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Abstract: Tuberculosis (TB), caused by Mycobacterium tuberculosis, has led to many clinical disorders and remains 
a major global health problem, leading to great morbidity and mortality worldwide. Previous studies reported that 
Mycobacterium tuberculosis (M.tb) has evolved to utilize various mechanisms to evade or attenuate the immune 
response, such as dysregulation of miRNAs. However, reports concerning the role of miRNAs in M.tb infection are 
limited. Here, we report that a host microRNA, miR-26b, was significantly down-regulated by M.tb infection in THP-
1 cells. Subsequently, our results of in vitro experiments demonstrate that miR-26b is a negative regulator of the 
NF-κB pathway by directly targeting TAK1, resulting in the inhibition of immune response, and promotion of M.tb 
replication and gene expression. Taken together, our findings provide detailed molecular mechanisms for how miR-
26 inhibits inflammatory cytokine secretion during M.tb infection in THP-1 cells, and these results suggest anti-M.
tb as a promising therapy.
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Introduction

Tuberculosis (TB) is a leading global health 
problem, caused by the intracellular pathog- 
en Mycobacterium tuberculosis (M.tb), with an 
estimated one-third of the global population 
latently infected and an estimated 2 million 
deaths per year [1, 2]. It has been reported that 
M. tuberculosis subverts the innate immune 
defense of the host to promote infection and 
replication and that it can outmaneuver these 
mechanisms to infect and persist within mam-
malian tissues [3-5]. Upon phagocytosis of M. 
tuberculosis, a serial of antimicrobial mecha-
nisms would be activated by macrophages, the 
main host cells for mycobacteria, to control 
intracellular replication of the bacilli [6]. During 
these responses, the production of various 
cytokines, including tumor necrosis factor al- 
pha (TNF-α), is critical for defense against my- 
cobacterial infection, and it has been shown 
that it could alter expression of host immune-

related genes [7, 8]. Indeed, efforts have be- 
en made to better elucidate the pathogenic 
mechanism of M.tb and underlying molecular 
mechanisms of M.tb infection. Previous studi- 
es reported that virulent M.tb strains could 
induce macrophage necrosis and inhibit apop-
tosis to spread infection [9], suggesting that 
macrophage necrosis is a host innate defense 
mechanism against TB. However, the current 
understanding of the immune mechanism of 
macrophages infected with M.tb is poor.

Among strategies to evade the immune re- 
sponse, M.tb usually utilize viral products or 
host-cellular components to regulate a subse-
quent complex network to favor its expression 
and replication. As firmly established regulators 
of immune homeostatic mechanisms, microR-
NAs (miRNAs) play an important role in this pro-
cess. Previous studies have shown that dys-
function or dysregulation of miRNAs is involved 
in many bacterial infections [10]. For example, 
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it has been shown that inhibition of miR-210 
expression increased proliferation of gastric 
epithelium during chronic Helicobacter pylori 
infection by activating STMN1 and DIMT1  
[11]. Jin T et al. reported that overexpression  
of miR-24 could inhibit the effects of Staph- 
ylococcus aureus in Osteomyelitis Caused by  
S. aureus [12]. MicroRNA-302b is also shown  
to enhance host defense to bacteria by regu- 
lating inflammatory responses via feedback to 
TLR/IRAK4 circuits upon Gram-negative bacte-
rium Pseudomonas aeruginosa infection [13]. 
As with M.tb, although several miRNAs have 
been identified as regulators that play impor-
tant roles to up-regulate or down-regulate in- 
nate immune response in the regulation of  
M.tb replication and infection [7, 14-16], the 
relationship among miRNAs, M.tb and macro-
phage necrosis remains poorly understood, 
and thus should be further investigated to  
better elucidate the underlying details.

Nuclear factor κB (NF-κB) is a family of tran-
scription factors that are involved in cellular 
processes, such as inflammation, carcinogen-
esis, and chemoresistance [17, 18]. Among the 
five structurally related proteins of this fami- 
ly, RelA (p65), NF-κB-1 (p105/p50), NF-κB-2 
(p100/p52), RelB, and c-Rel, the p50 and p65 
subunits constitute the predominant forms of 
NF-κB in mammals. Usually, NF-κB is mainly 
localized in the cytoplasm in an inactive form 
bound to IκB proteins, which function as the 
inhibitors of NF-κB [19]. Upon stimulation by 
tumor necrosis factor alpha (TNFα) or inter- 
leukin-1β (IL1β), TGFβ-activated kinase-1 (TA- 
K1) and its adaptors TAB2/3 would be recrui- 
ted to the receptor proximal signaling comp- 
lex, resulting in the activation of IκB kinase 
(IKK) and further phosphorylation, ubiquitina-
tion, and degradation of IκB, which leads to  
the disassociation of p50/p65 heterodimer. 
Then, the released p65 and p50 protein would 
be translocated into the nucleus to bind to 
sequence-specific DNA to activate the tran-
scription of many immune-related genes, such 
as TNF-α, IL-6, and IL-12 [20, 21]. These cy- 
tokines are crucial for inflammation and oth- 
er kinds of immune process, such as the host 
response to pathogens infection.

In the present study, we analyzed the gene 
expression profiles of M.tb infected patients 
with normal controls downloaded from GEO 

database (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE52819) and chose a 
significant decreased miRNA-miR-26b for fur-
ther investigation. Then, we found that the ex- 
pression of miR-26b was markedly decreased 
in M.tb infected THP-1 cells. Through further 
exploration, we found that miR-26b, through 
targeting the 3’UTR of TAK1, modulates NF-κB 
and inflammatory cytokine expression, leading 
to the attenuation of immune response. As 
NF-κB the pathway is commonly activated in 
bacteria-host interactions, the roles and me- 
chanisms revealed in this study may be also 
applied in infections of other bacteria. Togeth- 
er, miR-26b could represent a novel potential 
anti-M.tb therapeutic target and could be ex- 
ploited for antibacterial development.

Material and methods

Cells and transfection

Human THP-1 macrophages were obtained fr- 
om ATCC and grown in RPMI-1640 media 
(Hyclone/Thermo Fisher) supplemented with 
10% fetal bovine serum (FBS, Gibco/Life Te- 
chnology) and penicillin-streptomycin (100 g/
ml) at 37°C in a humidified atmosphere with  
5% CO2. The cell concentration was adjusted  
to 1.0 × 106/mL for further study. Transfection 
was done in antibiotic-free Opti-MEM medium 
(Invitrogen) with lipofectamine 2000 reagent 
(Invitrogen).

Mycobacterial and infection

M. tuberculosis strain H37Rv (ATCC) was gro- 
wn in Middlebrook 7H9 broth medium supple-
mented with 10% OADC (Becton, Dickinson  
and Company, Franklin Lakes, NJ). Cells were 
infected at a multiplicity of infection of 10 ba- 
cteria per cell (MOI 10:1). After 6 h of incuba-
tion, the infected cells were washed 6 times 
with RPMI 1640 to remove any extracellular 
bacteria, and then incubated in fresh medium 
to different time points. 

MiR-26b mimics and inhibitor

MiR-26b mimics, mimics NC, miR-26b inhibi- 
tor, and inhibitor NC were purchased from the 
Shanghai GenePharma Company (Shanghai, 
China). THP-1 cells were transfected with miR-
26b mimics or miR-26b inhibitor using lipo-
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fectamine 2000 (Invitrogen, USA) according  
to manufacturer’s instruction.

ELISA assay

IFN-γ, IL-1β, IL-6, and TNF-α in supernatant 
were measured by ELISA kit (all from R&D 
Systems) according to manufacturer. THP-1 ce- 
lls were transfected with miR-26b mimics and 
mimics NC or left untransfected. Cells were 
infected with H37Rv at MOI 10 at 24 h after 
transfection. Supernatant were harvest at 12 
h, 24 h, and 48 h post-infection to perform 
ELISA assay. 

Real-time PCR

To quantify the level of gene expression, total 
RNAs were extracted using TRIzol (Invitrogen), 
according to the manufacturer’s instruction. 
cDNA was reverse transcribed from 1 μg to- 
tal RNA by SuperScript III Reverse Transcripta- 
se (Invitrogen). Real-time PCR was carried out 
with PrimeScript RT reagent kit (Takara) on  
ABI 7900HT Fast Real-Time PCR System. Re- 
lative expression of target genes was quanti- 
tatively normalized against the expression of 
GAPDH using ΔΔCt method. Primer sequences 
were designed as follows: 

miR-26b forward: 5’-CCGGGACCCAGTTCAAG- 
TA-3’; miR-26b reverse: 5’-CCGGTCCCCGTGC- 
CTTGTAA-3’; miR-124 forward: 5’-AATGATACG- 
GCGACCACCGAACACTCTTTCCCTACACGACG- 
3’; miR-124 reverse: 5’-GGCATTCACCGCGTG- 
CCT-3’; miR-16 forward: 5’-UAGCAGCACGUAA- 
AUAUUGGCG-3’; miR-16 reverse: 5’-CTCAACTG- 
GTGTCGTGGAGTCGGCAATTCAGTTGAGCGCCA- 
ATA-3’; miR-451 forward: 5’-AAACCGTTACCAT- 
TACTGAGTT-3’; miR-451 reverse: 5’-CGCTACG- 
TAACGGCATGACAGTG-3’.

Luciferase assay

Luciferase activity of promoter was evaluat- 
ed by Dual-Luciferase Reporter Assay System 
(Promega). To quantitatively examine NF-κB 
activity, THP-1 cells were first transfected with 
miR-182 mimics or NC in a 24-well plate for  
24 hours, followed by co-transfection with 10 
ng pRL-TK (Promega, USA) and 50 ng pNF-κB-
Luc (Clontech, USA) for 32 hours, then remain- 
ed untreated or treated with 20 ng/ml TNFα 
(cat. 210-TA-010, R&D Systems) for 4 hours 
before luciferase activity analysis. Cells were 
harvested for protein and 50 μl of each sam- 
ple extract was used to detect luciferase activ-

ity. To measure luciferase activity of TAK1, 
THP-1 cells were transfected with TAK1 WT or 
TAK1 mutant luciferase reporter vector (100 
ng), miR-26b mimics, or NC mimics, miR-26b 
inhibitor, or NC inhibitor. Total protein was pre-
pared after 30 hr post-transfection. The 50 μl 
of each sample extract was used to detect lu- 
ciferase activity. 

Western blot analysis

Cell lysates were obtained with RIPA lysis buf-
fer, and proteins were analyzed by western bl- 
ot. β-actin serves as a control. The following 
antibodies were used: anti-p-IκBα (Ser32, cat. 
#2859, CST), anti- IκBα (cat. #4814, CST), anti-
p-p65 (cat. #3033, CST), anti-p65 (cat. #4814, 
CST), anti-TAK1 (cat. #5206, CST), anti-β-actin 
(cat. BM0627, Boster, Wuhan, China) and goat 
anti-rabbit, goat anti-mouse (Tianjin Saier Bio- 
tech, China).

Identification of differentially expressed miRNA

The gene expression profiles of M.tb patients 
with normal controls were downloaded from 
Gene Expression Omnibus (http://www.ncbi.
nlm.nih.gov/geo) with accession number of 
GSE52819. The original datasets included 40 
genechips, and we extracted 22 of them for  
further analysis. During processing, the pro- 
be-level data was transferred into expression 
measures. Then, the background was correct-
ed and quartile data was subsequently normal-
ized. Finally, we choose the file in the platform 
annotation files resulting from the Affymetrix 
Company to map the relationship between  
the probes and gene symbols. To identify dif-
ferentially expressed miRNA, the threshold of 
false discovery rate (FDR) 0.05 was applied.

Statistical analysis

All experiments were repeated at least three 
times with similar results. Statistics are repre-
sented as the mean and the standard error of 
the mean for each group. Statistical signifi-
cance analysis was performed using paired 
Student’s t test (**P < 0.01, *P < 0.05).

Results

MiR-26b is markedly down-regulated in M.tb 
infected THP-1

In order to illustrate the role of microRNAs in 
M.tb infection, THP-1 cells were infected with 
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M.tb H37Rv strain at MOI of 10. First, we test- 
ed the secretion of inflammatory cytokines in 
the medium of THP-1 cells at 12, 24, and 
48-hour post-infection to confirm the efficacy 
of M.tb infection. ELISA results showed that 
production of IFN-γ, IL-1β, IL-6, and TNF-α  
were upregulated in M.tb infected cells at all 
timepoints compared with the Ctrl group (Fi- 
gure 1A-D). Then, to identify miRNAs that may 
be involved in the regulation of immune res- 
ponse of M.tb infection, miRNA data was do- 
wnloaded from GEO database (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE- 
52819) to screen differentially expressed miR-
NAs. As shown in Figure 1E, many miRNAs we- 
re down-regulated or up-regulated after M.tb 
infection. Among these miRNAs, miR-26b, miR-
124, miR-16, and miR451 were chosen for fur-
ther validation in THP-1 cells since their expre- 
ssion reduced significantly after infection. Ex- 
cept for miR-16, three other miRNAs were do- 
wn-regulated after M.tb infection (Figure 1F-I). 
Specifically, expression of miR-26b and miR-
124 dramatically decreased as early as 12 h 
post-infection and continued to decrease at 24 

h and 48 h while the decrease of miR-451 was 
later compared with that of miR-26b and miR-
124. A previous paper reported that miR-26b 
negatively regulates the NF-κB pathway by 
inhibiting expression of Rel A (p65) in breast 
cancer cells [22] and expression of TAK1 and 
TAB3 in hepatocellular carcinoma cells [23]. 
However, the role of miR-26b in host immune 
response to M.tb infection remains unclear. 
Since activation of the NF-κB pathway plays a 
pivotal role in early events of the immune 
response to M.tb infection, we suspected that 
miR-26b may be involved in the regulation of 
M.tb infection through controlling activation of 
the NF-κB pathway.

Overexpression of miR-26b reduced inflamma-
tory cytokines secretion in M.tb infection

In order to determine the biological relevance 
of downregulation of miR-26b in M.tb infection, 
THP-1 cells were transfected with miR-26b pri- 
or to infection. The efficiency of miR-26b mim-
ics was confirmed through real-time PCR as- 
say. MiR-26b was successfully overexpressed 

Figure 1. miR-26b is markedly down-regulated in M.tb infected THP-1. (A-D) THP-1 cells were infected with H37Rv 
at MOI 10. Supernatant was harvested at different time point and ELISA assay was conducted for measuring IFN-γ 
(A), IL-1β (B), IL-6 (C) and TNF-α (D) secretion. (E) Heat-map of microRNA array. (F-I) Cells were treated as (A-D) and 
were harvested at indicated time for RNA extraction. Real-time PCR assay was conducted to measure the levels of 
miR-26b (F), miR-124 (G), miR-16 (H) and miR-451 (I). Results represent of three independent experiments (mean 
± SD). *P < 0.05, **P < 0.01 vs uninfected groups.
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by mimics transfection (Figure 2A). ELISA as- 
say was performed to assess the secretion of 
M.tb-induced cytokine secretion at 24 hr po- 
st-infection. Consistent with previous data, we 
found that H37Rv infection led to robust sec- 
retion of IFN-γ, IL-1β, IL-6, and TNF-α (Figure 
2B-E). Conversely, ectopic expression of miR-
26b greatly attenuated this effect upon H37- 
Rv infection. These results indicate that over-
expression of miR-26b inhibited inflammatory 
cytokines secretion upon M.tb infection.

MiR-26b suppresses the TNFα-induced NF-κB 
signaling in THP-1 cells

Next, we tried to determine the influence of 
miR-26b on NF-κB signaling. We co-transfected 
miR-26b mimics and its negative control (NC) 
or miR-26b inhibitor and its inhibitor NC with 
the luciferase reporter that contained NF-κB 
binding sites in its promoter. Compared with 
the mimics NC, miR-26b mimics-transfected 
THP-1 cells displayed a significantly lower re- 
sponse to TNFα, the classical NF-κB activator 
(Figure 3A). In contrast, down-regulation of 
miR-26b led to higher NF-κB reporter activity 

compared with those of inhibitor NC groups 
(Figure 3B). Next, the impact of miR-26b on  
the signaling molecules of the NF-κB pathway 
was investigated. As reported, TNFα treatment 
led to a significant increase in the phosphory- 
lation level of IκBα and p65 in control cells 
(Figure 3C and 3D), indicating the activation  
of NF-κB signaling. Notably, phosphorylation  
of IκBα and p65 was much less evident in  
miR-26b overexpressed-cells, compared with 
the control cells (Figure 3C). Conversely, TNFα-
induced NF-κB signaling was enhanced in miR-
26b inhibitor transfected-cells. Collectively, th- 
ese data indicate that miR-26b negatively re- 
gulates NF-κB signaling. 

TAK1 is directly targeted by miR-26b

To further illustrate the possible mechanism  
of miR-26b in regulation of the NF-κB pathway, 
it was necessary to identify the target genes  
of miR-26b. TargetScan Release 6.0 was sub-
sequently used for prediction of miR-26b tar-
gets. TGFβ-activated kinase-1 (TAK1), an up- 
stream positive regulator of NF-κB pathway, 
was found to have a putative miR-26b bind- 

Figure 2. miR-26b suppresses M.tb induced inflammatory cytokines secretion. THP-1 cells were transfected with 
miR-26b mimics or mimics NC. 24 h post-transfection, cells were infected with M.tb H37Rv strain at MOI of 10. (A) 
The miR-26b expression levels at 48 hpi were quantified by qRT-PCR. (B-E) 24 hr post infection, supernatant was 
harvested. ELISA assay were performed to measure IFN-γ (B), IL-1β (C) IL-6 (D) and TNF-α (E) secretion. Results rep-
resent of three independent experiments (mean ± SD). **P < 0.01, ##P < 0.01 vs mimics NC groups.
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ing site within its 3’UTR (Figure 4A). To iden- 
tify whether miR-26b directly binds the TAK1  
3’UTR, the predicted target site in TAK1 was 
cloned into a firefly luciferase reporter vector, 
meanwhile, a mutant vector was constructed  
to eliminate the possible recognition by rep- 
lacing seven seed nucleotides (UGAACUU to 
GUCGACG) (Figure 4A). Interestingly, in the 
presence of miR-26b mimics, the luciferase 
activity of TAK1 resulted in ~80% reduction 
compared to that of mimic NC, whereas block-
age of endogenous miR-26b led to a 3.2-fold 
increase in luciferase activity compared to th- 
at of inhibitory NC (Figure 4B). However, all 
these effects mentioned above disappeared  
in cells transfected with the vectors bearing  
the mutant TAK1 3’-UTR (Figure 4B). Addi- 
tionally, transfection of miR-26b mimics inhib-
ited expression of TAK1 in THP-1 cells, where- 
as knockdown of miR-26b enhanced the ex- 
pression of TAK1 (Figure 4C, 4D). Hence, it is 
clear that TAK1 is a direct target of miR-26b in 
THP-1 cells.

Recently miRNAs have been reported to par- 
ticipate extensively in the complicated regula-
tions of host-pathogen interactions and act as 
important regulators of immune homeostatic 
mechanisms [24-26]. It is firmly established 
that a number of bacteria could regulate the 
profile of bacterial or host cell miRNAs to fav- 
or their replication and expression [27-29]. In 
the current study, we found that expression of 
miR-26b was significantly decreased in M.tb 
infected THP-1 cells (Figure 1). Notably, over- 
expression of miR-26b markedly reduced ex- 
pression of several inflammatory cytokines (Fi- 
gure 2) and NF-κB signaling in THP-1 cells in- 
fected by M.tb (Figure 3). Consistent with the 
bioinformatics prediction, TAK1 was also iden- 
tified as a direct target of miR-26 during M.tb 
infection by subsequent biochemical studies 
(Figure 4). Additionally, it is found that miR-26b 
could regulate host immune response to M.tb 
through directly targeting TAK1 to attenuate  
the activation of NF-κB and consequent im- 
mune responses (Figure 5).

Figure 3. miR-26b suppresses TNFα-induced NF-κB signaling in THP-1 cell. 
(A, B) THP-1 cells were first transfected with mimics NC or miR-26b mim-
ics (A), inhibitor NC or miR-26b inhibitor (B), followed by co-transfection of 
pRL-TK and pNF-κB-Luc, treatment with 20 ng/ml TNFα, and analysis for 
luciferase activity. **P < 0.01 vs mimics NC group or inhibitor NC group. (C, 
D) THP-1 cells transfected with mimics NC or miR-26b mimics (C), inhibitor 
NC or miR-26b inhibitor (D) were treated with 2 ng/ml TNFα for the 5 min. 
Cells were harvested for immunoblotting analysis. All data represent the 
mean value ± SD of at least three independent experiments.

MiR-26b regulated host 
immune response to M.tb 
through targeting TAK1

Finally, we examined the role  
of targeting TAK1 by miR-26b 
in host immune effect against 
M.tb. We co-transfected miR-
26b mimics and an expressing 
vector containing the open re- 
ading frame (ORF) of TAK1 into 
THP-1 cells. As previous data, 
M.tb infection induced robust 
secretion of pro-inflammatory 
cytokines like IFN-γ, IL-1β, IL-6, 
and TNF-α, whereas, overex-
pression of miR-26b greatly 
abrogated secretion of these 
cytokines. However, this effect 
was restrained by co-transfe- 
cting pcDNA-TAK1 and miR-
26b mimics (Figure 5A-D). Ta- 
ken together, these data indi-
cate that the host may modu-
late immune responses again- 
st M.tb infection through miR-
26b targeting TAK1 expressi- 
on.

Discussion
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Figure 4. TAK1 is directly targeted by miR-26b. (A) Schematic diagram of the predicted target sites of miR-26b in 
TAK1 3’UTRs. The predicted target sites are underlined and mutated as indicated. (B) THP1 cells were co-transfect-
ed with TAK1 WT or TAK1 mutant luciferase reporter vector (100 ng), and miR-26b mimics or NC, miR-26b inhibitor 
or NC inhibitor for 36 h and then harvested for luciferase assay. **P < 0.01 vs mimics NC group or inhibitor NC 
group. (C, D) THP-1 cells were transfected with miR-26b mimics or NC mimics (C), miR-26b inhibitor or NC inhibitor 
(D) for 36 h and harvested for Western blot analysis of TAK1 expression. All data represent the mean value ± SD of 
at least three independent experiments.

Figure 5. miR-26b regulates host immune response towards M.tb through targeting TAK1. THP-1 cells were trans-
fected with miR-26b mimics, pcDNA-TAK1, or both. 24 hr after transfection, cells were infected with H37Rv at MOI 
10. 24 hr post-infection, supernatant were harvested for ELISA assay to detect IFN-γ (A), IL-1β (B), IL-6 (C) and TNF-α 
(D) secretion. All data represent the mean value ± SD of at least three independent experiments. *P < 0.05, **P < 
0.01 vs non-transfected groups; ##P < 0.01 vs miR-26b-transfected groups.

MicroRNA-26b has been well known to be 
involved in the carcinogenesis and pathogene-
sis of various human cancers [30, 31]. For 
example, overexpression of miR-26b can im- 
pair viability and trigger apoptosis of human 
breast cancer MCF7 cells by targeting MTDH 
and EZH2 [32]. It has been reported that miR-

26b inhibits proliferation, migration, invasi- 
on, and vasculogenic mimicry of human glio- 
ma cells via targeting EphA2 [33]. As with its 
role in the interaction of host-pathogens, previ-
ous studies have reported that respiratory sy- 
ncytial virus infection can increase the expres-
sion of miR-26b to inhibit TLR4 signaling to pro-
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mote the viral replication and infection [34]. 
However, whether it participates in the immu- 
ne response of host-bacteria or not remains 
unknown. In this study, we first demonstrated 
that up-regulation of miR-26b suppresses ac- 
tivation of NF-κB by directly targeting TAK1 to 
evade the immune response (Figures 3 and 5), 
suggesting that miR-26b may exert a similar 
function during the infection of the other ba- 
cteria. 

Previous studies have revealed several impor-
tant miRNAs that play important roles in M.tb 
infection [35-38]. Among the pathways involved 
in the complicated regulation networks, the 
NF-κB pathway has been extensively reported 
in host-pathogen regulation. It has been shown 
that microRNA let-7 modulates the immune 
response to Mycobacterium tuberculosis In- 
fection via regulation of A20, which is an inhi- 
bitor of the NF-κB Pathway [36]. Interestingly, 
our results revealed that miR-26b can regulate 
the immune response in M.tb infection by con-
trol of TAK1 (Figures 4 and 5), one upstream 
kinase in the NF-κB pathway which is neces-
sary for the activation of NF-κB. Based on the- 
se information, it is reasonable for us to confer 
that other members in the pathway may also  
be modulated by other micro-RNAs or some 
other mediators during the infection of M.tb. 

Taken together, our study is the first to demon-
strate that miR-26b facilitates M.tb replication 
and infection mainly by targeting TAK1 to do- 
wn-regulate activation of NF-κB to suppress  
the immune response. Therefore, miR-26b is a 
promising anti-M.tb therapeutic target.
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