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To date, very little is known about the role of microRNA-21-5p (miR-21-5p)

in Mycobacterium tuberculosis (M.tb)-infected macrophages. Here, we show

that M.tb infection of RAW264.7 and THP-1 cells increases the expression

of miR-21-5p. MiR-21-5p enhances M.tb survival and apoptosis, and attenu-

ates the secretion of inflammatory cytokines, including interleukin (IL)-1b,
IL-6, and tumor necrosis factor-a in M.tb-infected macrophages. Dual-

luciferase reporter assay revealed that the 30-UTR of B-cell lymphoma 2 (Bcl-

2) or toll-like receptor 4 (TLR4) is a direct target of miR-21-5p. Enforced

expressions of Bcl-2 or TLR4 partially attenuate the suppressive effects of

miR-21-5p on cell viability and inflammatory cytokines, and effectively

decrease bacterial burden. Therefore, the present study highlights a novel role

for miR-21-5p in regulation of mycobacterial survival and inflammatory

responses by targeting Bcl-2 and TLR4 in M.tb-infected macrophages.
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Tuberculosis (TB) caused by Mycobacterium tubercu-

losis (M.tb) is one of the main infectious diseases in

the world [1,2]. The development of TB is closely

related to the pathogenicity of M.tb in the host [3].

Generally, M.tb infects human macrophages and

initiates diverse signal transduction pathways,

including the nuclear factor-kappa B and mitogen-

activated protein kinase signaling pathways, which

induces the secretion and release of inflammatory

cytokines [4,5]. However, the mechanisms underlying

the M.tb survival and inflammatory responses in

M.tb-infected macrophages are not fully elucidated.

It is vital to elucidate the host-M.tb interactions to

develop strategies and therapeutic methods for the

control of M.tb.

miRNAs belong to evolutionarily conserved noncod-

ing RNAs with a length of 19–25 nt, and can specifi-

cally bind the 30-UTR of target mRNAs, which can

cause inhibition of mRNA translation or degradation

[6]. In recent decades, miRNA has also been verified

as a potent regulator for the biology of macrophages

[7]. More and more studies validated that microRNA-

21-5p (miR-21-5p) is implicated with infectious or

inflammatory diseases. For example, Ning et al. [8]

reported that circulating miR-21 was up-regulated in

the serum of patients with liver fibrosis and was posi-

tively associated with liver fibrosis and oxidation.

Loboda et al. [9] demonstrated that miR-21 plays a

dynamic role in inflammatory responses and acceler-

ates organ failure and fibrosis. However, there have
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been few studies focusing on the expression and signifi-

cance of miR-21-5p in M.tb-infected macrophages.

In the present study, we used RAW264.7 and THP-1

cells as in vitro macrophage model, and focused on the

interactions between macrophages and M.tb, aiming to

determine the function of miR-21-5p, and explore its

downstream targets in M.tb-infected macrophages.

Materials and methods

Cell culture

The RAW264.7 cells were purchased from American Type

Culture Collection (ATCC, Manassas, VA, USA). The cells

were retained in Dulbecco’s modified Eagle’s medium

(DMEM; Gibco Laboratories, Grand Island, NY, USA),

which contained l-glutamine (2 mM), penicillin G

(100 U�mL�1), 10% FBS (Gibco, Carlsbad, CA, USA),

and streptomycin (100 mg�mL�1). The cells were incubated

in a cell incubator remained at 37 °C and a relative humid-

ity of about 95% with 5% CO2. The cells before the 30th

generation were used for experimental research.

The human monocytic leukemia cell line THP-1 (ATCC)

was cultured in RPMI 1640 medium containing 10% FBS

and antibiotics. One hundred and sixty nanomolar per

milliliter PMA (Sigma, StLouis, MO, Bloomington, MA,

USA) was added to the culture to induce macrophage dif-

ferentiation. After 48 h, the plates were washed thrice with

1 mL of PBS (Beyotime Institute of Biotechnology, Shang-

hai, China). The adherent macrophages were then washed

three times with RPMI 1640 medium and maintained in a

37 °C humidified incubator containing 5% CO2. Cells

before the 30th generation were used for the experiments.

Human embryonic kidney-293T (HEK293T; Cell Bank

of the Chinese Academy of Sciences, Shanghai, China) cells

were cultured in DMEM. The cells were incubated at

37 °C in an atmosphere of 5% CO2.

Cell infection

For all experiments, M.tb strains H37Ra and H37Rv (ATCC)

were cultured in Middlebrook 7H9 broth with 10% BBLMid-

dlebrook oleic acid-albumin-dextrose-catalase (OADC; BD

Biosciences, Franklin Lakes, NJ, USA) at 37 °C under a 5%

CO2 atmosphere. Mid log phase cultures were aliquoted and

stored at �80 °C. Mycobacteria were ground to generate a

single bacterial suspension in RPMI 1640. Then RAW264.7

and THP-1 cells were placed on 12-well cell culture plates and

were continuously infected with H37Ra and H37Rv at differ-

ent MOIs at indicated time points.

Cell transfection

To up-regulate or down-regulate the expression of miR-21-

5p in RAW264.7 and THP-1 cells, the mimics or inhibitors

of miR-21-5p obtained from Guangzhou RuiBo Company

(Guangzhou, Guangdong, China) were transfected into

RAW264.7 and THP-1 cells at 50–60% confluence with

Lipofectamine 2000 (Thermo Fisher Scientific, Waltham,

MA, USA). pcDNA3.1-B-cell lymphoma 2 (Bcl-2),

pcDNA3.1-toll-like receptor 4 (TLR4) and their empty vec-

tor were obtained from GeneCreate (Wuhan, Hubei, China).

Cell transfections were performed using LipofectamineTM

2000 (Invitrogen, Carlsbad, CA, USA) following the manu-

facturer’s protocol. Quantitative real-time PCR (qRT-PCR)

analysis was performed to evaluate the transfection effects.

qRT-PCR assay

The miRNA or mRNA expression was assessed using

SYBR� Premix Ex TaqTM II (Tli RNaseH Plus; Takara

Bio, Otsu, Shiga, Japan) on Mastercycler ep realplex4

(Eppendorf, Hamburg, Germany). The PCR conditions

included an initial step at 95 °C for 120 s, followed by

45 cycles of amplification and quantification (95 °C for

15 s, 60 °C for 15 s), followed by a final extension at

68 °C for 20 s. U6 or GAPDH was used as an internal

control. Relative gene expression levels were calculated

using the 2�DDCt method. Full primers are shown in

Table 1.

Cell counting kit-8 assay

About 5 9 103 cells were seeded into the 96-well plate

and transfected with mimics, inhibitor, or their negative

control oligonucleotides, respectively. The culture medium

was removed and 100 lL of cell counting kit-8 (CCK-8)

medium (Dojindo, Tokyo, Japan) was added into the 96-

well plate at indicated time points, and incubated at 37 °C
for another 4 h. The absorbance at 450 nm was measured

using a microplate reader (Bio-Rad, Richmond, CA,

USA).

Table 1. Primers for qRT-PCR assay.

Gene symbol Primers (50–30)

miR-21-5p F: TGCGCTAGCTTATCAGACTGAT

R: CCAGTGCAGGGTCCGAGGTATT

U6 SnRNA F: GCGCGTCGTGAAGCGTTC

R: GTGCAGGGTCCGAGGT

IL-1b F: CCACAGACCTTCCAGGAGAATG

R: GTGCAGTTCAGTGATCGTACAGG

IL-6 F: AGACAGCCACTCACCTCTTCAG

R: TTCTGCCAGTGCCTCTTTGCTG

TNF-a F: CTCTTCTGCCTGCTGCACTTTG

R: ATGGGCTACAGGCTTGTCACTC

GAPDH F: GTCTCCTCTGACTTCAACAGCG

R: ACCACCCTGTTGCTGTAGCCAA
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Flow cytometry assay

Cell apoptosis was detected using the Annexin V-FITC

apoptosis detection kit on the basis of the manufacturer’s

instructions. In brief, cells of each sample were harvested

after 24 h post-treatment and suspended in 500 lL of

Annexin V binding buffer (19). Annexin V-FITC (5 lL)
and 5 lL of propidium iodide (PI) were added and incu-

bated for 15 min in dark. The stained cells were evaluated

by flow cytometry using a FACS Calibur (BD Biosciences,

San Jose, CA, USA).

Colony-forming unit assay

To assay bacterial viability, cells were infected with M.tb at

an MOI of 10 for 24 h at 37 °C, then washed six times

with RPMI1640 to remove any extracellular bacteria, and

incubated in fresh medium for indicated time points, the

infected cells were lysed with sterile distilled water contain-

ing 0.06% SDS. Homogenates underwent 10-fold-serial

dilution and each dilution was inoculated on 7H11 agar

plates supplemented with 10% OADC and incubated at

37 °C for 3–4 weeks. Colony-forming units (CFUs) were

calculated in triplicate using standard procedures.

ELISA

The concentration of the cytokines interleukin (IL)-1b, IL-
6, and tumor necrosis factor-a (TNF-a) were determined

using commercially available ELISA kits as per the manu-

facturer’s instructions (ProZyme, Hayward, CA, USA). All

spectrophotometric readings were performed with a micro-

plate reader, and the concentration was presented as

pg�mL�1 by comparing with respective standard curves. All

experiments were repeated at least three times.

Western blot analysis

The Nuclear/cytoplasmic fractionation was separated using

Cell Fractionation Kit (Cell Signaling Technology, Dan-

vers, MA, USA) and the whole cell lysates were extracted

using RIPA Buffer (Cell Signaling Technology) according

to the manufacturer’s instructions. Cell lysates with equiva-

lent protein amounts (20 µg) were loaded, thereafter sepa-

rated using SDS/PAGE, and then transferred to a poly

vinylidene difluoride membrane. The membranes were

blocked in PBS-Tween20 (pH 7.4, 0.5% Tween20) with 5%

BSA (Dingguo Biological Products, Beijing, China), and

then incubated overnight with the primary antibodies

(Santa Cruz Biotechnology, Santa Cruz, CA, USA) at

4 °C. Then, the membranes were incubated with appropri-

ate horseradish peroxidase-conjugated secondary antibodies

(Santa Cruz Biotechnology) at room temperature for 1 h,

and at last visualized with an ECL kit (KeyGEN, Nanjing,

China) according to the manufacturer’ instructions.

Dual-luciferase reporter assay

B-cell lymphoma 2 or TLR4 30UTR was amplified from

cDNA of HEK293T cells and inserted into pGL-3 (Pro-

mega, Madison WI, USA) vector. The HEK293T cells

were cotransfected with the wild-type (WT) 30UTR of

Bcl-2 or TLR4 containing the putative miR-21-5p bind-

ing sites and mutant Bcl-2 or TLR4 30UTR with either

negative control miRNA (miR-NC) or miR-21-5p mim-

ics via Lipofectamine�2000 (Thermo Fisher Scientific,

Inc.). After transfection, the cells were cultivated at

37°C, 5% CO2 for 4 h. Then, the luciferase activities

were confirmed using a dual-luciferase reporter assay

system (Promega) according to the manufacturer’s

instructions.

Statistical analyses

All experiments were conducted no less than three times

with each sample tested in triplicate. Data are presented as

the mean � standard deviation (SD). A two-tailed Stu-

dent’s t-test or a Mann–Whitney U-test was employed to

evaluate the difference between the two groups. ANOVA

followed by a post hoc Dunnett’s test was used to deter-

mine statistical differences for multiple comparisons. Statis-

tical analysis was performed using SPSS software 20.0 (IBM

Corp, Armonk, NY, USA) and GRAPHPAD PRISM 5 software

(GraphPad Software, Inc., La Jolla, CA, USA). P < 0.05

was considered to indicate a statistically significant

difference.

Results

M.tb infection increases miR-21-5p expression in

human macrophages

Firstly, RAW264.7 and THP-1 cells were infected

with H37Ra or H37Rv at MOI of 0 (PBS), 1, 5,

and 10 for 12 h. We found that M.tb infection of

RAW264.7 and THP-1 cells increased the expression

level of miR-21-5p compared with PBS control (0

MOI) group in a concentration-dependent manner

(P < 0.01, Fig. 1A). Notably, H37Ra or H37Rv had

the most profound effect at an MOI of 10. Then,

the miR-21-5p expression level was measured at 12,

24, 36, and 48 h, respectively, and M.tb infection

time-dependently increased the miR-21-5p expression

level in RAW264.7 and THP-1 cells (P < 0.01,

Fig. 1B). Cells exhibited the maximum value of

expression of miR-21-5p at 24 h; therefore, the

macrophages were infected with H37Ra or H37Rv at

an MOI of 10 for 24 h in the subsequent experi-

ments. We further examined the effect of M.tb on

cell viability using the CCK-8 assay. As shown in
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Fig. 1C, H37Ra or H37Rv Fig. 1C, H37Ra or

H37Rv decreased cell viability in RAW264.7 and

THP-1 cells, while PBS control showed normal cell

viability (P < 0.01). Because H37Rv showed the

markedly stronger effect than H37Ra, we selected

H37Rv as the subject.

Fig. 1. Expression and effect of miR-21-5p induced by M.tb infection in macrophages. (A) RAW264.7 and THP-1 cells were infected with

M.tb H37Ra or H37Rv at MOI of 0 (PBS), 1, 5, and 10 for 12 h; miR-21-5p expression level was measured by qRT-PCR. (B) RAW264.7 and

THP-1 cells were infected with M.tb H37Ra or H37Rv at an MOI of 10 for different time points; miR-21-5p expression level was measured

using qRT-PCR. (C) Cell viability was detected using the CCK-8 assay. (D) qRT-PCR validated transfection of miR-21-5p mimics in RAW264.7

and THP-1 cells. (E) qRT-PCR validated transfection of miR-21-5p inhibitor in RAW264.7 and THP-1 cells. (F) CFU assays were performed for

evaluating the survival of H37Rv in RAW264.7 and THP-1 cells. (G) RAW264.7 and THP-1 cells were transfected with miR-21-5p mimics, or

miR-21-5p inhibitor prior to H37Rv treatment at an MOI of 10 for 24 h. Cell viability was measured using the CCK-8 assay. All data

represent means � SD of three independent experiments. *P < 0.01 vs miR-NC or control inhibitor group.
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MiR-21-5p promotes the H37Rv survival in

human macrophages

To figure out the biological effects of miR-21-5p on the

M.tb-infected macrophages, the transient over-expression

of miR-21-5p was established through transfection of

miR-21-5p mimics (Fig. 1D) and the down-regulation of

miR-21-5p over-expression was achieved via transfection

of miR-21-5p inhibitor in the RAW264.7 and THP-1

cells prior to H37Rv treatment (Fig. 1E). CFU assays

were performed for evaluating the survival of H37Rv.

We found that miR-21-5p mimics significantly increased

the number of CFUs of in H37Rv-infected RAW264.7

and THP-1 cells compared with the miR-NC group

(P < 0.01, Fig. 1F). On the other hand, a significant

decrease in the number of CFUs was also observed in

H37Rv-infected RAW264.7 and THP-1 cells transfected

with miR-21-5p inhibitor compared with control inhibi-

tor group (P < 0.01, Fig. 1F). These results indicated that

miR-21-5p significantly enhanced the survival of H37Rv

in RAW264.7 and THP-1 cells.

MiR-21-5p affects H37Rv-infected macrophage

viability and apoptosis

We further examined the effect of miR-21-5p on

H37Rv-infected macrophage viability and apoptosis.

RAW264.7 and THP-1 cells were transfected with

miR-21-5p mimics, or miR-21-5p inhibitor prior to

H37Rv treatment at an MOI of 10 for 24 h. Cell via-

bility was measured using the CCK-8 assay. The apop-

totic cell percentages were assessed using the Annexin

V-FITC/PI staining assay. As shown in Fig. 1G, over-

expression of miR-21-5p decreased cell viability in

RAW264.7 and THP-1 cells, but inhibition of miR-21-

5p increased cell viability (P < 0.01). As shown in

Fig. 2A, compared with the control inhibitor group,

H37Rv-infected RAW264.7 and THP-1 cells with

miR-21-5p inhibitor showed lower apoptotic cell per-

centages (P < 0.01). Conversely, miR-21-5p mimics

showed markedly higher apoptotic cell percentages

compared with miR-NC (P < 0.01).

MiR-21-5p influences inflammatory cytokine

secretion

In this work, the effects of miR-21-5p on inflammatory

cytokines in H37Rv-infected RAW264.7 and THP-1

cells were examined. The qRT-PCR results showed

that H37Rv infection alone significantly increased the

mRNA expression levels of IL-1b, IL-6, and TNF-a in

RAW264.7 and THP-1 cells, and miR-21-5p mimics

suppressed the mRNA expression levels of IL-1b,

IL-6, and TNF-a in the H37Rv-infected macrophages

(P < 0.01, Fig. 2B–D). However, knockdown of

miR-21-5p increased the mRNA expression levels of

IL-1b, IL-6, and TNF-a in the H37Rv-infected macro-

phages (P < 0.01, Fig. 2B–D).

Using ELISA, we measured the secretion of inflam-

matory cytokines in the medium of RAW264.7 and

THP-1 cells at 24 h after H37Rv infection. ELISA

results showed that the levels of IL-1b, IL-6, and

TNF-a were greatly up-regulated in the medium con-

taining H37Rv-infected RAW264.7 and THP-1 cells

with miR-21-5p inhibitor compared with the control

inhibitor group (P < 0.01, Fig. 2E–G). In addition, the

secretion levels of IL-1b, IL-6, and TNF-a were mark-

edly repressed by miR-21-5p mimics in H37Rv–
infected RAW264.7 and THP-1 cells compared with

the miR-NC group (P < 0.01, Fig. 2E–G).

Bcl-2 or TLR4 is a direct target of miR-21-5p

In this work, we conducted bioinformatics analysis to

predict the target genes of miR-21-5p using TargetScan

and miRanda. Among these predicted target genes,

Bcl-2 or TLR4 was notable due to their roles in cell

viability and inflammatory response. Next, we carried

out a dual-luciferase reporter assay to determine

whether miR-21-5p targeted the 30-UTR of Bcl-2 or

TLR4 directly. We transfected HEK293T cells with a

luciferase plasmid containing the WT or mutant 30-
UTRs of Bcl-2 or TLR4 in the pGL-3 vector. The

results showed that the co-transfection of WT 30-UTRs

of Bcl-2 and miR-21-5p mimics into HEK293T cells

led to a decrease of up to 65% in luciferase activity

(P < 0.01, Fig. 3A), but the mutant reporter had nearly

no effect on luciferase activity (P > 0.05, Fig. 3B).

To further confirm this interaction, we performed

western blot to detect the expressions of Bcl-2 and

TLR4 in the RAW264.7 and THP-1 cells transfected

with miR-21-5p mimics, miR-21-5p inhibitor, and their

respective controls. The results showed that miR-21-5p

mimics strongly inhibited the expressions of Bcl-2 and

TLR4 (P < 0.01, Fig. 3C), while in the miR-21-5p

inhibitor group, the expressions of Bcl-2 and TLR4

were up-regulated than those in the control inhibitor

group (P < 0.01, Fig. 3C).

Bcl-2 reverses the effects of miR-21-5p on the

H37Rv survival and cell viability

Furthermore, we determined in vitro functional role of

Bcl-2 in M.tb-infected RAW264.7 and THP-1 cells.

Macrophages were transfected with Bcl-2-overexpressing
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vector pcDNA3.1-Bcl-2 (Fig. 4A,B). Cell viability was

measured using the CCK-8 assay. CFU assays were per-

formed for evaluating the survival of H37Rv. The

CCK-8 assay showed that over-expression of Bcl-2 sig-

nificantly improved miR-21-5p mimics-repressed cell

viability compared with the vector control group

(P < 0.01, Fig. 4C). In addition, over-expression of Bcl-

2 also enhanced miR-21-5p inhibitor-increased cell

viability compared with the vector control group

(P < 0.01, Fig. 4D). CFU assays demonstrated that

over-expression of Bcl-2 markedly repressed miR-21-5p

mimics-increased H37Rv survival compared with the

vector control group (P < 0.01, Fig. 4E). In addition,

over-expression of Bcl-2 also aggravated miR-21-5p

inhibitor-induced inhibition of H37Rv survival com-

pared with the vector control group (P < 0.01, Fig. 4F).

Fig. 2. MiR-21-5p influences cell apoptosis and inflammatory cytokine secretion in M.tb-infected macrophages. RAW264.7 and THP-1 cells

were transfected with miR-21-5p mimics, or miR-21-5p inhibitor prior to H37Rv treatment at an MOI of 10 for 24 h. (A) The apoptotic cell

percentages were assessed using the Annexin V-FITC/PI staining assay at 24 h postinfection. The mRNAs of inflammatory cytokines IL-1b

(B), IL-6 (C), and TNF-a (D) were examined using qRT-PCR. The secretion of inflammatory cytokine IL-1b (E), IL-6 (F), and TNF-a (G) was

examined using ELISA. All data represent means � SD of three independent experiments. *P < 0.01 vs miR-NC or control inhibitor group.
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TLR4 attenuates the repressive effects of miR-21-

5p on inflammatory cytokines

To identify whether miR-21-5p regulated the expres-

sions of inflammatory cytokines by regulating TLR4,

we further investigated the effect of TLR4 over-expres-

sion using pcDNA3.1-TLR4. H37Rv–infected
RAW264.7 and THP-1 cells were transfected with

miR-21-5p mimics, miR-21-5p inhibitor and their

Fig. 3. Bcl-2 or TLR4 is a direct target of miR-21-5p. (A) Dual-luciferase reporter assays helped determine the effect of miR-21-5p on the

WT or MUT 30-UTR activity of Bcl-2 in HEK293T. (B) Dual-luciferase reporter assays helped determine the effect of miR-21-5p on the WT or

MUT 30-UTR activity of TLR4 in HEK293T. (C) RAW264.7 and THP-1 cells were transfected with miR-21-5p mimics, or miR-21-5p inhibitor

prior to H37Rv treatment at an MOI of 10 for 24 h. Western blot was used to detect the expressions of Bcl-2 and TLR4 proteins. Data of A

and B are presented as mean � SD of three independent experiments. *P < 0.01 vs miR-NC or control inhibitor group.

Fig. 4. Bcl-2 over-expression reverses the

effects of miR-21-5p. (A, B) Macrophages

were transfected with pcDNA3.1-Bcl-2,

and then western blot was used to detect

the expression of Bcl-2. (C, D) Cell viability

was detected using the CCK-8 assay. (E,

F) CFU assays were performed for

evaluating the survival of H37Rv. Data of

C–F are presented as mean � SD of three

independent experiments. *P < 0.01 vs

miR-NC or control inhibitor group.
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respective controls, and then further treated with

pcDNA3.1-TLR4 or its vector control (Fig. 5A,5). We

found that up-regulation of TLR4 ameliorated the

inhibitory effects of the miR-21-5p mimics on the

secretion of IL-1b, IL-6, and TNF-a (Fig. 5C,5). Up-

regulation of TLR4 further enhanced miR-21-5p inhi-

bitor-induced the secretion of IL-1b, IL-6, and TNF-a
(Fig. 5C,5). Overall, these data demonstrate that miR-

21-5p regulates inflammatory cytokine secretion by

targeting TLR4 in H37Rv -infected macrophages.

Discussion

Emerging evidence has shown that miR-21-5p is

expressed in some cell types and its expression closely

relates to inflammation, antiviral response and adap-

tive immunity. Several microbial infections can up-

regulate miR-21-5p expression. Ning et al. [10] demon-

strated that inhibition of miR-21 can inhibit inflamma-

tion and promote the recovery of spinal cord injury by

down-regulating IL-6R/JAK-STAT signaling pathway.

Fig. 5. TLR4 over-expression attenuates

the repressive effects of miR-21-5p on

inflammatory cytokines. H37Rv-infected

RAW264.7 and THP-1 cells were

transfected with miR-21-5p mimics, miR-

21-5p inhibitor and their respective

controls, and then further treated with

pcDNA3.1-TLR4 or its vector control. (A,

B) western blot was used to detect the

expression of TLR4. (C, D) The secretion

of inflammatory cytokines (IL-1b, IL-6, and

TNF-a) was examined using ELISA. Data

of C and D are presented as mean � SD

of three independent experiments.

*P < 0.01 vs miR-NC or control inhibitor

group.

Fig. 6. Schematic representation of our

study illustrating how miR-21-5p regulates

M.tb survival and inflammatory responses

by targeting Bcl-2 and TLR4 respectively in

M.tb-infected macrophages.
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Chen et al. [11] suggested that down-regulation of

miR-21 reduced podocyte apoptosis in diabetic

nephropathy by regulating TIMP3 expression and

inhibiting inflammation. Yang et al. [12] found that

miR-21 attenuated inflammation and maladaptive

remodeling, and suggested that miR-21 may function

as a novel potential therapeutic target for myocardial

infarction. Nevertheless, whether miR-21-5p regulates

M.tb-induced inflammatory responses in macrophages

remains largely unknown. To this end, we decided to

investigate the role of miR-21-5p in the regulation of

the M.tb survival and inflammation of macrophage

within the context of M.tb infection.

Our results showed that miR-21-5p was actively

manipulated by M.tb to ensure its survival in macro-

phages, and miR-21-5p inhibited cell viability and pro-

moted cell apoptosis in the M.tb-infected macrophages.

Similarly, Ghorpade et al. [13] reported that over-

expression of miR-155 in RAW264.7 cells promoted

apoptosis and increased intracellular bacterial load. In

addition, Zhang et al. [14] reported that enhanced

miR-32-5p expression promoted the survival of M.tb in

human macrophages infected with M.tb. Maybe,

miR-21-5p was induced by M.tb via multiple pathways.

In addition, over-expression of miR-21-5p attenuated

the secretion of inflammatory cytokines in the

M.tb-infected macrophages. Our results suggested that

miR-21-5p plays a vital role in the regulation of the

M.tb-induced inflammatory response.

It is well known that the Bcl-2 family can affect the

balance between cellular apoptosis and autophagy.

There are antiapoptotic Bcl-2 family members such as

Bcl-2 that effectively block apoptosis [15]. Till now,

the role of Bcl-2 in the inhibition of macrophages

apoptosis has been widely reported [16–18]. In this

study, dual-luciferase reporter assay showed that the

30-UTR of Bcl-2 was a direct target of miR-21-5p, and

miR-21-5p negatively regulated the expressions of Bcl-

2. In addition, enforced expression of Bcl-2 signifi-

cantly attenuated the suppressive effects of miR-21-5p

on cell viability, inhibited cell apoptosis, and prevented

M.tb survival, which has been shown in the schematic

representation (Fig. 6).

TLR4 is increased during infection and inflammation

in immune cells [19]. While TLR4 recognizes pathogens,

stimulates phagocytosis, and coordinates innate and

adaptive immunity, activation of TLR4 leads to exag-

gerated inflammation and tissue injury [20]. Mycobac-

terium tuberculosis triggers an inflammatory immune

response via the activation of TLRs [21]. However, in

the absence of TLR signaling, M.tb grows unchecked to

cause systemic infection [22]. In the present study, we

found that miR-21-5p negatively regulated the

expression of TLR4 and enforced expression of TLR4

attenuated the repressive effects of miR-21-5p on the

secretion of inflammatory cytokines in the M.tb-in-

fected macrophages. These results may suggest that

miR-21-5p regulates the M.tb-induced inflammatory

response partially by targeting TLR4, which has been

shown in the schematic representation (Fig. 4E).

In conclusion, the present study demonstrated that

the miR-21-5p was induced by M.tb infection, and

miR-21-5p accelerated macrophage apoptosis and

increased M.tb survival partially by targeting Bcl-2

and TLR4. These findings offer exciting new therapeu-

tic targets for alternative host-specific adjunct therapies

in TB treatment.
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