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ARTICLE INFO ABSTRACT

Keywords: Autophagy plays an important role in the fight against Mycobacterium tuberculosis infection. Massive researches
MiR-129-3p proved that miRNAs could be the regulators of autophagy, which implied miRNAs could favor MTB invasion or
Atg4b latent infection. In our study, multiple bioinformatics databases and software were used to seek and lock the
Autophagy miRNAs associating with regulation of autophagy. Notably, a novel miR-129-3p was found and its target gene
MTB Atg4b showed grand potential in mediation of autophagy. Moreover, BCG infection triggered miR-129-3p
overexpression in RAW264.7 cells. Up-regulation of miR-129-3p decreased mRNA or protein level of Atg4b and
resulted in the inhibition of autophagy. The antagomir of miR-129-3p had the opposite impact. The LC3 puncta
formation in RAW264.7 cells were also affected after transfection of miR-129-3p mimic or antagomir. The
mRFP-GFP-LC3 analysis indicated that mimic of miR-129-3p impaired autophagic flux while antagomir im-
proved autophagy. The CFU assay results showed that miR-129-3p promoted the intracellular survival of BCG in
macrophages. Consequently, these data suggested that miR-129-3p could favor MTB survival by inhibiting au-

tophagy via Atg4b.

1. Introduction

Mycobacterium tuberculosis (M. tuberculosis), the causative agent of
tuberculosis, can survive within macrophages and leads to latent in-
fection. Many researches indicate MTB can evade host antimicrobial
responses of immune system [1,2]. In this process, the emerging roles of
miRNAs are sort of two-blade swords. Sometimes, miRNAs are de-
fenders against MTB by facilitating autophagy through targeting dif-
ferent genes [3,4]. In some cases, miRNAs are accomplices of MTB in-
fection by inhibiting host antimicrobial reacting [5]. Since the
macrophages are the first defense line against MTB, the defensive me-
chanism especially the regulation of autophagy is the most con-
centrated in our study.

MiRNAs are under the spotlight for decades since the very beginning
of their discovery. These small non-coding RNAs which are approxi-
mately 21 to 25 nucleotides in length, can control the expression of
almost 30% of protein-coding genes by interacting with their mRNA,

resulting in impair of translation [6]. In addition, the manner of
miRNAs expression could be helpful as biomarkers for cancer or MTB
infection [7]. Increasing reports suggest that miRNAs works in various
aspects including cancer-related cell transformation, apoptosis or in-
flammation [8-10]. Recently, miR-155 was presented a new role as a
key regulator of autophagy via dysregulation of MTOR pathway [11].
MiR-144 could inhibit antimicrobial responses by targeting autophagy
protein DRAM2 [12]. Another study revealed that members of the miR-
148/-152 family might represent prognostic markers and/or potential
therapeutic targets for multiple types of cancer [13,14]. Thus, the
precise role of miRNAs in different biological process is worthy to
study.

Bioinformatics is a field contains diverse software tools and
methods, which can narrow the range of massive biological data. In our
research, multiple tools were used. For instance, functional pathways
were analyzed by the Database for Annotation Visualization and
Integrated Discovery (DAVID). DAVID is a tool of bioinformatics
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resources which aims to provide functional interpretation of large lists
of genes derived from genomic studies [15]. Our previous research has
found lots of miRNAs which were differentially expressed in rapamycin
or 3-MA treated RAW264.7 cells comparing with control through RNA-
sequencing technology [16]. In consideration of the upcoming wide-
spread use of RNA-sequencing, our purpose is to provide a systematic
way of bioinformatics analysis especially in screening miRNAs that
correlated with autophagy are required illustration intensively.

Macroautophagy (referred to as autophagy) is a vital mechanism
responsible for intracellular cycling of nutrient and resistance to pa-
thogenic infection, which was found a half century ago. The autophagic
process contains two major steps: formation of autophagosomes, ma-
turation of autolysosome [17]. Since autophagy plays important roles in
the axis of maintaining intracellular conditions, it can be regulated by
dynamic pathways or cytokines [18,19]. Massive proofs show that the
mammalian target of rapamycin complex 1(mTOR1) can promote au-
tophagy by inhibiting ULK1 [20]. Notably, autophagy can be impacted
by Beclinl, which is a scaffold of Beclinl-associated PI3P-kinase class
III (PI3KC3) recruiting active or inhibiting factors like UVRAG [21,22].
Importantly, overexpression of IFNG can induce autophagy by trig-
gering Jak-STAT pathway [23]. Meanwhile, there are over 30 distinct
autophagy-related genes (ATGs) being reported so far. Among ATGs,
Atg4 contributes to converting LC3I into LC3II by cutting off C-terminal
last five amino acids of LC3 and regulates protein transport [24]. Atgl6
with a mutation fails to localize to the pre-autophagosomal structure or
interact with Atg5, suggest that their combination is crucial to the
performance of roles in autophagy [25]. Autophagy was also regarded
as a surveillance which can sense signals from various sources including
hypoxia, fatty acid, starvation and components of bacterial surface
especially on MTB [5,11,26]. The research indicates miRNAs circuit can
be used by MTB to inhibit autophagy and reprogram host lipid meta-
bolism to enable intracellular survival and persistence in the host [5].

In this study, we found a novel autophagy-related miR-129-3p
through RNA sequencing as well as bioinformatics analysis. All genes
function or pathway associating with autophagy was annotated via
DAVID. Eventually, miR-129-3p was predicted and proved to mediate
autophagic process by targeting Atg4b and favors MTB survival within
macrophages.

2. Results
2.1. Differential expression of miRNAs through RNA sequencing

The RNA sequencing results showed that 20 miRNAs were sig-
nificantly increased or decreased in RAW264.7 cells after treated with
rapamycin or 3-MA. As shown in Fig. 1A, one of the miRNA clusters
(from mmu-miR-152-5p to mmu-miR-215-5p) showed parallelly ex-
pressional trend. In addition, miR-182-3p, miR-20a and miR-129-5p in
this cluster had already been proved to be regulators of autophagy
through different ways [16,38,39]. Thus, we presumed that the rest
miRNAs in the cluster (such as miR-129-3p) might be involved in reg-
ulation of autophagy. Notably, miR-129-3p expression was increased
after treated with rapamycin indicating that it might play a role in
rapamycin induced autophagy.

2.2. Bioinformatics analysis of miRNAs’ target genes

14570 genes, the predicted target genes of 20 miRNAs, were ob-
tained by using miRWalk 3.0. All genes were uploaded to DAVID
software to identify GO categories and KEGG pathways. The partial
results of GO term enrichment and KEGG analysis are provided in
Table 1 (The top five of biological process contains transcription, DNA-
templated (GO: 0006351), transport (GO: 0006810), regulation of
transcription, DNA-templated (GO: 0006355), multicellular organism
development (GO: 0007275), positive regulation of transcription from
RNA polymerase II promoter (GO: 004944). First three of cellular
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component includes membrane (GO: 0016020), cytoplasm (GO:
0005737), nucleus (GO: 0005634)). The regulation of autophagy in
MTB infection is a complex process caused by different genes. The
autophagy-related GO enrichment which contained 21 terms covering
5560(1626 genes in biological process and 3934 genes in cellular
component) genes arouse our interests (Fig. 2A). Meanwhile, KEGG
analysis of 14570 genes revealed that there were 294 pathways en-
riched (Fig. 2B), and 18 (mmu05152: Tuberculosis, mmu04010: MAPK
signaling pathway, mmu04152: AMPK signaling pathway, mmu04310:
Wnt signaling pathway, mmu04630: Jak-STAT signaling pathway,
mmu04068: FoxO signaling pathway, mmu04350: TGF-beta signaling
pathway, mmu04150: mTOR signaling pathway, mmu04210: Apop-
tosis, mmu04620: Toll-like receptor signaling pathway, mmu04668:
TNF signaling pathway, mmu04062: Chemokine signaling pathway,
mmu04115: p53 signaling pathway, mmu04142: Lysosome,
mmu04151: PI3K-Akt signaling pathway, mmu04145: Phagosome,
mmu04064: NF-kappa B signaling pathway, mmu04140: Regulation of
autophagy.) of 294 pathways were founded to be responsible for
mediation of autophagy (Fig. 2B). Among these genes, miR-129-3p and
its target gene Atg4b were further confirmed by using three conven-
tional databases (miRanda, miRDB and TargetScan). As shown in
Fig. 2C, the intersection of three different databases contained 91
genes, and the Atg4b was on the top-ten list of these genes (Fig. 2C)
which also confirmed the results of miRWalk 3.0. The GO enrichment
and KEGG analysis of Atg4b were provided in Table 2. The STRING
database was recruited to verify the protein connection between Atg4b
and other autophagic regulators, and Atg4b was strongly correlated
with other genes (Fig. 2D). Taken together, miR-129-3p and Atg4b were
predicted to play crucial roles in regulation of autophagy.

2.3. BCG infection triggers miR-129-3p expression in RAW264.7 cell

To confirm the bioinformatics analysis results, miR-129-3p expres-
sion in RAW264.7 cells was measured by qRT-PCR. The expression of
miR-129-3p in rapamycin treated group was significantly increased
(Fig. 3A) which was in accord with our RNA sequencing results. Many
studies suggested that MTB infection could trigger abnormal expression
of miRNAs [4,8,11]. To explore whether miR-129-3p is associated with
MTB infection, we detected miR-129-3p expression in RAW264.7 cells
after BCG infection at different MOI (1 or 10) and determined time. The
expression of miR-129-3p was increased along with the amount of BCG
(Fig. 3B). Moreover, the expression miR-129-3p reached highest level at
12 h after infection and began to fall after 24 h (Fig. 3C), indicating that
miR-129-3p could be a symbol of MTB infection.

2.4. MiR-129-3p reduce Atg4b expression by interacting of its 3’'UTR

Basing on bioinformatics analysis, the 3"UTR of Atg4b was matched
with miR-129-3p seed region (Fig. 4A). Dual-luciferase report assays
results indicated that overexpression of miR-129-3p impaired luciferase
activity in 293 T cells containing Atg4b-WT vector but had little effect
in those cells transfected with Atg4b-Mut vector (Fig. 4B). In contrast,
this trend could be converted when antagomir replace the mimic of
miR-129-3p, but still failed to affect luciferase activity in 293 T cells
containing Atg4b-Mut vector (Fig. 4B). Before further studying in
RAW264.7 cells, the transfection efficiency was tested. QRT-PCR data
in Fig. 4C implied that the expression level of miR-129-3p was sig-
nificantly increased in RAW264.7 cells after transfected with mimic of
miR-129-3p and declined when antagomir transfected (Fig. 4C). Fur-
thermore, QRT-PCR and western blotting assays were used to detect the
impact of miR-129-3p on Atg4b expression both in mRNA and protein
levels. As shown in Fig. 4D, the mRNA level was reduced after trans-
fected with mimic of miR-129-3p, and vice versa (Fig. 4D). Meanwhile,
the western blot detection showed that Atg4b expression was depressed
after transfected with miR-129-3p mimic (Fig. 4E). Transfection of miR-
129-3p antagomir promoted the expression of Atg4b in RAW264.7 cells
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Fig. 1. Differential expression of miRNAs
acquired by RNA sequencing. (A) Heatmap of
the RNA-sequencing results including 20
miRNAs and their expression in different
treatment (rapamycin or 3-MA). The red re-
presents high expression and blue stand for
low expression. (B) The procedure of bioin-
formatics analysis and main content of each
step.
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(Fig. 4G). The western blot results were also in accord with the intensity
analyzed by Image J software (Fig. 4F, H). In conclusion, these results
indicated that miR-129-3p suppressed expression of Atg4b by targeting
its 3'UTR.

2.5. MiR-129-3p suppresses autophagy in RAW264.7 cells by inhibiting
Atg4b

RAW264.7 cells transfected with control, miR-129-3p mimic or
antagomir were furtherly infected with or without. Significantly, the
mimic of miR-129-3p contributed decrease of Atg4b protein expression
in uninfected and BCG-infected RAW264.7 cells while antagomir
brought an increase in both treatments (Fig. 5A, B). Moreover, the ac-
cumulation of p62 protein was enhanced in mimic group (Fig. 5A, B).
Meanwhile, miR-129-3p mimic decreased LC3II/I ratio while antagomir
contributed to promotion of LC3II/I ratio in uninfected group (Fig. 5A).
Interestingly, in BCG infected group, LC3-I level was decreased or in-
creased more notably than changes of LC3-II levels (Fig. 5B), which
indicating that Atg4b may play a role in the process of proLC3 con-
verting to LC3-I. Furthermore, transfection with Atg4b siRNA sig-
nificantly reduced the expression of Atg4b and both of LC3-I and LC3- I
in RAW264.7 (Fig. 5C, D). What’s more, miR-129-3p mimic could
strengthen suppression of Atg4b expression caused by SiRNA. However,

the antagomir of miR-129-3p could not elevate LC3-I/II expression
(Fig. 5C, D) which also suggesting Atg4b was the target was miR-129-
3p. For immunofluorescence analysis, RAW264.7 cells were transfected
with miR-129-3p mimic or antagomir for 24 h, and then treated with
rapamycin for 2h. As shown in Fig. 6A, the puncta of LC3 were sig-
nificantly decreased in miR-129-3p mimic group. Contrastly, the an-
tagomir of miR-129-3p improved the quantity of LC3 puncta (Fig. 6A);
the puncta counting confirmed these results (Fig. 6B). In conclusion,
miR-129-3p impaired autophagy via Atg4b.

2.6. MiR-129-3p restrains phagosome formation and favors BCG survival

To figure out which stages that miR-129-3p impact on autophagy,
the mRFP-GFP-LC3 cells were transfected with miR-129-3p mimic or
antagomir for 24 h. The Immunofluorescence analysis indicated that the
mimic of miR-129-3p decreased the red puncta, revealing miR-129-3p
impaired the autophagic flux (Fig. 7A, B). Both red and yellow puncta
were upregulated after transfection of miR-129-3p antagomir, sug-
gesting that autophagic flux were increased and the phagosome for-
mation was improved (Fig. 7A, B). The RAW264.7 cells were trans-
fected with control, mimic or antagomir of miR-129-3p, and then
treated with rapamycin or infected by MTB. The MTB survival within
macrophages measured by CFU assay suggested that the mimic of miR-

Table 1

Partial results of GO term enrichment.
Category Term Count P-Value
GOTERM_BP GO0:0006351 ~ transcription, DNA-templated 1075 1.22E—24
GOTERM_BP GO0:0006810 ~ transport 875 8.70E—21
GOTERM_BP GO0:0006355 ~ regulation of transcription, DNA-templated 793 2.21E—-13
GOTERM_BP G0:0007275 ~ multicellular organism development 728 2.17E-10
GOTERM_BP G0:0045944 ~ positive regulation of transcription from RNA polymerase II promoter 513 1.61E—-08
GOTERM_CC G0:0016020 ~ membrane 3255 1.60E—47
GOTERM_CC G0:0005737 ~ cytoplasm 3014 7.40E—-41
GOTERM_CC G0:0005634 ~ nucleus 2711 9.65E—25
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Fig. 2. Bioinformatics analysis of miRNAs’ target genes. (A) Autophagy-related genes gained by GO enrichment, including 19 biological processes and 2 cellular
components. (B) 294 pathways were annotated and including 18 pathways relating to regulation of autophagy (Left). The exact pathways and genes are provided
(Right). (C) The venn chart of miR-129-3p based on three classic target prediction database, miRWalk, miRDB and TargeScan. The top ten target genes in overlap part
are shown in right panel. (D) The network generated from STRING database analysis and demonstrates the interaction between Atg4B and many other genes that play

vital roles in autophagy mediation.

Table 2
GO enrichment and KEGG pathways of Atg4b.

Gene symbol GO Term/KEGG

Atg4b BP_G0:0000045 ~ autophagic vacuole formation
BP_GO:0006914 ~ autophagy

BP_G0:0000422 ~ mitophagy

BP_G0:0016239 ~ positive regulation of marcroautopahgy
CC_G0:0016020 ~ membrane

CC_G0:0005737 ~ cytoplasm

KEGG_PATHWAY ~ mmu04140: Regulation of autophagy
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129-3p obviously increased the survival of intracellular BCG (Fig. 8);
miR-129-3p antagomir inhibited proliferation of the bacteria. Collec-
tively, miR-129-3p overexpression favors BCG survival by inhibiting
autophagy in macrophages.

3. Material and methods
3.1. RNA sequencing
RAW264.7 cells were treated with 3-methyladenine (5 mM, 12 h) or

rapamycin (50nm, 2h) and then total RNA was isolated by using
TRIzol reagent (Sigma). Before small RNA libraries were constructed,
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Fig. 3. BCG infection triggers miR-129-3p expression in RAW264.7 cell. (A) RAW264.7 cells were treated with 3-MA (5 mM, 12 h) or rapamycin (50 nm, 2 h), and the
expression of miR-129-3p was measured by qRT-PCR. (B) RAW264.7 cells were infected with BCG at MOI of 1 or 10 for 6 h and miR-129-3p expression was detected
by qRT-PCR. (C) Expression level of miR-129-3p in RAW264.7 cells that infected with BCG at MOI of 10 for 6H and the total RNA were isolated at indicate time. The
expression of miR-129-3p was determined by qRT-PCR. Data represents the mean * SD from three replications. 'p < 0.05, "p < 0.01, “"p < 0.001.
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detected by qRT-PCR. Data represents the mean + SD from three replications. “p < 0.01, ""p < 0.001. (D) RAW264.7 cells were transfected with mimic or
antagomir of miR-129-3p for 24 h. The expression of Atg4b mRNA was determined by qRT-PCR. Data represent the mean + SD from three replications. "p < 0.05.
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from three replications. p < 0.05, “p < 0.001.

purity of total RNA was detected by Nanodrop to ensure OD260/ instruction of NEB Next Ultra small RNA Sample Library Prep Kit for
0OD280 = 1.8; 0D260/0D230 = 1.0.Total RNA was measured by Qubit [Mlumina (Illumina).Small RNAs were ligated with 5’RNA adaptor and
2.0 to guarantee the concentration was above 250 ng/ul. Integrity of 3’RNA adaptor. After first-strand synthesis and PCR amplification,
total RNA was tested by Agilent 2100 bioanalyzer (RIN = 8.0, 25S/ target fragments were acquired by using gel separation technology.
18S = 1.5). The libraries was constructed strictly according to Before submitted to HiSeq2500, the concentration of the libraries was
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Fig. 5. MiR-129-3p suppresses autophagy in RAW264.7 cells by inhibiting Atg4b. (A) RAW264.7 cells were transfected with control, mimic or antagomir of miR-129-
3p for 48, and the expression of P62, Atg4b, GADPH and LC3 were quantified by Western Blot. (B) RAW264.7 cells were transfected with control, mimic or
antagomir of miR-129-3p for 24 h and then infected by BCG at MOI of 10 for 24 h. The expression of P62, Atg4b, GADPH and LC3 were measured by Western Blot. (C)
RAW264.7 cells were transfected with control, siRNA of Atg4b, siRNA and mimic of miR-129-3p or antagomir of miR-129-3p. The quantity of P62, Atg4b, GADPH

and LC3 was detected by Western Blot. (D) Western blot results were analyzed by Image J software. Data represents the mean

“p < 0.05, “"p < 0.001.

detected by Qubit 2.0, Agilent 2100 bioanalyzer and Q-PCR.
Sequencing was performed at Biomarker Technologies (Beijing). After
comparing to Mouse reference genome (ftp://ftp.ensembl.org/pub/
release-78/fasta/mus_musculus/) by using miRDeep2. The reads com-
pletely matching the mouse genome were collected for further enrich-
ment .The differential expression of miRNAs were selected by |log2
(FC)| > = 1 FDR < = 0.01 as a standard.

3.2. Bioinformatics analysis of miRNAs

The differential expression of miRNAs was represented by heat map
produced by Multi Experiment Viewer (MeV, http: //mev-multiple-
experiment-viewer. sharewarejunction.com/). The potential target
genes of miRNAs were predicted by miRDB (http://www.mirdb.org/
miRDB/), miRanda (http://www.microRNA. org/) and Targetscan
(http://www.targetscan.org/). The intersection of target genes from
above three different databases was obtained by Venny 2.1(http://
bioinfogp.cnb.csic.es/tools/venny/) which facilitated to acquire a venn
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SD from three replications.

diagram. Meanwhile, all predicted target genes (14570 genes) were
upload to The Database for Annotation, Visualization and Integrated
Discovery (DVIAD, https://david.ncifcrf.gov/), a efficient online pro-
gram which could handle at most 3000 genes at a time with their
functional annotations and pathway enrichment. Interaction between
candidate proteins was predicted by using STRING, a functional protein
association networks database (www.string-db.org/).

3.3. Cell culture and transfection

Murine macrophage RAW264.7 cells (ATCC; TIB-71) and HEK-293 T
cells were purchased from the Type Culture Collection of the Chinese
Academy of Sciences, Shanghai, China. The cells were maintained in
DMEM medium contains 10% Fetal Bovine Serum (FBS) and incubated
at 37 °C with 5% CO,. RAW264.7 cells were transiently transfected with
50nM control or miR-129-3p mimic (GenePharma, Shanghai,
China);50 nM control or 150 nM miR-129-3p antagomir (GenePharma,
Shanghai, China); or 50 pM Atg4b siRNA, using Lipofectamine 3000
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Fig. 6. MiR-129-3p impairs autophagy confirmed by immunofluorescence analysis. (A) The RAW264.7 cells were transfected with control, mimic or antagomir of
miR-129-3p for 24 h and then treated with rapamycin for 2 h. Afterwards, the RAW264.7 cells were fixed and incubated in the presence of rabbit anti-LC3 antibody,
followed by FITC-conjugated goat anti-rabbit IgG. LC3 puncta was determined by confocal microscopy at 60X objective lens. (B) LC3 puncta were counted. Data

represents the mean = SD from three replications. ‘p < 0.05, 'p < 0.01.

(Invitrogen, USA) according to the manufacturer’s instructions

3.4. Bacterial strains and CFU assays

Bacillus Calmette-Guérin (BCG) Beijing strain was purchased from
Center for Disease Control and Prevention of China, and bacilli were
grown in Middlebrook 7H9 with 10% albumin dextrose catalase (ADC)
supplement at 37°C for 20days. The BCG were collected by cen-
trifugation at 500 X g for 8 min, and resuspended with culture medium
for cells infection. RAW264.7 cells was infected at MOI = 10 for six
hours and then washed by PBS thrice. For CFU assays, RAW264.7 cells
were transfected with agomir or antagomir of miR-129-3p for 24h.
Afterwards, cells were infected by the BCG bacilli suspension for 6 h.
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The extracellular BCG were removed by washing with PBS. The infected
cells were incubate at 37 °C for another 24h and lysed by cell lysis
buffer. After that, quantitative culturing was performed with 10-fold
serial dilutions on 7H10 agar plated with OADC. The plates were in-
cubated at 37 °C for 3 weeks, and colonies were counted.

3.5. Plasmid construction and luciferase reporter assays

The wild-type 3’-UTR of Atg4b which covers the seed region of miR-
129-3p was acquired by PCR. The mutant 3’-UTR of Atg4b was con-
structed via PCR based on the site-directed mutagenesis theory. The
primers used in the study were provided in Table 3.These wild-type or
mutant Atg4b 3'UTR were cloned into pMIR-Report vector (Ambion),
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Fig. 7. MiR-129-3p restrains phagosome formation. (A) The RAW264.7 cells were transfected with control, mimic or antagomir of miR-129-3p for 24 h and then

treated with rapamycin for 2 h. The pictures were captured by confocal microscope under 60 X objective lens. (B) The red or yellow puncta were counted by Image J
software. Data represents the mean + SD from three replications. p < 0.05, “p < 0.01.
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Fig. 8. MiR-129-3p overexpression favors BCG survival. RAW264.7 cells were
transfected with control, mimic or antagomir of miR-129-3p. After that, cells
were infected by BCG at MOI of 10.Intracellular survival of BCG were detected
by CFU assay. Data are presented the mean = SD from three replications.
“p < 0.05, “p < 0.01.

Table 3
Primer information.

Primers Sequence (5’-3")

miR-129-3p RT Stem-loop:
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAG
ATACTTTT
Forward: ACACTCCAGCTGGGAAGCCCTTACCCCAAA
Reverse: TGGTGTCGTGGAGTCG

Atg4b mRNA Forward: CGAGCTCTGGGTCTGTGGTTTATTTG
Reverse: GACGCGTCTGGAGGAAGGCTCAAGTA

Atg4b-WT Forward: CCGAGCTCTCCTGGGCACCTGGGTCTGT
Reverse: CGACGCGTCCAGTGGGCACGGTGTCTCA

Atg4b-Mut Forward: CCGAGCTCTCCTGGGCACCTGGGTCTGT
Reverse: CGACGCGTACGCTTCGATAAATCACACTGGGCAGA

GAPDH Forward: GCACCGTCAAGGCTGAGAAC
Reverse: TGGTGAAGACGCCAGTGGA

U6 Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT

miR-129-3p AAGCCCUUACCCCAAAAAGCAU

mimic GCUUUUUGGGGUAAGGGCUUUU
miR-129-3p AUGCUUUUUGGGGUAAGGGCUU
antagomir
NC Forward: UUCUCCGAACGUGUCACGUTT

Reverse: ACGUGACACGUUCGGAGAATT

producing pMIR-Report-Atg4b-WT (Atg4b-WT) or pMIR- Report-Atg4b-
Mut (Atg4b-Mut). Plasmids Atg4b-WT or Atg4b-Mut was cotransfected
with control, agomir or antagomir of miR-129-3p into 293 T cells with
Lipofectamine 2000 (Invitrogen). In addition, each group was trans-
fected with pRL-TK (purchased from Promege) at the same time as a
reference for evaluating transfection efficiency. The relative activity of
firefly luciferase at 48 h post-transfection was determined by the Dual-
Luciferase Reporter Assay System (Promega) following the manu-
facturer’s protocol.

3.6. Quantitative Real-Time PCR

The expression of miR-129-3p in RAW264.7 cells were detected
through qRT-PCR. Total RNA was obtained by using TRIzol reagent
(Sigma). For measuring, cDNA was synthesized by using RevertAid Fisrt
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Strand cDNA Synthesis kit (ThermoFisher Scientific) and qRT-PCR was
performed by using SYBR Select Master Mix (Applied Biosystems).
RNU6 (for miRNA detecting) or GAPDH (used in mRNA detecting) gene
was used for normalization. The primers used in qRT-PCR are shown in
Table 3.The PCR cycle were as follows: 950C for30s, 40 cycles of 95 oC
forl5s, followed by 60 oC for 30 s and 720C for 30 s. The quantity was
calculated by using a comparative Ct (/A /ACt) method.

3.7. Western-Blot

Proteins were loaded onto 12% SDS-PAGE gels and transferred to a
polyvinylidene difluoridemembrane (PVDF, Millipore, USA).
Membranes were incubated in 5% BSA which contains antibody of
Atg4b, LC3B, SQSTMT/P62, or GAPDH (purchased from Cell Signaling
Technology)for 12-16 h.After that, the membranes were washed by
TBST three times and then incubated with HRP-conjugated goat anti-
rabbit IgG secondary antibody for 1h. Ultimately, immunoreactive
band analysis was performed by using ECL reagent (Thermo Fisher
Scientific).

3.8. Confocal microscopy

The RAW264.7 cells were transfected with miR-129-3p mimic, an-
tagomir and control for 48 h. After that, cells were fixed with 4% para
formaldehyde and 0.2% Triton X-100. After blocked by 5% bovine
serum albumin, cells were incubated with Rabbit anti-L.C3 antibody and
then FITC-conjugated goat anti-rabbit IgG. The images of cells were
acquired by using Olympus DSU spinning disk confocal microscope
under 60 X objective lens.

3.9. Cell strain expressing mRFP-GFP-LC3 plasmid

The RAW264.7 cells were transduced with lentiviral system en-
coding mRFP-GFP-LC3 plasmid which constructed by us previously.
The positive cells were isolated by using FCM and preserved properly as
a strain. The cells were then transfected with miR-129-3p mimic or
antagomir, and the photograph of cells were captured by confocal mi-
croscope under 60 X objective lens.

3.10. Statistical analysis

All of the results are presented as mean = SD of independent ex-
periments. Statistical analyses were performed by using two-tailed
Student's t-test. ANOVA was recruited to analyze comparisons between
groups. Significant differences were assigned to p values < 0.05, <
0.01 and < 0.001, denoted by *, ** and ™", respectively.

4. Discussion

MTB is the causative pathogen of tuberculosis which is one of the
toughest infectious diseases. The conflicts between host immune system
and pathogenic infection are more like a war. Each side has regular
tactics of struggle against the enemy. Obviously, macrophages are the
first defensive line against MTB through initiating host inflammatory
response. Among these responses, autophagy undoubtedly plays vital
roles. However, MTB can fight back by evading host immune scanner
and attacks of macrophages. For instance, MTB prevents the fusion of
autophagosome and lysosome, which deceases the sensitivity of mac-
rophages responding to infection stimulation [27]. Furthermore, the
self-protecting strategy of MTB seems been developed as studies go
deeper. A new research revealed the MTB can inhibit fusion process as
well as reprogram host lipid metabolism, suggesting that MTB might
survive in autophagosome with lipid riche niche as a source of energy
[5]. In addition, an increasing number of miRNAs are proved to cor-
relate with autophagy as regulators in MTB infection. For instance,
miR-155 could manipulate by MTB to regulate Atg3 for its own survival
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[28]. Nonetheless, the molecular mechanism of autophagy in mediating
MTB clearance is still worthy to explore. In this study, a novel miR-129-
3p was found through bioinformatics methods and could inhibit au-
tophagy through interacting with Atg4b and promote BCG survival in
macrophages, which may offer a better understanding of MTB persis-
tent infection.

Speaking of finding new miRNAs we are interested in, bioinfor-
matics analysis cannot be ignorant. At the beginning of our research,
High-throughput sequencing was employed to identify differential ex-
pression of miRNAs in treatment of 3-MA or rapamycin groups. After
RNA-sequencing, as shown in Fig. 1A, differential expression of miRNAs
suggest that they may play important roles in autophagy regulation.
Notably, some of these miRNAs have been proved as the regulator of
autophagy. For example, hypoxia-induced autophagy is mediated by
miR-210 through HIF-1/BCL-2 pathway in human colon cancer cells
[29]. MiR-20a-5p could inhibit cell proliferation and induce apoptosis
by down-regulate Atg5 and thereby inhibit autophagy in SH-SY5Y cells
[30]. Furthermore, over expression of miR-129-5p results in the sup-
pression of Beclin-1 thus impair the protective effects of endothelial cell
autophagy [31]. MiR-181a reduces rapamycin- and starvation-induced
autophagy by interacting with the 3’UTR of Atg5 [3]. MiR-155 could
increase autophagic activity by targeting Rheb and favor elimination of
intracellular MTB [4]. Taken together, our methods to find novel
miRNAs that will be involved in autophagy supposed to be reliable.
After serial bioinformatics analysis and verifying, we found miR-129-3p
is down-expressed in 3-MA group while is up expressed in rapamycin
treatment group, which means it maybe have influence on autophagy.

Autophagy-related genes (ATG) are a number of genes that involved
in regulation of autophagy. Among these genes, Atg4b unquestionably
play vital role in this process. Reports indicate that Atg4b could mediate
lipidation or delipidation of LC3-II, as well as the crosstalk between
LC3-modification and Atgl2-conjugation [32]. More researchers
showed that the Atg4b-deficient mice displayed higher inflammatory
response, which means ATG4B protease and autophagy are crucial
protecting epithelial cells against apoptosis and in the regulation of
inflammatory and fibrotic response [33] and other researchers reported
that the down-regulation of ATG4B regulated by miR-34a/34c¢-5p could
suppress autophagy which was induced by rapamycin [34]. Our results
showed decreased expression of Atg4b in RAW264.7 cells by trans-
fecting with siRNA of Atg4b significantly decreased expression of both
LC3-I and LC3-II, resulting in LC3-II/I ratio change. This may because
proLC3 was cleavaged to expose GLY by hAtg4B, and then transformed
into LC3-I [32]. What‘s more, in our study, we found miR-129-3p had
potential ability to interact with 3’UTR of Atg4b using TargetScan.
Mimic of miR-129-3p negatively regulates luciferase activity in 293 T
cells containing Atg4b-WT vector while luciferase activity in 293 T cells
transfected with Atg4b-Mut vector has no change. Consistently, qRT-
PCR and western blotting assays showed that miR-129-3p significantly
suppressed Atg4b expression both in protein and mRNA level. Besides,
miR-129-3p mimic or antagomir can‘t enhance or rescue Atg4b ex-
pression in RAW264.7 cells transfected with siRNA of Atg4b. And those
demonstrate that miR-129-3p could directly target Atg4b, and then
impress the following processes including autophagy, wich is one of the
innate defenses against MTB infection [35]. Follow on upon study of the
association between miR-129-5p, Our study indicated that miR-129-3p
could suppress autophagy. It could decrease LC3-II/I ratio in ac-
cordance with elevating p62 expression in both non- or BCG-infected
RAW264.7 cells, and significantly reduce LC3 puncta in RAW264.7
cells. Since macrophages are habitats of MTB resident and autophagy
appeared as host defenses of infectious agents like MTB [36,37].We
further studied the impact of miR-129-3p on the BCG survival in
RAW264.7 cells,and the results showed transfected miR-129-3p over-
expression could promote the BCG survival in RAW264.7 while its
down expression restricted it.

Numerous studies dedicated on the research about the relationship
around miRNAs, autophagy and MTB infection. In this study, we found
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a novel miRNA, miR-129-3p, is benefit for the BCG's intracellular sur-
vival in RAW264.7 cells through targeting Atg4b and suppressing au-
tophagy. This study added proofs that miRNAs is important in the de-
velopment of autophagy and TB infection, and made miR-129-3p
,which is interacting with Atg4b, becoming a potential target for the
treatment of TB diseases.

5. Conclusion

Altogether, our data suggested that miR-129-3p was involved in
regulation of autophagy as an inhibitor and favored intracellular BCG
survival by suppressing Atg4b in RAW264.7 cells. This study provides a
systematic bioinformatics analysis process for locking the objective we
interested in along with a better understanding of MTB resistant and
persistent infection.
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