miRNAs without PPD stimulation were
analyzed using dCt. There were no significant
differences in the expression of miR-21 in un-
stimulated PBMCs (Fig. 1b). However, the ex-
pression of miR-31 in un-stimulated PBMCs
from the TB group was significantly lower than
those from HC (P=0.02) and LTBI (P=0.02)
groups (Fig. le). Interestingly, in patients with
active TB, the expression of miR-21 (P=0.03)
and miR-31 (P=0.04) were significantly increased
after stimulation with PPD compared to the un-
stimulated condition (Fig. 1c, 1f).
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Fig. 1: PPD-induced miRNA-21, and miRNA-31 expression in qRT-PCR analysis. Fold change (a, d); miRINA ex-
pression without PPD stimulation (b, ¢); comparison of dCt of PPD-stimulated and un-stimulated cells (c, f). *

Considering the expression of miR-146a, the re-
sults indicated an increased expression of miR-
146a in response to PPD in both LTBI (P=0.02)
and TB (P=0.03) groups compared to the HC
group (Fig. 2a). There were not any differences in
miR-146a expression in un-stimulated PBMCs
among study groups (Fig. 2b). Likewise, the ex-
pression of miR-146a was not increased after
stimulation with PPD compared to the unstimu-
lated condition (Fig. 2c).

There was not any significant difference between
LTBI and HC groups in the expression level of
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P=<0.05

miR-155 in response to PPD; however, the fold
change was significantly higher in the TB group
in comparison with the HC group (P=0.03);
likewise, the fold change of miR-155 in the TB
group was significantly higher than that of LTBI
(P=0.05; Fig. 2d). Moreover, in patients with ac-
tive TB, the expression of miR-155 significantly
increased after stimulation with PPD compared
to the unstimulated condition (P=0.03). No
change was detected in the expression of miR-
155 after stimulation with PPD compared to the
unstimulated condition (Fig. 2e).
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Fig. 2: PPD-induced miRNA-146a, and miRNA-155 expression in qRT-PCR analysis. Fold change (a, d); miRNA
expression without PPD stimulation (b, €); comparison of dCt of PPD-stimulated and un-stimulated cells (c, f). *

Discussion

During the last few years, several studies have
reported the important role of various miRNAs
in regulating innate and acquired immune re-
sponses. miRNAs influence the differentiation of
various immune cell subsets as well as their im-
munological functions (4).

In addition, pathogens modulate host immune
responses through miRNAs (6). Several recent
studies indicated differential miRNA expression
in TB infection. For example, upregulation of
miR-144 levels in sputum and serum from TB
patients (14), upregulation of miR-21, miR-29a,
miR-31, miR-155, and downregulation of miR-
146a in children with active-TB (19), downregula-
tion of miR-1, miR-155, miR-31, miR-146a, miR-
10a, miR-125b, and miR-150, and upregulation of
miR-29 in plasma from children with TB have
been reported (20). These differences may reflect
differences in ethnicity, the severity of MTB in-
fection, latent TB status, and different experi-
mental conditions.
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P=<0.05

In the present study, the expression levels of miR-21,
miR-31, miR-146a, and miR-155 were evaluated in the
PPD-stimulated PBMCs from TB, LTBI, and HC
individuals due to their important role in immune
responses and host-MTB interaction. Our results
indicated no significant difference in the expression of
miR-21, and miR-31 after stimulation with PPD
among different groups. This unchanged miR-21 ex-
pression is in line with the finding that reported no
induction of miR-21 by MTB (21). Both suppressed
and increased expressions of miR-21 and miR-31
have also been reported in active TB. MTB infection
of macrophages increases the expression of miR-21
which enhances MTB survival and attenuates pro-
inflammatory cytokine production (22). Suppressed
expression of miR-31 by leukocytes of pediatric TB
patients (15,20,23,24), and by PBMCs of TB patients
without any re-stimulation of the cells (25) are in line
with lower expression of this miRNA in unstimulated
PBMCs from TB patients of our study. miRNA-31
expression in leukocytes of children with TB has been
negatively correlated with serum levels of I11.-6, TNF-
o, NF-»B, and IFN-y (23). On the other hand, a sig-
nificant increase in the plasma level of miR-21 and
miR-31 has been reported in children with active-TB
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(19). miRNA profiling of CD4+ T cells from patients
with TB, and LTBI indicated lower levels of miR-21
expression in TB patients compared to LTBI; howev-
er, whole blood miRNA analyses revealed an opposite
result (26). Our results indicated a significantly
higher expression of miR-146 in TB-infected in-
dividuals in response to PPD stimulation. This
increased expression of miR-146 was significantly
more in both LTBI and TB groups compared to
the HC group; which suggests miR-146 as an
MTB infection marker. In addition, an increased
expression of miR-155 in response to PPD was
present in TB patients compared to HC individu-
als. Likewise, miR-155 expression in the TB
group was higher than that of the LTBI group;
while, no significant difference in expression of
mir-155 was found between LTBI and HC indi-
viduals. The miR-155 finding is consistent with
Wu et al. who reported miR-155 and miR-155*
induction in PBMCs from TB patients after 4 hr
stimulation with PPD (27). Higher expression of
mir-155 in the TB group compared to LTBI and
HC groups suggests a role for miR-155 as an ac-
tivation marker for active TB. MTB causes high
levels of miR-155 and lower levels of miR-125b,
while avirulent M. smegmatis is an inducer of low
levels of miR-155 and high levels of miR-125b
(28). There are some inconsistencies in the re-
ported expression pattern of miR-146 and miR-
155 in TB. For example, upregulated expression
of miR-155 and downregulated expression of
miR-146a has been reported in PBMCs and
plasma from TB patients (19), while in pediatric
TB patients both miR-155, and miR-146a were
downregulated (20).

miR-155 and miR-146 are the two most well-
studied miRINAs, with characterized roles in im-
munity and inflammation regulation during MTB
infections (29,30). The expression of both miR-
146 and miR-155 has been reported to be in-
creased in human macrophages after infection
with MTB (31). They represent a reciprocal role
in the macrophage inflammatory response by en-
hancement of inflammation towards the eradica-
tion of pathogens, meanwhile, avoiding excessive
damage through a negative feedback loop (32).
MiR-146 and miR-155 are complementary miR-
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NAs with strongly entangled inflammatory-anti-
inflammatory functions. MiR-146a represents an
anti-inflammatory and miR-155 a  pro-
inflammatory role miRNAs (33). miR-146a
through a feedback system down-regulates TLR
signaling and thereby controls the inflaimmatory
response (34). Moreover, this negative regulation
of inflaimmation by miR-146 has been shown in
human lung alveolar epithelial cells (35).

miR-155 plays a dual role during different stages
of MTB infection. After MTB infection, miR-155
increases in macrophages which leads to in-
creased macrophage viability and increased bacte-
rial growth during the innate response to MTB.
Thus, miR-155 deficient macrophages control
MTB growth better than wild-type macrophages
during the innate stage of infection. However,
experiments with miR-155-deficient-mice indi-
cated earlier death of MTB-infected animals with
more bacilli in their lungs compared to wild-type
mice (36). miR-155 promotes the survival and
function of MTB-specific T cells, which are criti-
cal for an effective adaptive immune response
during MTB infection. Therefore, miR-155-
deficient mice control infection at the initial stag-
es but fail to do so after the onset of adaptive
immunity (37).

Micro RNAs have also been shown to affect
MTB growth. miR-146a promotes mycobacterial
survival in RAW264.7 macrophages (38). Like-
wise, MiR-155 promotes MTB survival in macro-
phages (37). On the other hand, miR-155 re-
presses the expression of factors that support
long-lasting activation of the MTB dormancy
regulon (29); in other words, miR-155 represses
MTB to enter the latent phase. This is consistent
with our finding that the expression of miR-155
was higher in TB patients compared to that of
the LTBI group.

Conclusion
Altogether, less miR-155 in LTBI individuals- in
comparison with active TB- in our study might

support the dormant state of mycobacterial infec-
tion; while high miR-146 levels control the in-
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flammation. Moreover, higher miR-155 in TB
patients may support the survival of active bacilli;
while high miR-146, and miR-155 regulate in-
flammatory response to reduce tissue damage, a
major cause of pulmonary morbidity and mortali-
ty in tuberculosis. Although the results of this
study along with the other published studies indi-
cate that miRNA profiles within immune cells are
influenced by MTB infection, further research
still is required to expand our knowledge of
miRNAs linked to the immune system in MTB
infection. Likewise, the potential of miRNAs as
biomarkers in MTB infection and activity re-
quires further extensive studies in this field.
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