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Background: The importance of microRNAs (miRs) has been documented in infections. 
This study estimated the role of miR-340-5p in Mycobacterium tuberculosis (Mtb)-infected 
alveolar type II cells.
Methods: The microarray of GEO database was analyzed to find the differentially expressed 
miRs caused by Mtb infection, and miR-340-5p was selected as the research object. The 
effects of Mtb infection on A549 cells were studied by MTT, CFU, EdU, flow cytometry and 
ELISA assays. miR-340-5p expression was altered in Mtb-infected A549 cells. The down-
stream target of miR-340-5p was found by bioinformatics analysis and verified by the rescue 
experiment. The pathways regulated by miR-340-5p and its target gene were further studied.
Results: Mtb infection suppressed the activity of A549 cells and promoted the release of 
inflammatory factors. Mtb infection inhibited miR-340-5p expression. Overexpression of miR- 
340-5p enhanced the resistance of A549 cells to Mtb infection. Moreover, miR-340-5p targeted 
TMED7. Overexpression of TMED7 reversed the protective effect of miR-340-5p on Mtb- 
infected A549 cells. miR-340-5p inhibited the activation of NF-κB by targeting TMED7.
Conclusion: miR-340-5p inhibits the activation of NF-κB by targeting TMED7, thus 
alleviating the injury of A549 cells caused by Mtb infection. This study may offer a novel 
approach to Mtb infection.
Keywords: Mycobacterium tuberculosis, alveolar type II cells, microRNA-340-5p, TMED7, 
NF-κB

Introduction
Mycobacterium tuberculosis (Mtb) is a specific intracellular pathogen with human 
beings as the major hosts, which grows most rapidly in organs with high oxygen 
level.1 The lung represents the most common organ involved in tuberculosis infection 
among immune active hosts, and the lung involvement rate of active tuberculosis 
patients is estimated to be 79% to 87%.2 Pulmonary tuberculosis generally progresses 
slowly without an exact date of onset, and has an extensive spectrum of manifestations 
from skin positivity with negative X rays to advanced tuberculosis.3 The typical 
clinical characteristics of pulmonary tuberculosis involve chronic cough, expectora-
tion, anorexia, weight loss, fever, night sweats and hemoptysis.4 Treatment for 
pulmonary tuberculosis is a costing and prolonged progress, usually accompanied 
by high incidence of drug-related toxic effects.1 Hence, developing novel and potent 
therapeutic targets for the treatment and intervention of pulmonary tuberculosis 
remains an urgent issue to be solved.
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microRNAs (miRs) are accepted as regulators of gene 
expression at posttranscriptional level and affect consider-
able biological processes, including mammalian immunity.5 

miRs bear potential applications as biomarkers of non- 
communicable and communicable diseases.6 A recent 
study has revealed that host immune response to Mtb is 
modulated by a variety of miRs, and differential expression 
of miRs contributes to distinguishing active tuberculosis 
patients from healthy individuals or latent tuberculosis 
patients.7 For example, miR-155 and miR-132 are impli-
cated in the progression of pulmonary tuberculosis, thus 
serving as potential biomarkers for diagnosis of pulmonary 
tuberculosis.8 Inhibition of miR-27a or injection of miR-27a 
antagomir possesses resistant effects on Mtb infection in 
mice.9 Moreover, miR-124 played a negative regulatory 
role in fine-tuning inflammatory response in macrophages 
upon mycobacterial infection.10 miR-223 was critical for 
the control of tuberculosis by regulating leukocyte 
chemotaxis.11 miR-340-5p is located in 5q35 and embedded 
in the second intron of host gene RNF130, which has been 
demonstrated to function as a tumor suppressor of human 
tumors, including myeloma and diffuse large B-cell 
lymphoma.12,13 Intriguingly, a previous literature has 
pointed out that knockdown of endogenous miR-340 can 
prevent cells from being infected with influenza A virus, 
and enforced miR-340 expression promotes the replication 
of influenza A virus.14 However, whether miR-340-5p 
exerts an effect on Mtb infection remains unknown yet. 
We herein investigated the role of miR-340-5p in the resis-
tance of alveolar type II cells to Mtb infection, along with 
its downstream mechanism, which shall provide impetus for 
the determination of new therapeutic targets for patients 
with pulmonary tuberculosis.

Materials and Methods
Cell Culture and Transfection
Human alveolar type II cell A549 (CCL-185) from 
American type culture collection (ATCC, Manassas, VA, 
USA) were cultured in RPMI-1640 medium (Gibco, Grand 
Island, NY, USA) containing 10% fetal bovine serum and 
100 U/mL penicillin (Sigma-Aldrich, Merck KGaA, 
Darmstadt, Germany) and 100 mg/mL streptomycin 
(Sigma-Aldrich) at 37°C and 5% CO2.

The overexpression (oe)-TMED7 plasmids, miR-340- 
5p mimic and their respective controls were purchased 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). 

All transfections were carried out with Lipofectamine 
3000 (Thermo Fisher Scientific Inc., Waltham, MA, USA).

Mtb Infection
Mtb H37Rv (27294) purchased from ATCC was cultured in 
Middlebrook 7H9 liquid medium (BD Biosciences, Franklin 
Lakes, NJ, USA) containing oleic acid albumin dextrose 
catalase enrichment (Sigma-Aldrich) at 37°C. Mtb infection 
was conducted according to a previous report.15 Mtb culture 
(1 mL) was precipitated for 2 minutes and then resuspended 
in RPMI-1640 medium. Next, the suspension was whirled 
for 2 minutes and then ultrasonically treated in a bath ultra-
sound (Thomas scientific, Swedesboro, USA) for 5 minutes. 
After that, the top layer of suspension was allowed to stand 
for 5 minutes, and then the suspension was used to infect 
A549 cells. For infection, H37Rv and A549 cells seeded in 
24-well plates were infected with Mtb at a multiplicity of 
infection (MOI) of 10 and further cultured to the indicated 
time (0, 12, 24 and 48 hours) to examine the effect of 
infection duration on miR-340-5p expression in cells. Cells 
were infected with Mtb at different MOI values (2, 4, 6, 8, 
10) to examine the effect of different MOI values on miR- 
340-5p expression in cells.

Colony Forming Unit (CFU)
CFU analysis was adopted to evaluate the survival rate of 
Mtb-infected A549 cells. In short, the transfected A549 cells 
(1 × 104) were infected with Mtb at 10 MOI for a indicated 
time, and lysed with sterile distilled water. Ten-fold serial 
diluents were used for quantitative culture, and each diluent 
was seeded on the Middlebrook 7h10 agar plate containing 
10% oleate albumin glucose catalase enrichment (Sigma- 
Aldrich). After 3 weeks of culture, Mycobacterium colony 
was observed, and CFU was calculated.

3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide (MTT) 
Assay
MTT kit (Beyotime Biotechnology Co., Ltd., Shanghai, 
China) was adopted as per the protocol provided by the 
manufacturer for A549 cell viability assessment. A549 
cells grew overnight in 96-well plates at 3×103 cells/well 
to an 80% confluence. After transfection and/or Mtb infec-
tion, 10 μL MTT (10 mg/mL) was added to 200 μL cell 
suspension for a 4-hour incubation at 37°C. The medium 
was aspirated, and the purple formazan crystal was dis-
solved by adding 100 μL dimethyl sulfoxide. After 
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incubation in the dark at 37°C for 30 minutes, the optical 
density (OD) value was measured at 570 nm using 
a spectrophotometer (Thermo Fisher).

5-ethynyl-2ʹ-deoxyuridine (EdU) Labeling 
Assay
The BeyoClick EdU kit (Beyotime) was adopted as per the 
protocol provided by the manufacturer to detect DNA 
synthesis in cells. In short, 1×105 cells after transfection 
and/or Mtb infection were incubated with EdU (10 μM) 
for 3 hours, and then fixed for 15 minutes with 4% paraf-
ormaldehyde. The cells were washed with phosphate- 
buffered saline (PBS) for 5 minutes and treated for 15 
minutes with 0.3% Triton X-100. Then cells were incu-
bated for 30 minutes with Click Additive solution in the 
dark. The nuclei were stained with 4ʹ,6-diamidino-2-phe-
nylindole. The cells were observed under a fluorescence 
microscope. The proportion of EdU-positive cells was 
counted by ImageJ.

Flow Cytometry
The cells (1 × 104) were fixed on ice with 70% ethanol and 
stained with 50 μg/mL propidium iodide (Thermo Fisher) at 
4°C for 30 minutes. Flow cytometer (BD FACScalibur ™) 
and ModFit LT 3.1 software were used for cell cycle 
analysis.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
The supernatant of 1×105 A549 cells after transfection 
and/or Mtb infection was collected for ELISA analysis of 

inflammatory cytokines. The concentrations of interleukin- 
6 (IL-6) (ab178013, Abcam, Cambridge, MA, USA) and 
tumor necrosis factor-α (TNF-α) (ab181421) in cell super-
natant were analyzed by ELISA kits (Abcam).

Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR)
TRIzol kit was adopted for total RNA extraction. The 
cDNA was synthesized using TaqMan MicroRNA reverse 
transcription kit (Thermo Fisher) or RevertAid RT reverse 
transcription kit (Thermo Fisher). RT-qPCR was performed 
on LightCycler 480 Real-Time PCR system (Roden 
Applied Sciences, Mannheim, Baden Wuerttemberg, 
Germany). U6 or GAPDH served as the internal reference. 
Quantitative expression was calculated by 2−ΔΔCT. The pri-
mers are shown in Table 1.

Dual-Luciferase Reporter Gene Assay
The potential binding sites of miR-340-5p and TMED7 
were obtained by Starbase. The wild type of TMED7 gene 
containing miR-340-5p binding sequence (WT-TMED7) 
and the mutant of the binding sites of TMED7 and miR- 
340-5p (MT-TMED7) were amplified by PCR and inserted 
into pGL3 luciferase vector (Promega, Madison, WI, 
USA). Then, A549 cells were co-transfected with WT- 
TMED7 or MT-TMED7 luciferase plasmids with NC 
mimic or miR-340-5p mimic by Lipofectamine 3000. 
The cells were harvested at 48 hours post-transfection, 
and the luciferase activity was measured by a dual- 
luciferase reporter kit (Promega), and the luciferase activ-
ity was standardized.

Table 1 Primer Sequences for RT-qPCR

Gene Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)

miR-340-5p TTATAAAGCAATGAGACTGATT GAACATGTCTGCGTATCTC

TMED7 TGACAACGCCAAGCAGTGCTTC CTTTACCATCAGGATCTTCTAATCG

NFE2L2 CACATCCAGTCAGAAACCAGTGG GGAATGTCTGCGCCAAAAGCTG
SOX4 GACATGCACAACGCGGAGATCT GTAGTCAGCCATGTGCTTGAGG

NPAT GACTGCTCAACCTCTACCACCT CCATTCCTTGGAGTACAGGCTG

RNF11 GCCTAAAGGAGTTTATGACCCTG GTCCAGGTGATAGATGTGCATGC
PTP4A1 TTGCTGTCCATTGTGTCGCAGG CTGTTAAAAGCTCCACGCCGCT

FRMD6 AGCAACAGCCACCGCCTCTATA GAGGTCCAGGTTGTCACTGATG

RUNX1 CCACCTACCACAGAGCCATCAA TTCACTGAGCCGCTCGGAAAAG
U6 CTCGCTTCGGCAGCACAT TTTGCGTGTCATCCTTGCG

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

Abbreviations: RT-qPCR, reverse transcription quantitative polymerase chain reaction; miR, microRNA; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NFE2L2, 
nuclear factor (erythroid-derived 2)-like 2; SOX4, sry-related high mobility group (HMG) box 4; NPAT, nuclear protein ataxia-telangiectasia; RNF11, ring finger protein 11; 
PTP4A1, protein tyrosine phosphatase type IV A member1; FRMD6, FERM domain-containing protein 6; RUNX1, runt-related transcription factor 1.
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RNA Immunoprecipitation (RIP)
The binding relationship between miR-340-5p and TMED7 
was detected by RIP kit (Merck Millipore, Billerica, MA, 
USA). After the cells (1 × 104) were lysed with RIP lysis 
buffer (Beyotime), the supernatant was incubated with mag-
netic beads containing anti-Ago2 (ab32381, 1:50) or IgG 
(ab109489, 1:100) after centrifugation. Then, protease 
K buffer was added to the sample. Finally, the target RNA 
was extracted and purified by RT-qPCR.

Western Blotting (WB)
Total protein was extracted from whole cells using RIP lysis 
buffer. NE-PER™ Nuclear and Cytoplasmic Extraction 
Reagents (Thermo Fisher) were used to obtain soluble pro-
tein fractions in the nucleus and cytoplasm. Protein concen-
tration was tested using the bicinchoninic acid assay kit 
(Thermo Fisher). Then, the protein was subjected to electro-
phoresis separation and transferred onto nitrocellulose mem-
branes. The membranes were blocked with 5% bovine serum 
albumin for 1 hour and probed with primary antibodies to 
TMED7 (1:1000, ab126094, Abcam), GAPDH (1:1000, 
ab181603, Abcam), H3 (1:1000, ab1791, Abcam), NFκB 
p65 (1:1000, #8242, Cell Signaling Technology, CST), and 
p-NFκB p65 (Ser536) (1:1000, #3033, CST) at 4°C over-
night. Afterwards, the membranes were cultured for 2 hours 
with the secondary horseradish peroxidase-conjugated goat 
anti-rabbit antibody to IgG (1:5000, ab205718, Abcam). 
Next, the membranes were visualized using the enhanced 
chemiluminescence reagent (Millipore). The image of pro-
tein blotting was analyzed by ImageJ.

Statistical Analysis
All data were processed using SPSS 22.0 (IBM Corp., 
Armonk, NY, USA). Data of three independent experiments 
were expressed in the form of mean ± standard deviation. 
Unpaired t test was adopted to compare the two groups. 
One-way or two-way analysis of variance (ANOVA) was 
applied for comparison among multiple groups, followed by 
Tukey’s multiple comparisons test. The p < 0.05 indicated 
the statistically significant difference.

Results
MTB Infection Inhibits miR-340-5p 
Expression in A549 Cells
Peripheral blood mononuclear cells from six patients 
with active tuberculosis (GSM722294-GSM722299) and 
three normal volunteers (GSM722306-GSM722308) 

were selected from GEO database. The differentially 
expressed miRs were analyzed. The 50 most representa-
tive miRs are shown in the heatmap (Figure 1A). The 
relative expression of these genes is shown in the 
Supplementary Document. The miR-340-5p expression 
in tuberculotic patients was lower than that in normal 
volunteers, and miR-340-5p in pulmonary tuberculosis 
has not been studied.

First, A549 cells were infected with Mtb (MOI = 10). 
With the prolongation of infection time, the number of 
Mtb in the cells was increased (Figure 1B), and cell 
viability was decreased gradually (Figure 1C). EdU stain-
ing elicited that Mtb infection significantly prevented the 
DNA synthesis of A549 cells (Figure 1D). Mtb infection 
resulted in G1 phase arrest of A549 cells and a significant 
decrease in S phase (Figure 1E). In addition, the effect of 
Mtb infection on the concentrations of pro-inflammatory 
factors IL-6 and TNF-α in the supernatant of A549 cells 
was detected by ELISA, and cells without Mtb infection 
were used as controls (Figure 1F). We found that the 
concentrations of pro-inflammatory factors in the control 
group maintained a relatively stable level, while Mtb 
infection resulted in the increases of IL-6 and TNF-α 
levels. The aforementioned results exhibited that we suc-
cessfully infected A549 cells with Mtb, which decreased 
cell viability and induced the levels of pro-inflammatory 
factors.

The miR-340-5p expression in A549 cells with or 
without Mtb infection was detected by RT-qPCR. Mtb 
notably inhibited miR-340-5p expression in a time- 
dependent manner (Figure 1G). The infection time of 
Mtb was selected as 48 hours for the later experiment. 
We then infected cells with Mtb at different MOI values 
(2, 4, 6, 8, 10) for 48 hours. Cells without Mtb infection 
were used as controls. RT-qPCR results revealed that 
Mtb infection inhibited the expression of miR-340-5p 
in cells in an MOI value-dependent manner (Figure 1H).

Overexpression of miR-340-5p 
Attenuates the Damage of Mtb Infection 
to A549 Cells
To study the effect of miR-340-5p on Mtb infection, we 
transfected miR-340-5p mimic and its control into A549 
cells, and the effective transfection was detected after 24 
hours (Figure 2A). The transfected A549 cells were infected 
with Mtb for 48 hours. The viability of A549 cells after miR- 
340-5p mimic transfection was clearly increased (Figure 2B), 
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which occurred concomitant with repressed survival of Mtb 
(Figure 2C) and enhanced DNA synthesis (Figure 2D) and 
cell cycle entry (Figure 2E). Additionally, the increases of 
IL-6 and TNF-α induced by Mtb infection were significantly 
reversed by overexpression of miR-340-5p (Figure 2F).

miR-340-5p Targets TMED7
To probe the potential downstream of miR-340-5p in A549 
cells, we predicted the target genes of miR-340-5p in the 
bioinformatics websites Starbase, Targetscan, RNA22 and 
miRWalk. There were 8 overlapping target genes 

Figure 1 Mtb infection inhibits miR-340-5p expression in A549 cells. (A) miRs differentially expressed in peripheral blood of patients with Mtb and normal volunteers. (B) 
CFU analyzed the survival of Mtb in A549 cells infected with Mtb. (C) The viability of Mtb-infected A549 cells measured by MTT. (D) DNA synthesis of Mtb-infected A549 
cells detected by EdU staining. (E) The cell cycle of Mtb-infected A549 cells examined by flow cytometry. (F) Release of pro-inflammatory factors in Mtb-infected A549 cells 
detected by ELISA. (G) miR-340-5p expression in Mtb-infected A549 cells at different time points examined by RT-qPCR. (H) Effect of Mtb infection with different MOI 
values for 48 hours on miR-340-5p expression in A549 cells determined by RT-qPCR. All cell experiments were repeated three times independently. One-way ANOVA 
(panels B/C/D/F/G/H) or two-way ANOVA (panel E) was used for comparisons among groups. vs 0 h or cells without infection (Control), *p < 0.05, **p < 0.01.
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(NFE2L2, SOX4, NPAT, RNF11, TMED7, PTP4A1, 
FRMD6, and RUNX1) (Figure 3A). The expression of 
these genes was detected in A549 cells transfected with 
NC mimic or miR-340-5p mimic. Only TMED7 was 
found to have significant difference (Figure 3B).

The binding sites of miR-340-5p and TMED7 were 
obtained and mutated to construct WT-TMED7 and MT- 

TMED7 plasmids (Figure 3C). These plasmids were co- 
transfected with NC mimic or miR-340-5p mimic into 
A549 cells. miR-340-5p mimic clearly inhibited the luci-
ferase activity of WT-TMED7, but had no effect on MT- 
TMED7 (Figure 3D). RIP experiment further validated the 
binding relation between miR-340-5p and TMED7 (Figure 
3E). Specifically, compared with anti-IgG, anti-Ago2 

Figure 2 Overexpression of miR-340-5p attenuates the damage of Mtb infection to A549 cells. (A) miR-340-5p expression in A549 cells after miR-340-5p mimic 
transfection detected by RT-qPCR. (B) The viability of A549 cells measured by MTT. (C) The survival of Mtb in A549 cells analyzed by CFU. (D) DNA synthesis of A549 cells 
detected by EdU staining. (E) The cell cycle of A549 cells examined by flow cytometry. (F) Release of pro-inflammatory factors in A549 cells detected by ELISA. All cell 
experiments were repeated three times independently. Unpaired t test (panels A/B/C/D/F) or two-way ANOVA (panel E) was used for data comparisons. vs NC mimic, 
*p < 0.05.
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significantly enriched the expression of miR-340-5p and 
TMED7, and after miR-340-5p mimic transfection, the 
enrichment ability of both was enhanced. Finally, we 
detected TMED7 expression in Mtb-infected A549 cells. 
We found that the expression of TMED7 was significantly 
higher in cells after 48 h of Mtb infection than that in cells 
without Mtb infection (Figure 3F).

Overexpression of TMED7 Attenuates 
the Protective Effect of miR-340-5p 
Mimic on Mtb-Infected A549 Cells
To prove that TMED7 is the downstream gene of 
miR-340-5p in Mtb-infected A549 cells, we transfected 
oe-TMED7 plasmids into A549 cells overexpressing 
miR-340-5p, and the transfection was verified by RT- 
qPCR (Figure 4A). The transfected A549 cells were 
infected with Mtb for 48 hours. The viability of A549 
cells after miR-340-5p mimic + oe-TMED7 treatment 
was clearly decreased (Figure 4B), along with increased 
survival of Mtb (Figure 4C) and weakened DNA synthesis 
(Figure 4D) and cell cycle entry (Figure 4E). Additionally, 
the IL-6 and TNF-α levels reduced by miR-340-5p over-
expression were significantly reversed by oe-TMED7 
(Figure 4F).

miR-340-5p Targets TMED7 to Mediate 
the NF-κB Pathway
miR-340-5p can inhibit inflammation in pulmonary hyper-
tension, neuroinflammation and heart injury by inhibiting 
the activation of NF–κB,16–18 while TMED7 is a cis- 
related gene of NF-κB.19 Therefore, we speculated that 
miR-340-5p can reduce the Mtb infection-induced inflam-
matory responses by inhibiting TMED7 and NF-κB 
pathway.

A549 cells transfected with miR-340-5p mimic or miR- 
340-5p mimic + oe-TMED7 were collected for Mtb infec-
tion. By detecting changes in TMED7 mRNA expression 
using RT-qPCR, we found that miR-340-5p mimic signifi-
cantly repressed the expression of TMED7 mRNA, while 
the expression of TMED7 mRNA was significantly restored 
after transfection with oe-TMED7 (Figure 5A). WB test was 
conducted to examine the protein level of TMED7 and the 
activation of NF-κB in A549 cells transfected with miR- 
340-5p mimic + oe-TMED7. Mtb infection enhanced 
TMED7 expression and NF-κB phosphorylation. By con-
trast, overexpression of miR-340-5p significantly annulled 
the increases of TMED7 and NF-κB protein levels induced 
by Mtb infection, which was reversed by overexpression of 
TMED7 (Figure 5B) (all p < 0.05). We also performed 

Figure 3 miR-340-5p targets TMED7 in A549 cells. (A) The target gene of miR-340-5p predicted by bioinformatics website. (B) The expression of potential target genes 
examined by RT-qPCR. (C) The potential binding sites between TMED7 and miR-340-5p. (D) the luciferase activity of WT-TMED7/MT-TMED7 validated by dual-luciferase 
assay. (E) The enrichment ability of anti-Ago2 to miR-340-5p and TMED7 examined by RIP assay. (F) TMED7 expression in A549 cells after Mtb infection detected by RT- 
qPCR. All cell experiments were repeated three times independently. One-way ANOVA (panel F or two-way ANOVA (panels B/D/E) was used for data comparisons. vs NC 
mimic, *p < 0.05; vs anti-IgG, #p < 0.05, ##p< 0.01; vs cells without infection (Control), @p < 0.05.
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subcellular fractionation and subjected the nuclear and cyto-
plasmic components to WB experiments to detect NFκB 
nuclear translocation (phosphorylated NFκB p65). We 
observed that the expression of p-NFκB in the nucleus of 

cells transfected with miR-340-5p mimic was significantly 
reduced compared to cells transfected with NC mimic, while 
overexpression of TMED7 significantly promoted the 
expression of p-NFκB in the nucleus (Figure 5C).

Figure 4 Overexpression of TMED7 attenuates the protective effect of miR-340-5p mimic on Mtb-infected A549 cells. (A) TMED7 expression after co-transfection 
detected by RT-qPCR. (B) the viability of A549 cells measured by MTT. (C) The survival of Mtb in A549 cells analyzed by CFU. (D) DNA synthesis of A549 cells detected by 
EdU staining. (E) The cell cycle of A549 cells tested by flow cytometry. (F) Release of pro-inflammatory factors in A549 cells detected by ELISA. All cell experiments were 
repeated three times independently. Unpaired t test (panels A/B/C/D/F) or two-way ANOVA (panel E) was used for data comparisons. vs miR-340-5p mimic + oe-NC, *p < 
0.05.
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To demonstrate that the miR-340-5p/TMED7/NFκB axis 
that regulates Mtb infection still holds under the condition of 
a low MOI value, we infected A549 cells transfected with 
miR-340-5p mimic, miR-340-5p mimic + oe-TMED7 and 
their respective controls with Mtb at a low MOI value (4). 
The expression of TMED7 in cells was detected by RT- 
qPCR (Figure 5D). miR-340-5p mimic suppressed TMED7 
expression even in cells with low MOI levels. Transfection 
of oe-TMED7 significantly reversed the inhibitory effect of 
miR-340-5p mimic on TMED7 expression. By WB detec-
tion of nuclear p-NFκB expression, we noted that overex-
pression of miR-340-5p still suppressed nuclear p-NFκB 
expression at a low MOI, while p-NFκB nuclear transloca-
tion was significantly increased after overexpression of 
TMED7 (Figure 5E).

Discussion
Tuberculosis remains a conspicuous public health problem 
worldwide and ranks the second leading cause of infec-
tious diseases-related death in the world.20 In view of the 
critical function of miRs in anti-Mtb infection, differen-
tially expressed miRs can affect the results of tuberculosis 
infection and become biomarkers for diagnosis and treat-
ment of tuberculosis.7 To our knowledge, we were the first 

to clarify that miR-340-5p played a regulatory role in Mtb 
infection via the TMED7/NF-κB axis.

Mtb possesses a recognized ability to evade the host’s 
immune system, which makes it survive in cells for a long 
time.7 The multifactorial characteristics of miRs facilitate 
the study of their roles in complicated host reactions, 
including immunity against chronic bacterial infections.21 

GEO database showed that miR-340-5p expression in per-
ipheral blood mononuclear cells from tuberculosis patients 
was notably lower than that in healthy volunteers. Much 
information about the benefit of miR-340–5p in human 
malignancy can be obtained from previous 
literatures.22–24 For instance, miR-340-5p can act as 
a predictor for the prognosis of lung adenocarcinoma.25 

miR-340-5p expression was downregulated during 
Hepatitis B virus infection, thus accelerating the hepato-
cellular carcinoma cell migration.26 Nevertheless, the role 
of miR-340-5p in Mtb infection has not been clarified 
before. To determine the function of miR-340-5p in Mtb 
infection, we transfected miR-340-5p mimic into A549 
cells and found that miR-340-5p mimic clearly suppressed 
the survival of Mtb in A549 cells. Consistently, upregu-
lated miR-340 can prevent Hepatitis B virus-induced cell 
growth, making it a promising therapeutic strategy for 
hepatocellular carcinoma.27 Susceptibility to Mtb may be 

Figure 5 miR-340-5p targets TMED7 to mediate the NF-κB pathway. (A) TMED7 expression after co-transfection detected by RT-qPCR. (B) The levels of TMED7 and NF- 
κB protein were detected by WB after co-transfection. (C) WB detection of p-NFκB nuclear translocation. (D) TMED7 mRNA expression in cells under low MOI (4) by RT- 
qPCR. (E) WB detection of p-NFκB nuclear translocation in cells with low MOI (4). All cell experiments were repeated three times independently. One-way (A/D) or two- 
way ANOVA (B/C/E) was used for data comparisons. vs NC mimic, *p < 0.05; vs miR-340-5p mimic + oe-NC, #p < 0.05.
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due to poor regulation of the immune response, including 
systemic inflammation and excessive inflammation under 
certain conditions.28 Disease-induced systemic inflamma-
tion is characterized by upregulated levels of cytokines.29 

Tuberculosis patients show elevated levels of systemic 
inflammation-associated markers such as IL-6 and TNF- 
α.30 Our ELISA results exhibited that miR-340-5p mimic 
could notably reverse the upregulated levels of IL-6 and 
TNF-α upon Mtb infection. Overexpressing miR-340-5p 
also reduced the levels of TNF-α and IL-6 in rats with 
chronic constriction injury.31 Enhanced miR-340-5p 
expression can inhibit the inflammatory response of pul-
monary artery smooth muscle cells by declining the levels 
of IL-1β and IL-6.18 It was suggested that overexpression 
of miR-340-5p attenuated the damage of Mtb to A549 
cells by mitigating inflammatory responses and reducing 
Mtb survival.

Subsequently, the target genes of miR-340-5p were 
predicted by bioinformatics website. We detected the 
expressions of these genes in A549 cells transfected with 
NC mimic or miR-340-5p mimic and found that only 
TMED7 showed significant difference. Dual-luciferase 
assay and RIP assay confirmed the binding relation 

between miR-340-5p and TMED7. TMED proteins are 
a crucial family of transmembrane adaptor proteins, and 
deletions of some TMEDs may result in defects in 
embryonic development, which can even be fatal.32 

Whether TMED7 has influences on Mtb infection remains 
unknown yet. Our results revealed that TMED7 expression 
was elevated after Mtb infection. Overexpression of 
TMED7 attenuated the protective effects of miR-340-5p 
mimic on A549 cells infected with Mtb.

We then shifted to investigating the signaling pathway 
regulated by miR-340-5p/TMED7. Upregulated miR-340 
can alleviate neuroinflammation in lipopolysaccharides- 
induced microglia cells via the NF-κB pathway.16 NF-κB 
pathway is implicated in the inhibitory effects of miR- 
340-5p in hypoxia/reoxygenation-induced myocyte apop-
tosis and oxidative stress.17 Importantly, TMED7 is 
reported to be the cis-related gene of NF-κB.19 We specu-
lated that miR-340-5p reduced the Mtb infection-induced 
inflammatory response via TMED7/NF-κB. NF-κB is 
indispensable for innate and humoral immunity, but the 
activated NF-κB pathway in organs may trigger various 
diseases.33 Notably, NF-κB pathway is demonstrated to 
participate in the innate immune responses against Mtb 

Figure 6 Mtb infection resulted in a significant decrease in miR-340-5p expression in A549 cells to promote TMED7/NFκB axis expression, causing cell cycle arrest and 
inflammation.
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infection.19 We exhibited that Mtb infection promoted 
NF-κB phosphorylation. Moreover, overexpression of 
miR-340-5p inhibited the phosphorylation and nuclear 
translocation of NF-κB induced by Mtb infection, which 
could be reversed by overexpression of TMED7. Briefly, 
miR-340-5p impaired the NF-κB axis by targeting 
TMED7. However, the detailed mechanism of TMED7 
involvement in the NF-κB axis regulation awaits our 
further investigation.

Conclusion
To sum up, overexpression of miR-340-5p relieved 
A549 cell injury induced by Mtb infection via the 
TMED7/NF-κB axis (Figure 6). This study might hint 
the possibility of miR-340-5p as a potential target for 
patients with pulmonary tuberculosis. In the future, we 
shall conduct more researches on the feasibility and 
safety of miR-340-5p in the management of pulmonary 
tuberculosis, with the aim to transform miR-340-5p 
from a gene tool into a clinical means. Even though 
human alveolar type II cell A549 is a cell type with 
stem cell potential for epithelial injury repair and regen-
eration and more available than the primary cells, the 
altered phenotypes make it does not fully resemble 
primary cells. Therefore, more suitable cells should be 
applied in our further works.
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tumor necrosis factor-α; WB, Western blotting.
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