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by targeting IRAK4, a promoter of the NF-κB pathway
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Abstract: This study aimed to explore the influence of microRNA-27a on immune response to mycobacterium tuber-
culosis (Mtb) and the molecular mechanism. MiRNA-27a was screened one of the downregulated miRNAs in Mtb 
infected macrophages. The concentrations of IFN-γ, IL-β, IL-6, and TNF-α in THP-1 macrophages after infection with 
Mtb and simultaneous transfection with miR-27a mimics or inhibitor were determined by ELISA. Colony-forming unit 
(CFU) assay was used to determine the survival situation of THP-1 infected with Mtb after transfection with miR-
27a mimics or inhibitor. We used luciferase reporter assay and western blotting to study the relationship between 
miR-27a and IRAK4. MiR-27a was found differential expressed in Mtb infected macrophages, and the expressions 
of miR-27a in Mtb-infected THP-1 were remarkably downregulated with the increase of time and dose. Compared 
with the control, the levels of IFN-γ, IL-β, IL-6, and TNF-α were enhanced after macrophages infected with Mtb, 
while further transfection of miR-27a mimics abolished the increase. IRAK4 was found the target gene of miR-27a 
and transfection of miR-27a mimics decreased the relative level of IRAK4. The concentration of IFN-γ, IL-β, IL-6, 
and TNF-α in Mtb infected macrophages were reduced significantly after transfection of miR-27a mimics, while 
simultaneous transfection of pcDNA-IRAK4 abolished the decrease, which is the upstream molecular of NF-κB. In 
conclusion, miR-27a plays a key role in immune response to Mtb infection and intervening on miR-27a may be an 
effective way to treat TB.

Keywords: Mtb, MiR-27a, immune response, NF-κB

Introduction

Tuberculosis (TB) is disease infected with myco-
bacterium tuberculosis (Mtb) in respiratory [1]. 
About one-third TB was caused by Mtb, whi- 
ch was approximately 1.7 million annually [2]. 
Macrophages play a pivotal role in suppressing 
the growth and replication of Mtb by initiating 
innate immune responses [3]. MicroRNA (mi- 
RNA) was reported to affect immune function in 
macrophages from TB patients [4]. Indeed, in 
silico analysis predicted that human miRNA 
might target mycobacterial genes and poten-
tially suppress the expression of genes involved 
in the development and survival of the bacillus 
[5]. 

MiRNAs is found can regulate the expression of 
genes and proteins [6]. Some studies showed 
miR-29a and miR-144 were differential ex- 

pressed in macrophages of TB patients, and 
were speculated influence immune function [7]. 
Manipulation of host miRNA expression may be 
another mechanism by which Mtb is able to 
subvert immune detection and persist intracel-
lularly within macrophages. In activated macro-
phages induced TLR2, miR-27a was found do- 
wnregulated and prevent overly exuberant in- 
flammatory responses via reducing cytokine 
expression [8]. Immune responses are under 
specific and intensive regulation by miRNAs in 
papillary thyroid carcinoma (PTC), including 
miR-27a-5p [9]. In lungs of septic mice, miR-27a 
is critical in regulating inflammatory response, 
and knocking down of miR-27a down regulates 
expression levels of TNF-α and IL-6 significantly 
by decreasing the phosphorylation level of 
NF-κB p65 [10]. NF-κB plays an important role 
in regulating many biological responses, and 
inflammation [11]. In epithelial cells infected 
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with enteroinvasive bacteria, NF-κB can regu-
late innate immune response [12]. Transfection 
of bacteria can induce immune response and 
NF-κB can affect the transcription of host genes 
[12]. However, the research about the regula-
tion of miRNA on the immune response in TB 
and the molecule mechanism is needed. 

To study the role of miRNAs in regulating im- 
mune response, we used microRNA microarray 
and qRT-PCR to screen the differential ex- 
pressed microRNA. We screened miR-27a and 
explored whether miR-27a play a role in the 
regulation of regulation of the innate immune 
response induced by Mtb. Our results suggest 
that abnormal microRNA-27a expression is 
associated with the immune response activat-
ed by mycobacterium via targeting IRAK4.

Material and methods

Cell culture

We obtained human THP-1 macrophages in the 
Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). All cells were kept in 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
Gibco, USA) in humidified air. The air has 5% 
CO2 and the temperature was 37°C. Dulbecco’s 
Modified Eagle’s Medium contained 10% FBS 
(Hyclone, USA) and 1% penicillin/streptomycin.

Infection of mycobacterium tuberculosis

Mtb H37Rv was obtained from American Type 
Culture Collection (ATCC, Manassas, VA, USA) 
and grown at 37°C in Difco Middlebrook 7H9 
Medium. As H37Rv was at logarithmic phase, 
we adjusted the concentration to 1.0 g/L [8]. 
The normal THP-1 cells (uninfected) were the 
control. 

Cell transfection

We obtained oligonucleotides containing miR-
27a-mimic, miR-27a-mimic negative control 
(mimic-NC), miR-27a-inhibitor and miR-27a-in-
hibitor negative control (inhibitor-NC) from 
GenePharma Co. (Shanghai, China). THP-1 cells 
were transfected with the oligonucleotides by 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA).

qRT-PCR

We applied miRNeasy Mini Kit (Qiagen, Va- 
lencia, CA, USA) to isolate miRNeasy Mini Kit 

(Qiagen, Valencia, CA, USA) based on the proto-
col of manufacturer. We used Nanodrop 2000 
(Thermo Fisher Scientific, San Jose, CA, USA) to 
determine RNA purity and concentration. The 
RNA samples were immediately stored at -80°C 
for next cDNA conversion. Genes were ampli-
fied by specific oligonucleotide primer, and 
human glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) gene was used as an endoge-
nous control. The detection and quantification 
contained the following steps: first, reverse 
transcription was performed at 55°C for 30 
min, initial activation for 15 min at 95°C, next 
40 cycles of denaturation were conducted at 
94°C for 15 s, then annealing for 30 s at 55°C, 
extension for 30 s at 72°C. The expression 
level was normalized using U6 small nuclear 
RNA by the 2-ΔCt method. 

Western blotting

Cells were inoculated to 6-well plate with each 
plate of 5×105 cells and cultivated for 24 h. The 
culture solution was absorbed away and cells 
were rinsed with ice PBS for 3 times. Then each 
well was added radioimmunoprecipitation 
assay (RIPA) to obtain total proteins. Then 12% 
separation gel and 5% spacer gel was used to 
perform SDS-PAGE gel electrophoresis. Sample 
was transferred to nitrocellulose filter mem-
branes (Hybond, Escondido, CA, USA). Then 
membranes was placed in Tris-buffered saline 
Tween-20 (TBST) containing 5% skimmed milk 
powder and blocked for 1 h at room tempera-
ture. After 1 h, membranes were taken out and 
rinsed with TBST once. Antibodies were diluted 
with 5% Bovine Serum Albumin (BSA) and mem-
branes were placed in antibody with appropri-
ate concentration. Primary antibodies were 
determined by EZ-ECL chemiluminescence De- 
tection kit for HRP (Biological Industries, Beit-
Haemek, Israel).

Dual-luciferase reporter assay

Plasmids (0.8 μg) with 3’-UTR and mutant 
3’-UTR DNA sequences were transfected into 
THP-1 cells, followed by transfection with miR-
27a mimics (100 nM) before incubation for 24 
h. Cells were lysed for the determination of fluo-
rescence intensity using GloMax 20/20 lumi-
nometer (Promega, Madison, WI, USA). Using 
Renilla fluorescence as internal reference, 
dual-luciferase reporter assay was performed 
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by Dual-Luciferase® Reporter Assay System 
(Promega, Madison, WI, USA) according to the 
manufacturer’s manual.

ELISA analysis

We measured the levels of IFN-γ, IL-6, IL-β and 
TNF-α using ELISA assay. To explore the influ-
ence of Mtb on the expression of cytokines, we 
determined the concentration of IFN-γ, IL-1β, 
IL-6 and TNF-α in macrophages after infection 
with Mtb. Moreover, we transfected the Mtb 
infected macrophages with miR-27a inhibitor or 
mimics. 

Colony-forming unit (CFU) assay

To assay bacterial viability within human mac-
rophages, the cells were infected with Mtb at 
an MOI of 10 for 24 h or 48 h at 37°C, and then 
washed with PBS three times to remove extra-
cellular mycobacteria. The infected cells were 
lysed with sterile distilled water. Quantitative 
culturing was performed using 10-fold serial 
dilutions. Aliquots of each dilution were inocu-

lated in triplicate on Middlebrook 7H10 agar 
plates containing 10% OADC and incubated at 
37°C for three weeks. CFUs were calculated in 
triplicate using standard procedures. The sur-
vival rate was calculated as compared to the 
control.

Statistical analysis

Statistical evaluation for data analysis was 
determined by unpaired Student’s t test. Data 
were presented as the means ± SD and P val-
ues < 0.05 were considered significant.

Results

MiR-27a was down-regulated in macrophages 
infected with Mtb

MicroRNA chip technology was used to screen 
the differential expressed miRNAs in macro-
phages infected with Mtb. The heat map was 
shown in Figure 1A. As shown, 33 miRNAs were 
down-regulated and 29 miRNAs were up-regu-
lated. Among the 29 down-regulated miRNAs, 

Figure 1. Screening of differential miRNAs and the expression of miR-27a was reduced in human macrophages 
infected with Mtb. A. Differential expressed miRNAs were screened by microRNA chip technology in macrophages 
infected with Mtb. B. The relative expression of miR-27a in human macrophages after infected with Mtb for 0, 6, 
12 and 24 h, determined by qRT-PCR. *P < 0.05 and **P < 0.01, vs. the time of 0 h. C. The relative expression of 
miR-27a in human macrophages after infected with different concentrations of Mtb. *P < 0.05 and **P < 0.01, vs. 
the MOI of 0. 
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miR-27a was the most down-regulated. To 
investigate the expression pattern of miR-27a 
in response to Mtb-infection, human macro-
phage cell lines THP-1 cells were infected with 
Mtb at an MOI of 10 for different periods of 
time as indicated, or at the different MOI for 24 
h, and the expression levels of miR-27a were 

detected by qRT-PCR analysis. The results were 
shown in Figure 1B and 1C. As shown, the 
expressions of miR-27a in Mtb-infected THP-1 
were remarkably downregulated with the in- 
crease of time and dose. These findings indi-
cated that Mtb infection robustly reduced the 
expression of miR-27a in human macrophages, 

Figure 2. MiR-27a mimics inhibited the immune response activated by mycobacterium tuberculosis activated the in 
THP-1 cells. THP-1 cells were transfected with miR-27a mimic and control mimic for 24 h, followed by Mtb challenge. 
IFN-γ (A), IL-6 (B), IL-β (C) and TNF-α (D) in THP-1 cells was examined by ELISA at 48 h. (E) Mycobacterial viability was 
determined by CFU assay in THP-1 cells. *P < 0.05 and **P < 0.01, vs. the control. ##P < 0.01, vs. Mtb + mimics NC. 

Figure 3. MiR-27a inhibitor promotes the immune response activated by mycobacterium tuberculosis infection. 
THP-1 cells were transfected with control inhibitor and miR-27a inhibitor for 24 h, followed by Mtb challenge. IFN-γ 
(A), IL-6 (B), IL-β (C) and TNF-α (D) in THP-1 cells was examined by ELISA at 48 h. (E) Mycobacterial viability was 
determined by CFU assay in THP-1 cells. *P < 0.05 and **P < 0.01, vs. the control. ##P < 0.01, vs. Mtb + inhibitor NC.



MicroRNA-27a affects immune response in mycobacterium

9898 Int J Clin Exp Pathol 2017;10(9):9894-9901

implicating a potential correlation of miR-27a 
with mycobacterial infection.

MiR-27a inhibits the release of inflammatory 
factors and promotes mycobacterial survival in 
Mtb-infected macrophages

IFN-γ, IL-β, IL-6, and TNF-α were the secretion of 
inflammatory cytokines. To explore the influ-
ence of miR-27a on immune response, we de- 
termined the concentrations of IFN-γ, IL-β, IL-6, 
and TNF-α in THP-1 cells after infection with 
Mtb and transfection with miR-27a mimics 
simultaneously. The results were shown in 
Figure 2A-D. As shown, the concentrations of 
IFN-γ, IL-β, IL-6, and TNF-α were increased in 
both H37Rv infected macrophages. However, 
further transfection with miR-27a mimics 
decreased the concentration of IFN-γ, IL-β, IL-6, 
and TNF-α. In order to gain insight into the 
potential role of miR-27a in cellular immune 
response during Mtb infection, we determined 
the effect of miR-27a on mycobacterial survival 

using CFU assay in THP-1 cells transfected with 
the control mimic and miR-27a mimic during 
infection of Mtb. CFU data showed that the 
abundance of miR-27a greatly facilitated intra-
cellular growth of mycobacteria in Mtb-infected 
THP-1 at 24 h and 48 h (Figure 2E). 

Moreover, we determined the concentrations of 
IFN-γ, IL-β, IL-6, and TNF-α in THP-1 cells after 
infection with Mtb and transfection with miR-
27a inhibitor simultaneously. Results showed 
infection of Mtb to THP-1 cells increased the 
concentrations, and simultaneous transfection 
of miR-27a inhibitor further promoted the 
increase. (Figure 3A-D). We also studied the 
effect of miR-27a on mycobacterial survival 
using CFU assay in THP-1 cells transfected with 
the control inhibitor and miR-27a inhibitor dur-
ing Mtb infection. As CFU data shown, transfec-
tion of miR-27a inhibitor to THP-1 cells de- 
creased the survival percent of cells. Moreover, 
the percent decreased with the increase of 
time verified from 24 h to 48 h (Figure 3E). 

Figure 4. IRAK4 is the target gene of miR-27a. (A) Diagram of the miR-27a putative binding sites and corresponding 
mutant sites in the 3’-UTR of IRAK4. (B) Effects of miR-27a on the expression of IRAK4 3’-UTR-containing reporter 
genes. Relative mRNA level or protein expression of IRAK4 in macrophage infected with mycobacterium tuberculosis 
after transfection with miR-27a mimic (C) or inhibitor (D).
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These results indicated that miR-27a promoted 
the survival rate of intracellular mycobacteria 
via inhibiting immune responses in Mtb-ch- 
allenged macrophages. 

IRAK4 is a direct target of miR-27a in macro-
phages infected with Mtb

Nuclear factor kappa B (NF-κB) play an impor-
tant role in regulating genes encoding cyto-
kines, which influencing immune and inflamma-
tory responses [13]. IRAK-4 protein plays an 
important role in Toll-like receptor-mediated 
immune responses, and is essentially required 
for signal transduction to NF-κB downstream of 
MyD88 [14]. To explore if IRAK4 is a direct tar-
get for miR-27a, we constructed the 3’-UTR 
reporter plasmids coupled with full length of 
IRAK4 3’-UTR with wild-type (wt) or mutant 
(mut) miR-27a binding sites (Figure 4A). Lu- 
ciferase assay showed that miR-27a could 
repress the expression of reporter gene con-
taining wt 3’-UTR but not that containing mut 
3’-UTR (Figure 4B). To further verify the rela-
tionship between IRAK4 and miR-27a, we used 
qRT-PCR and western blotting to determine the 
mRNA level and protein expression of IRAK4 in 
macrophages after transfection with control 
mimic and miR-27a mimic or control inhibitor 
and miR-27a inhibitor. Results showed that 

level of IRAK4 was dramatically decreased af- 
ter miR-27a mimic transfection, whereas in- 
creased after miR-27a inhibitor transfection in 
THP-1 cells (Figure 4C and 4D). In conclusion, 
there is a negative relationship between IRAK4 
and miR-27a.

MiR-27a regulates inflammatory cytokine via 
targeting IRAK4

To explore whether miR-27a promote the activ-
ity of immune-related cytokines in Mtb infected 
macrophage by targeting IRAK4, we transfect-
ed THP-1 cells simultaneously with miR-27a 
mimics and pcDNA-IRAK4 after infection with 
Mtb. Then, we determined the relative lucifer-
ase activity and concentrations of IFN-γ, IL-β, 
IL-6, and TNF-α. Results showed the concentra-
tion of IFN-γ, IL-1β, IL-6, and TNF-α were signifi-
cantly increased after macrophage infected 
with Mtb H37Rv, which indicated immune re- 
sponse was activated after infection of Mtb in 
macrophage. Further transfection with miR-27a 
mimics reduced the concentration of IFN-γ, 
IL-1β, IL-6, and TNF-α which were induced by 
Mtb. It indicated miR-27a mimics inhibited 
immune response. However, further transfec-
tion of pcDNA-IRAK4 abolished the inhibition of 
miR-27a mimics on immune response (Figure 

Figure 5. MiR-27a regulated inflammatory cytokines via targeting IRAK4. (A) Detection on the activity of NF-κB by 
luciferase report assay. The concentration of IFN-γ (B), IL-6 (C), IL-β (D) and TNF-α (E) in THP-1 cells after infection 
with Mtb, Mtb + 27a mimic or Mtb + 27a mimic + pcDNA-IRAK4. *P < 0.05 and **P < 0.01, vs. the control group; ##P 
< 0.01, vs. Mtb + 27a mimic. (F) Mycobacterial viability was determined by CFU assay in THP-1 cells. ##P < 0.01, vs. 
27a mimic. 
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5A-E). We also studied the effect of miR-27a on 
mycobacterial survival using CFU assay in 
THP-1 cells transfected with the miR-27a mim-
ics or pcDNA-IRAK4 during Mtb infection (MOI 
of 10). Results (Figure 5F) showed the overex-
pression of miR-27a dramatically promoted 
intracellular growth of mycobacteria in Mtb-
infected THP-1 at 24 h and 48 h. Further trans-
fection of pcDNA-IRAK4 abolished the promo-
tion of miR-27a mimics on growth of my- 
cobacteria. In conclusion, miR-27a could inhibit 
the activity of immune-related cytokines and 
survival rate of mycobacterias by targeting 
IRAK4. 

Discussion

Mtb is an intracellular mycobacterium and can 
infect macrophages. But the studies about the 
immune mechanism of Mtb infected macro-
phages is confined [15]. Some miRNAs is 
important in the immune response of macro-
phages [16, 17]. We screened the differential 
expressed miRNAs in Mtb infected macro-
phages with miRNAs chip technology. MiR-27a 
was screened the most downregulated molecu-
lar. Moreover, the expressions of miR-27a in 
Mtb-infected THP-1 were remarkably downreg-
ulated in a time- and dose-dependent manner. 
MiR-27a can regulate immune responses via 
targeting important immune-related genes 
[18]. Ni et al. reported miR-27a is important in 
immune response pathway and the expression 
is reduced in Mtb infected macrophages [19]. 
Therefore, we supposed downregulated miR-
27a in Mtb infected host cell may activate the 
immune response of macrophages to clear off 
Mtb. 

Some studies reported cytokines were con-
tained in immune responses of TB, such as IFN-
γ, IL-4, TNF-α, IL-1 and IL-6 [20]. In this study, 
we showed that the concentration values of 
IFN-γ, IL-β, IL-6, and TNF-α were enhanced in 
macrophages after infection with Mtb. However, 
overexpression of miR-32-5p noticeably atten-
uated the secretion of these inflammatory fac-
tors in response to Mtb, thus ameliorating in- 
flammatory responses in human macrophages. 
Moreover, the abundance of miR-27a greatly 
facilitated intracellular growth of mycobacteria 
in Mtb infected THP-1 at 24 h and 48 h. These 
findings suggest that miR-27a played a key  
role in regulating Mtb induced inflammatory re- 
sponse during the host innate defense against 

mycobacteria, and miR-27a overexpression en- 
hanced Mtb survival. 

NF-κB contains numerous of transcription fac-
tors and can regulate many biological respons-
es. It can regulate immune responses and in- 
flammation, and plays a key role in regulate the 
immune responses of epithelial cell after infec-
tion with enteroinvasive bacteria [12]. In Dr- 
osophila, NF-κB protein could regulate the JNK-
mediated immune response via targeting TAK1 
[21]. IRAK4 is a kinase and also important in 
immune responses [22]. In innate and acquired 
immunity, IRAK4 can activate NF-κB [23]. The 
small molecule inhibitors of IRAK4 kinase could 
extinguish NF-κB activation [24]. Our study re- 
vealed IRAK4 was the target gene of miR-27a. 
After transfection with miR-27a mimic, the IR- 
AK4 in Mtb infected macrophages decreased c. 
The upregulation of IFN-γ, IL-β, IL-6, and TNF-α 
in Mtb infected macrophages was suppressed 
in the presence of a miR-27a mimic and en- 
hanced when cells are transfected with pcDNA-
IRAK4, suggesting that overexpression of miR-
27a could inhibit the activity of NF-κB, while 
transfection of IRAK4 abolished the suppres-
sion of miR-27a mimics. IRAK4 is critical in con-
ducting signal to the downstream of NF-κB. NIK 
and IKK-α were found play key roles in activat-
ing NF-κB via inflammatory cytokines. In this 
study, overexpression of IRAK4 activated the 
expression of inflammatory cytokines IFN-γ, 
IL-β, IL-6 and TNF-α, which then activated IKK. 
The activated IKK phosphorylates IκB proteins, 
which leads to the degradation of IκB. It releas-
es p50/p65 heterodimer, which enter into the 
nucleus and act as a transcription factor. 
Moreover, IKK phosphorylates the Ser536 of 
p65, so it increases the transactivation activity 
of NF-κB [25].

In conclusion, this study indicates the level of 
miR-27a is reduced in macrophages because of 
Mtb infection. The miR-27a mimics attenuate 
IFN-γ, IL-β, IL-6 and TNF-α secretion in macro-
phages by targeting IRAK4. Our study indicated 
miR-27a is important in generating inflamma-
tory factors, which help us to find new method 
to treat TB. 
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