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Summary 
 
 Mycobacterium avium subspecies paratuberculosis (MAP), as an obligate intracellular bacterium, causes paratuberculosis 

(Johne’s disease) in ruminants. Plus, MAP has consistently been isolated from Crohn’s disease (CD) lesions in humans; a notion 

implying possible direct causative effect for MAP in CD development. Infections caused by MAP are refractory to treatment and in 

many cases the treatment does not easily resolve the infection. Studying the molecular mechanisms of host-pathogen interaction is 

helpful in identifying possible drug targets. In this line, it has already been shown that in macrophages infected with various bacteria, 

including mycobacteria, micro RNA 21 (miR-21) is upregulated, a change that results in diminished macrophages clearance ability 

and favours pathogens survival within the cells. However, the molecular mechanism(s) by which the intracellular bacteria induce 

miR-21 expression is not known. In order to verify possible effects from epigenetic changes induced by intracellular bacteria, we 

studied the cytosine methylation changes at the transcription start regions of miR-21 in THP-1 macrophages infected with MAP. For 

this purpose, genomic DNA was extracted from infected cells and the methylation status at the region of interest was evaluated by 

bisulfite conversion method. Our work showed that MAP directs de-methylation of the cystosines at CpG di-nucleotides in this 

region, while non-CpG cytosines of this region did not show significant changes. Interestingly, the CpG cytosines that were 

differentially methylated in the infected macrophages occur at the binding sites of the transcription factors already known to regulate 

miR-21 expression. 
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Introduction 
 

 Intracellular microorganisms, including the 

intracellular bacteria, use various strategies to avoid the 

host hostile reaction and survive inside the cells. 

Autophagy, as a sophisticated mechanism that is 

controlled by many genes and molecules, is one of the 

main processes by which the cells react against the 

invading intracellular pathogens (Wileman, 2013). 

 Micro RNAs (miRNA) are small non-coding RNAs 

that regulate gene expression, mostly post-

transcriptionally by inhibition of translation (Felekkis et 

al., 2010; Catalanotto et al., 2016). These small RNAs 

are involved in various biological processes and enable 

cells to optimize the expression of protein coding genes. 

Micro RNAs (miRNA) also target long non-coning 

RNAs (lncRNA) (Jeggari et al., 2012) and the important 

functions of lncRNAs in normal and pathological 

conditions are extensively emerging (Schmitz et al., 

2016). 

 Micro RNA 21 (miR-21) has been identified as one 

of the main and negative controllers of autophagy (Seca 

et al., 2013; Liu et al., 2015). It has been shown that 

miR-21 targets several key genes, such as PTEN (He et 

al., 2015; Peralta-Zaragoza et al., 2016), RAB11a (Liu et 

al., 2015), Bcl-2 (Wu et al., 2012; Wang et al., 2014; 

Sims et al., 2017), all involved in the progression of an 

autophagic reaction. In line with this, several research 

works have shown that upregulation of miR-21 in 

macrophage cells results in suppression of autophagy so 

that the process of clearing the invading agent fails 

(Wang et al., 2014). In fact, it is now experimentally 

proven that many bacteria, such as Mycobacteriums (Liu 

et al., 2012; Wu et al., 2012; Zheng et al., 2015; Das et 

al., 2016) Salmonella (Schulte et al., 2011) and 

Helicobacter (Zhang et al., 2008) use this specific 

strategy and somehow induce the miR-21 expression in 

the infected macrophages. 

 Gene expression, including miRNA expression, is 

controlled at various levels inside the eukaryote cells 

(Davis and Hata, 2009; Barrett et al., 2012; Bronevetsky 

and Ansel, 2013) and the epigenetic status of genome is 

an important determinate in this regard (Liu et al., 2013; 

Sandoval et al., 2015). Many intracellular pathogens, 

indeed, affect the normal epigenetic signature of their 

host to subvert the host killing power (Huang et al., 

2012; Marr et al., 2014; Pacis et al., 2015). DNA 

methylation is one of the epigenetic mechanisms by 

which cells specifically regulate the expressional 

behaviour of their genes (Moore et al., 2013). Until 
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recently, it was believed that only cytosine methylation 

at CpG islands located at the promoter regions of genes 

are important in gene expression regulation (Bird, 1980). 

However, there are now indications that cytosines at 

CpG downstream of transcription start sites (TSS) may 

be involved in transcription regulation as well (Krinner 

et al., 2014). Furthermore, Sharma et al. (2015) recently 

conducted a global methylation analysis on THP-1 

macrophages infected with Mycobacterium tuberculosis 

and showed that this bacterium regulates methylation of 

cytosines mostly at non-CpG sites that were preferably 

situated around transcription start sites and in gene 

bodies; therefore, evidence on the importance of non-

CpG methylation is emerging (Patil et al., 2014; Sharma 

et al., 2015). 

 Pathogenic mycobacteria, as the cause of several 

human and animal intractable diseases, are intracellularly 

residing bacteria (Cosma et al., 2003). These pathogens 

manage to induce significant debilitating changes in the 

autophagy processes; a strategy that enables them to 

survive and propagate for long periods inside the 

infected host macrophages (Kuehnel et al., 2001; 

Kathania et al., 2011; Hmama et al., 2015; Weiss and 

Schaible, 2015). Mycobacterium avium subspecies 

paratuberculosis (MAP) is an animal pathogen that 

causes substantial economic losses in livestock 

worldwide (Lombard., 2011). Though Mycobacterium 

avium subspecies paratuberculosis has not yet been 

identified as a direct human pathogen, but this bacterium 

has reproducibly been isolated from lesions and 

peripheral blood mononuclear cells in people affected 

with Crohn’s disease (CD) (Naser et al., 2014; McNees 

et al., 2015). Since this bacterium survive the usual 

pasteurization treatments applied to milk (Lund et al., 

2002; Paolicchi et al., 2012), scientists believe in a 

causal link between the milk from the infected animals 

and the development and/or progression of the CD 

(Pierce., 2010; Paolicchi et al., 2012; Naser et al., 2014; 

McNees et al., 2015). 

 Since mycobacterial infections are relatively 

refractory to treatment and considering the consistent 

emergence of antibiotic resistance, molecular delineation 

of pathobiology of the diseases caused by these bacteria 

would be helpful in defining new therapeutic targets. 

Considering the documented role of miR-21 in 

autophagy (Seca et al., 2013; He et al., 2015; Liu et al., 

2015; Song et al., 2016) and the notion that this miRNA 

is differentially regulated in many bacterial infections 

including in that of Mycobacterium (Liu et al., 2012; Wu 

et al., 2012; Vegh et al., 2015) we studied the cytosine 

methylation changes at the TSS area of miR-21 in THP-1 

macrophages infected with MAP. Our specific aim here 

was to verify whether MAP may be inducing epigenetic 

changes at miR-21 locus as a negative regulator of 

autophagy. 

 

Materials and Methods 
 

MAP culture 
 For this study, a MAP sample previously isolated at 

the Microbiology Department of the School of 

Veterinary Medicine, Shiraz University, Iran was used. 

Herrold’s egg yolk (HEY) solid media agar (Herrold, 

1931) supplemented with mycobactin J (MJ) (2 mg/L) 

was used to culture MAP cells. Four weeks after seeding, 

MAP cultures were verified by acid-fast staining using 

Ziehl-Neelsen method and polymerase chain reaction 

(PCR) using primers amplifying IS900 insertion element 

(Pillai and Jayarao, 2002; Bhide et al., 2006). For liquid 

cultures, a loop full sample from the bacteria grown on 

the solid medium was dissolved in 1 ml of Middle Brook 

7H9 and 250 µL of this preparation was used to seed 2.5 

ml Middle Brook 7H9 medium (Cat. No. M198, 

Himedia, India) supplemented with 2 mg/L of MJ and 

OADC [OADC fractions in final medium preparation: 

10% oleic acid, (Cas No. 112-80-1, Sigma, Germany); 

0.4% glycerol, (Cat. No. 1040921000, Merck, Germany); 

2.5 g/500 ml of albumin fraction V, (Cat. No. 12657, 

Merck, Germany); 1 g/500 ml of dextrose, (Cat. No. 50-

99-7, Sigma, Germany); 0.0015 g/500 ml of catalase, 

(Cas No. 9001-05-2, Sigma, Germany); 0.05% tween 80, 

(Cat. No. 1.46376.0006, Merck, Germany)]. The liquid 

cultures were grown in round bottom screw cap glass 

tubes in a microbiology shaker incubator at 37°C while 

being shaken at 7 rpm. The presence of MAP in fully 

grown liquid cultures was confirmed by acid fast staining 

and PCR as explained earlier. 

 

MAP growth pattern 
 For determining the growth pattern of the MAP used 

in this study, 10 liquid cultures were seeded as explained 

earlier, and at five time points, i.e. on days 5, 10, 15, 20 

and 25 of seeding two cultures were used to estimate the 

MAP cells number. For this purpose, at each time point 

the cultures were homogenized by vortexing for several 

minutes and the content of each tube was then 

centrifuged in two 1.5 ml Eppendorf microtubes at 8000 

× g for 10 min. The pellets were washed twice in PBS by 

vortexing and pelleting as explained earlier and after the 

final wash the pellets in each microtube were 

resuspended in 1.25 ml of PBS. The MAP cells were 

dispersed by sequentially passing the content of each 

mircotube through syringes gauge 24 (5 times), 26 (5 

times) and 30 (15 times). The final preparations were 

used to read the OD600 using an Eppendorf 

spectrophotometer (Biophotometer Uv/Vis, Eppendorf, 

USA). The MAP growth curve was prepared using the 

average ODs for each time point (Fig. 1). 

 

Preparing MAP for THP-1 infection 
 Five hundred µL of the homogenized (by votrexing) 

MAP liquid cultures at their late logarithmic phase was 

used to pellet MAP cells as described earlier under 

Growth Pattern section. The MAP cells were washed 

twice in plain RPMI1640 (Cat. No. L0500-500, Biowest, 

France) and resuspended in 1 ml of plain RPMI1640 by 

vortexing. The preparations were then sequentially 

passed through syringes gauge 24 (5 times), 26 (5 times) 

and 30 (15 times), and were left to sit at room 

temperature for 5 min. The top one third of the 
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preparations was then used to estimate the cell numbers 

using a spectrophotometer (OD600 of 0.6 is estimated to 

have 1 × 108 cells/ml (Kumar et al., 2010) and to infect 

the cells at the multiplicity of infection (MOI) of 10. 

 

 
 

Fig. 1: This figure depicts the growth pattern of the MAP that 

was used in this study 

 

Cell culture and infection 
 THP-1 cells were obtained from the National Cell 

Bank of Iran (NCBI), Pasteur Institute, Iran. The cells 

were maintained in their exponential growth phase and 

under five passages in complete RPMI1640 (Cat. No. 

L0500-500, Biowest, France). Complete RPMI1640 

contained: 10% fetal bovine serum (FBS) (Cat. No. 

10439-024, Gibco, Germany), 100 IU/ml penicillin (Cat. 

No. L0022-100, Biowest, France), 100 µg/ml 

streptomycin (Cat. No. L0022-100, Biowest, France), 2 

mm L-glutamine (Cat. No. X0550-100, Biowest, 

France), and 50 µM 2-mercaptoethanol (2-ME) (Cas. No. 

60-24-2, Sigma, USA). 

 For infecting the THP-1 cells, 35 mm culture dishes 

were used to differentiate 6 × 105 THP-1 cells at their 

exponential phase of growth using Phorbol 12-myristate 

13-acetate (PMA) (Cat. No. P 1585, Sigma) at a final 

concentration of 25 ng/ml. 48 h after PMA treatment the 

cells were gently washed with antibiotic free complete 

medium and 1 ml of antibiotic free complete medium 

was placed over the cells. Mycobacterium avium 

subspecies paratuberculosis cells were added to the cells 

at MOI of 10 and the dishes were then centrifuged at 100 

× g for 5 min before being incubated in a cell culture 

incubator at 37°C in the presence of 5% CO2. Four h 

after infection cells were gently washed twice with 

complete RPMI and incubated in RPMI containing 10 

μg/ml gentamicin (Sina Darou, Iran) for 2 h to remove 

any remaining extra-cellular bacteria. Subsequently, the 

media were replaced with complete RPMI and 72 h after 

infection cells were used for DNA extraction. 

Cell culture staining 
 Thirty-five mm dishes containing the infected THP-1 

cells were used to stain using Kinyoun modified Ziehl-

Neelsen method (Kinyoun, 1915). Briefly, the cell 

culture medium was removed and the cells were left in 

open air to dry. The cells were then covered with carbol 

fuchsin (Cat. No. 108512, Merck Millipore, Germany) 

for 5 min while being briefly touch-heated followed by 

decolourization in acid/alcohol (1 ml HCl in 99 ml 

ethanol) for 3 min. Finally, the cells were stained in 

methylene blue (Cat. No. 115943, Merck Millipore, 

Germany) preparation for 3 min. 

 
DNA extraction and bisulfite conversion 
 For DNA extraction from MAP cells, a boiling 

method was used. Briefly, 1 ml culture was centrifuged 

at 13000 rpm for 10 min in an Eppendorf microtube then 

the pellet was resuspended in 400 µL of 50 mM EDTA 

aqueous solution by vortexing. The preparation was left 

at room temperature for 30 min followed by 1 h of 

incubation at 37°C and then placed in boiling water for 8 

min. 5 µL from the top of the preparation was used for 

each PCR reaction of 20 µL final volume. 

 For DNA extraction from THP-1 cells, QIAamp 

DNA Mini Kit (Cat. No. 51304, Qiagen, Germany) was 

used and the DNA was extracted as per the 

manufacturer’s instruction. The extracted DNA was 

determined to be of good quality by measurements 

obtained using a NanoDrop 2000 instrument (Thermo 

Scientific, USA). For bisulfite conversion, the EpiTect 

Bisulfite kit (Cat. No. 59104, Qiagen, Germany) was 

used and the instructions given by the manufacturer were 

followed. For each conversion reaction 300 ng of DNA 

in 140 µL final reaction volume was used. 

 
Primers and PCR amplification of converted 

DNA 
 Primers used for amplification of IS900 insertion 

element of MAP are shown in (Table 1). The PCR 

condition for IS900 amplification was as follows: 94°C/5 

min, 30 × (94°C/1 min, 59°C/1 min, 72ºC/9 min). The 

MethPrimer (Li and Dahiya, 2002) tool was used to 

design primers for amplification of the converted DNA 

and after addition of M13 virus sequences to the 5´ ends 

of the forward and reverse primers (Table 1) the primers 

were ordered to be synthesized by Macrogen 

(http://www.macrogen.com, Korea). 1.5 µL of the 

converted DNA was used for PCR amplification at the 

following conditions: 95°C/10 min, 5 × (95°C/20 s,

 
Table 1: The sequences of the primers used for PCR. Bold sequences show the M13 sequences 

IS900 Primers 5´ to 3´ Sequences 

P90 GTTCGGGGCCGTCGCTTAGG 

P91 GAGGTCGATCGCCCACGTGA 

miR-21 promoter primers  

Forward _ large segment TGTAAAACGACGGCCAGTTATGTTTTATTGGGAAATTTGT 

Reverse _ large segment CAGGAAACAGCTATGACCCCAATATTAAAAACTATTTTTAAAACA 

Forward _ small segment TGTAAAACGACGGCCAGTTTTTTTAAATGTGTTTTTTTT 

Reverse _ small segment CAGGAAACAGCTATGACCAAATAAAAACTATAAATATAATTTCAACC 

 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2018, Vol. 19, No. 4, Ser. No. 65, Pages 262-269 

265 

52°C/2 min, 72°C/3 min), 40 × (95°C/20 s, 52°C/60 s, 

72°C/3 min), and 60°C/60 min. 

 

Cloning of the amplified converted DNA and 

sequencing 
 The PCR products were run on 1% agarose gel and 

the amplified product with the expected size was excised 

out. The DNA in the excised bands was purified using 

MinElute Gel Extraction kit (Cat. No. 28604, Qiagen, 

Germany) and used to clone into the T-Vector PMD20 

(Cat. No. 3270, Takara, Japan) according to the 

manufacturer’s instructions. 2 µL of the cloning reaction 

was used to transform 50 µL of DH5α competent cells 

by heat shock. After growing the transformed bacteria in 

1 ml S.O.C. broth (Hanahan., 1983) for 3 h at 37°C, the 

culture was used to seed selective Luria-Bertani (LB) 

agar plates containing 100 µg/ml of ampicillin (Jabber 

Ebne Hayyan, Iran), 100 µM of IPTG (Cat. No. 

PR911706, Sinaclon, Iran) and 40 µg/ml of X-Gal (Cat. 

No. PR911716, Sinaclon, Iran). Following 24 h 

incubation, the plates were inspected for the presence of 

white colonies and several white colonies were used to 

seed 5 ml selective LB broth containing 100 µg/ml 

ampicillin for plasmid DNA extraction. The following 

day the cultures were used to extract plasmid using EZ-

10 Spin Column PCR Products Purification kit (Cat. No. 

BS363, Bio Basic, Canada) and the extracted DNA were 

sent to Macrogen (Korea) for sequencing, after being 

qualitatively and quantitatively evaluated by Nanodrop. 

The M13 forward and reverse primers were used for 

sequencing. 

 The sequence data were qualitatively controlled and 

further checked for the status of cytosine conversion, 

manually for non-CpG sites or by using BISMA 

Analyzer (Rohde et al., 2010) for CpG sites. The 

methylated sites repeated in more than one clone (i.e. 

detected in two or more clones) were considered for the 

statistical analysis. 

 

Statistical analysis 
 The methylation experiment data were first evaluated 

using the Kolmogorov-Smirnov test (Wilcox, 2005) and 

since the distribution followed Poisson distribution, the 

Poisson regression (Zou, 2004) was used for the 

statistical analysis. 

 

Results 
 

MAP growth pattern 
 Ten MAP cultures in Middle brook 7H9 broth media 

were prepared as detailed in M&M section. On days 5, 

10, 15, 20, 25 of seeding two cultures were used to 

prepare samples for spectrophotometry as explained in 

M&M section, Fig. 1 depicts the growth kinetic of the 

MAP cells used in this work. 

 

MAP staining in cultured cells 
 We used a modified method of Ziehl-Neelsen 

staining (See M&M) to visualize MAP inside the THP-1 

macrophages in culture dishes. Figures 2A-B show MAP 

cells stained red within infected THP-1 macrophages. 

 

 
 

Fig. 2: Ziehl-Neelsen staining of THP-1 macrophages infected 

with MAP. (A) THP-1 cell infected with MAP (arrows), and 

(B) Control cell culture (magnification ×100) 

 

Cytosine composition of miR-21 TSS region 
 In a global differential methylation analysis on THP-

1 macrophages infected with M. tuberculosis, Sharma et 

al. (2015) report a consensus motif (GCCTCC) over-

represented in the regions hypo-methylated for non-CpG 

cytosines in the infected cells. Figure 3 depicts the miR-

21 TSS region, showing the area analysed for differential 

methylation in this work and the locations where three of 

Sharma et al.’s (2015) consensus motif occurs. 

Moreover, regarding the recent reports on the importance 

of CpG di-nucleotides downstream of TSS sites in gene 

expression regulation (Krinner et al., 2014), MethPrimer 

software (Li and Dahiya, 2002) was used to analyse the 

CpG composition of the sequence corresponding to the 

miR-21 TSS region (Team, 2002; Cai et al., 2004; Ribas 

and Lupold, 2010) as well. This latter analysis detected

 
 

Fig. 3: Genome browser overview of the miR-21 TSS region elements. This UCSC genome browser (Kent et al., 2002) view of the 

miR-21 TSS depicts the following genomic elements. 1: The genomic region evaluated for methylation status in this work, 2: the 

genomic segment in which the miR-21 TSS is located as reported by three independent research groups (Team, 2002; Cai et al., 

2004; Ribas and Lupold, 2010); 3, 4, and 5: the position of Sharma et al.’s (2015) motif indicated for preferential non-CpG de-

methylation upon M. tuberculosis infection 
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Fig. 4: CpG di-nucleotides composition of the miR-21 TSS region. MethPrimer software was used to evaluate the CpG composition 

of the region evaluated for differential methylation in this study. This analysis detected enrichment of CpG di-nucleotides (short 

perpendicular bars below the graph) in the region 

 
Table 2: List of the predicted binding sites for the transcription factors known to control miR-21 expression occurring at miR-21 

TSS. The genomic region corresponding to the large segment analysed for differential methylation in this work was used for the 

analysis using Promo software (Messeguer et al., 2002; Farré et al., 2003) 

Factor name Start position End position String RE equally RE query mir-21 up regulation 

NF-kappaB [T00590] 401 412 TGGGAAACTCGA 0.009 0.00704   (Yang et al., 2015) 

HIF-1 [T01609] 605 613 ACGTGCCAC 0.0201 0.01428   (Liu et al., 2014) 

HIF-1 [T01609] 600 608 CAGGCACGT 0.04019 0.0242   (Liu et al., 2014) 

p53 [T00671] 745 751 CGCGCCC 0.10718 0.03485   (Papagiannakopoulos et al., 2008) 

PPAR-alpha:RXR-alpha [T05221] 497 507 TTGCCCAAGTT 0.06782 0.05126   (Kida et al., 2011) 

E2F-1 [T01542] 693 700 TGATCCGC 0.14737 0.06899   (Bhat-Nakshatri et al., 2009) 

E2F-1 [T01542] 540 547 ACCTCCGC 0.20096 0.07366   (Bhat-Nakshatri et al., 2009) 

E2F-1 [T01542] 697 704 CCGCCCGC 0.20096 0.07989   (Bhat-Nakshatri et al., 2009) 

p53 [T00671] 696 702 TCCGCCC 0.21436 0.09784   (Papagiannakopoulos et al., 2008) 

p53 [T00671] 496 502 GTTGCCC 0.21436 0.10711   (Papagiannakopoulos et al., 2008) 

p53 [T00671] 803 809 GCTGCCC 0.21436 0.10711   (Papagiannakopoulos et al., 2008) 

E2F-1 [T01542] 740 747 GCCACCGC 0.32153 0.14301   (Bhat-Nakshatri et al., 2009) 

C/EBPbeta [T00581] 557 560 TCAA 6.85938 7.77501   (McClure et al., 2017) 

 

enrichment of CpG di-nucleotides in the region (Fig. 4). 

 

MAP induces de-methylation of the cytosine at 

CpG sites of miR-21 TSS region 
 Thirty-five mm cell culture dishes were seeded with 6 

× 105 THP-1 cells at their exponential phase of growth 

(see M&M for details). These cells were differentiated 

and infected with 6 × 106 of MAP cells per dish and 70 h 

after infection, the cells were used to extract the genomic 

DNA. The miR-21 TSS region was amplified using two 

primer sets resulting in two amplicons (short, 222 bps 

and long, 878 bps; see Supplementary Table 1 (ST1) for 

the sequence), that were used to verify the cytosine 

methylation status in control uninfected and MAP 

infected THP-1 macrophages as detailed in M&M 

section. Our work showed that in THP-1 macrophages, 

MAP induces significant (P=0.007) de-methylation of 

the CpG sites in the miR-21 TSS region corresponding to 

the longer amplicon. However, neither the shorter 

amplicon, for cytosines at the CpG sites, nor the whole 

region, for the cytosines at the non-CpG sites, showed 

any significant difference between the control and MAP 

infected cells. 

 

MAP induces cytosine de-methylation at the 

transcription factor binding sites (TFBS) 

controlling miR-21 expression 
 We used Promo (Messeguer et al., 2002) to detect 

possible TFBS at the miR-21 TSS region that showed 

significant differential cytosine methylation upon MAP 

infection (Supplementary Table 2 (ST2)). The predicted 

TFBS at this region were then filtered based on the 

presence of binding sites for known 83 core autophagy 

related transcription factors (Füllgrabe et al., 2016) 

(Supplementary Table 3 (ST3)). Interestingly, as shown 

in Table 2, this region contains predicted sites for 

transcription factors that are known to upregulate miR-21 

(Papagiannakopoulos et al., 2008; Bhat-Nakshatri et al., 

2009; Kida et al., 2011; Liu et al., 2014; Yang et al., 

2015; McClure et al., 2017). Of note, these sites, indeed, 

contained the cytosines differentially methylated in MAP 

infected THP-1 macrophages (Fig. 5). 

 

 
 

Fig. 5: Predicted binding sites for TFs known to be involved in 

miR-21 regulation are differentially methylated at the miR-21 

TSS region in MAP infected THP-1 macrophages. Squares 

show the position of the CpG di-nucleotides in the amplified 

sequences analysed for differential methylation. Solid squares 

show differentially methylated cytosines (bolded in the TF 

binding sequences indicated in the boxes) 
 

Discussion 
 

 Macrophages are immune cells specialized for 
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detection and killing of pathogens including the disease 

causing bacteria. Though these cells are mostly 

successful in clearing the invading pathogens, but many 

intracellular bacteria have developed strategies to 

manipulate the intracellular environment of macrophages 

in their favor (Weiss and Schaible, 2015; Mitchell et al., 

2016). It has been shown that intracellular bacteria 

counteract the hostile attitude of the macrophages, at 

least partly, by inducing epigenetic alterations in their 

host genome (Bierne et al., 2012; Yaseen et al., 2015). 

The new epigenetic state dictated by the intracellular 

bacteria makes the macrophages permissible to infection 

by changing the gene expression pattern in the infected 

cells (Bierne et al., 2012). 

 miR-21 targets and down-regulates several genes 

involved in autophagy and bacterial clearance, such as 

PTEN (He et al., 2015; Peralta-Zaragoza et al., 2016), 

BCL2 (Wu et al., 2012; Wang et al., 2014; Sims et al., 

2017), Rab11a (Liu et al., 2015). Interestingly, in vivo 

and in vitro studies have reproducibly indicated this 

miRNA as a target used by various bacterial pathogens 

(Zhang et al., 2008; Schulte et al., 2011), including 

Mycobacteria (Liu et al., 2012; Wu et al., 2012; Zheng 

et al., 2015; Das et al., 2016) for upregulation to 

suppress the host macrophage defense capability. miR-21 

is also reported to be upregulated in the blood from 

people infected with active tuberculosis (Wang et al., 

2011) and epigenetic changes at the miR-21 promoter 

region has also been identified in blood cells obtained 

from patient suffering from CD (Adams et al., 2014). It 

is interesting to note here that MAP has long been 

considered as a possible cause in the development and/or 

progress of CD (Naser et al., 2014). 

 The converging controlling effects of various bacteria 

from different classes on miR-21 locus and the 

importance of miR-21 in autophagy processes, suggest 

this gene as a common target for bacteria to manipulate 

host immune system. Therefore, delineation of the 

method(s) by which bacteria control the expression of 

this gene can be helpful in the process of establishing 

broad spectrum therapeutic approaches. Considering the 

similarities between MAP and some other members of 

Mycobaterium family such as M. bovis and M. 

tuberculosis, known to induce miR-21 expression (Vegh 

et al., 2015; Zheng et al., 2015), we decided to evaluate 

possible epigenetic effects by MAP infection on cytosine 

methylation status at the miR-21 locus. 

 Recently, in a global genome methylation analysis 

Sharma et al. (2015) showed that, in addition to changes 

at the CpG sites, M. tuberculosis alters cytosine 

methylation status at the non-CpG sites that were mostly 

located in gene bodies and close to the TSS (Team, 2002; 

Cai et al., 2004; Ribas and Lupold, 2010). Sharma et al. 

(2015) reported a consensus sequence (GCCTCC) to be 

over-represented in genomic regions containing the non-

CpG cytosines hypo-methylated in THP-1 macrophages 

infected with M. tuberculosis. We noticed that Sharma et 

al.’s (2015) motif happens three times at miR-21 TSS 

region (Fig. 3), that suggested for a possible regulatory 

domain based on Sharma’s findings. Therefore, we 

evaluated the methylation status of the cytosine at this 

region in THP-1 macrophages infected with MAP. Our 

analyses did not detect significant differential 

methylation of non-CPG cytosine in this region, 

however, a significant de-methylation (P=0.007) of 

cytosines at the CpG site downstream TSS was detected. 

This is an interesting finding, considering a recent work 

showing the importance of methylation of the cytosine at 

the CpG sites downstream TSS in gene regulation 

(Krinner et al., 2014). 

 Several transcription factors active in autophagy 

processes have predicted binding sites at the miR-21 TSS 

region (ST2). Interestingly, the CpG cytosines that 

showed significant (P=0.007) de-methylation in our 

work happen in the predicted binding sites for 

transcription factors known to be involved in miR-21 

upregulation (Fig. 5). Therefore, our work shows that 

MAP induces epigenetic changes at the genomic regions 

capable of controlling miR-21 expression. 
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