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Table 3.1. Bisulfite pyroassay results of BNIP3 & BNIP3L  

  Metyhlation (%) 

Gene Type Position No. 

1 2 3 4 5 6 7 8 9 10 11 12 

BNIP3 WT 5.84 4.92 3.19 1.96 3.92 2.45 3.67 2.65 6.94 3.57 9.32 2.53 

TIR 5.35 4.25 2.70 2.43 2.95 3.41 4.35 2.79 5.43 2.90 9.27 2.56 

BNIP3L WT 2.79 7.42 2.98 3.27 2.15 6.16 2.4 2.18 2.22 3.12 3.93 1.96 

TIR 2.97 7.67 3.27 2.93 2.04 6.37 1.98 2.32 2.03 3.31 4.26 1.67 

Positive 

Ctrl 

WT 3.11 8.13 3.07 3.73 1.53 4.33 2.58 2.20 1.99 3.49 4.52 1.54 

Meth* 98.4 100 91.2 99.4 86.5 100 89.3 84.6 85.2 100 97.5 NA 

*: Methylated positive control  

 

 

 

 



 

75 

 

3.3.3. HDAC8 is involved in the down-regulation of BNIP3 & BNIP3L in TIR cells.   

HDAC8 expression was increased in TIR cells (Fig 3.8) and knocking it down by 

siRNAs sensitized TIR cells to LeTx-induced pyroptosis (Fig 3.10). Therefore, I 

examined whether knocking down HDAC8 enhanced BNIP3 and BNIP3L expression in 

TIR cells.  As expected, TIR cells treated with HDAC8 targeting siRNAs induced a 14 

fold and 30-fold higher expression of BNIP3 and BNIP3L, respectively, than those of 

non-treated TIR cells (Fig 3.16). Collectively, together with the previous DNMT1 

knocking down (Fig 3.11), down-regulation of BNIP3 and BNIP3L in TIR cells was 

likely mediated through epigenetic mechanisms involved in both DNA methylation and 

histone deacetylation.  

3.3.4. Deacetylation at histone 3 lysine 27 (H3K27) is involved in down regulation of 

BNIP3 & BNIP3L expression.  

Since HDAC8 was shown to be involved in TIR and suppression of BNIP3 and BNIP3L, 

histone acetylation could have been involved in TIR maintenance. To find targets of 

HDAC8 responsible for BNIP3 and BNIP3L expression, acetylated histones binding to 

BNIP3 and BNIP3L encoding gene were searched through the genome-wide epigenetic 

marker database
107

 (ENCODE) and we found that histone H3 acetylated at lysine 27 

(H3K27Ac) was shown to be commonly involved in expression of both BNIP3 and 

BNIP3L
107

(Fig 3.17). Indeed, Western blot analysis using H3K27Ac-specific antibodies 

showed 5-fold higher levels of overall H3K27Ac immunoreactivity in wild type than TIR 

cell extracts (Fig 3.18). Also, treatments of panobinostat (100nM) showed a 9 fold 

increase and treatment of azacitidine (2.0M) showed a 12 fold increase in H3K27Ac 

levels compared to non-treated TIR (Fig 3.18). These results collectively suggest that TIR 

cells suppress BNIP3 and BNIP3L through deacetylating and methylatng H3K27, which 

at least in part renders resistance to LeTx-induced pyroptosis in TIR cells. In addition, 

ChIP (Chromatin Immunoprecipitation) assay showed that H3K27Ac was enriched in 

wild type whereas it is down regulated in TIR for BNIP3 expression, suggesting that 

H3K27Ac functions as an enhancer for the expression of BNIP3 (Fig 3.19A) through 

histone modification. However, enrichment of H3K27Ac in wild type did not show 

significant difference compared to TIR for BNIP3L expression (Fig 3.19B), suggesting 
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that other enhancers such as H3K9Ac or H3K36Ac or histone methylation of H3K4Me3 

are involved to regulate expression of BNIP3L.  
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Fig 3.16. Knocking down HDAC8 by siRNAs enhances BNIP3 & BNIP3L 

expression in TIR cells. 

 (A) Quantitative real time PCR analysis of siRNA knock down of HDAC8 in RAW 

264.7 cell. TIR cells were transfected with scrambled or HDAC8 targeting (si-HDAC8) 

siRNAs for 48 hours. Treated cells were processed for total RNA purification and cDNA 

preparation to analyze knock down efficiency by quantitative RT-PCR. Data were 

normalized by the GAPDH expression levels in each sample (B) TIR cells were 

transfected with scrambled siRNAs or HDAC8 targeting siRNAs (si-HDAC8) for 48hrs 

and expression of BNIP3 and BNIP3L were analyzed by real time quantitative PCR. Data 

are expressed as means and SD (n=3), * P≤ 0.05, **P≤0.01, and *** P≤0.005 (Student’s 

t-test).  
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Fig 3.17. Histone modification profiles of H3K27Ac which interact with BNIP3 and 

BNIP3L. Histone modification site search using ENCODE
107, 108

, the signal of H3K27Ac 

targeting (A) BNIP3 and  (B) BNIP3L where histone modification occur were identified 

in the promoter region (Arrow → indicates primer design site for ChIP assay). Snap shot 

of from UCSC genome browser was taken showing for GC %, CpG islands, Chip-Seq for 

histone modification for the bone marrow derived macrophage cell line (BMDM).  
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Fig 3.18. Histone modification site for down regulation of BNIP3 gene expression in 

TIR (A) Expression of H3K27Ac in wild type (RAW 264.7 macrophage) and TIR were 

analyzed using immunoblots. -actin was used as loading controls.  (B) TIR cells were 

pretreated with histone deacetylase inhibitor (100 nM Panobinostat: PN) or DNA 

methyltransferase (2.0 M Azacitidine: Aza) inhibitor and levels of H3K27 acetylation in 

wild type and TIR were analyzed using immunoblots. Immunoreactivity of H3K27Ac 

was analyzed using NIH image program. Data are representative of three independent 

experiments. Data are expressed as means and SD (n=3), * P≤ 0.05, **P≤0.01, and *** 

P≤0.005 (Student’s t-test).  
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Fig 3.19. H3K27Ac binding to the promoter regions of BNIP3 is suppressed in TIR. 

Promoter binding of the BNIP3 and BNIP3 to H3K27Ac was evaluated by Chromatin 

Immunoprecipitation (ChIP) analysis. Genomic DNAs from wild type (RAW 264.7 

macrophages) and TIR cells were prepared, sonicated, and, immunoprecipitated using 

antibodies against H3K27Ac, and control IgG. Immunoprecipitated  DNAs were 

analyzed by quantitative real-time PCR using primers for (A) BNIP3 and (B) BNIP3L. 

For ChIP efficiency, % of input DNA recovered by immunoprecipitation, was determined 

by quantitative real-time PCR. Rabbit IgG serum was used as a background control. 
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(B) BNIP3L promoter 
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CHAPTER 4 - DISCUSSION 

Epigenetic reprogramming is a cellular mechanism of gene regulation persisting 

throughout cell division. Here, I showed that toxin induced resistance (TIR) was an 

epigenetic adaptation of macrophages to LeTx-induced pyroptosis. Previously, several 

mechanisms of TIR were suggested. Salles et al. reported an adaptive ERK activation by 

a MEK-independent process or a general decrease in proteasome activity was known to 

be partially involved
69

. We previously have found that BNIP3 and BNIP3L were down 

regulated in TIR
50

, conferring resistance to pyroptosis. Further, TIR cells were resistant 

to NLRP-1 inflammasome induced mitochondrial dysfunction, including mitochondrial 

inner membrane hyperpolarization, generation of reactive oxygen species (ROS), and 

depletion of the anti-oxidants
55

. However, specific mechanism how BNIP3 and BNIP3L 

were down regulated in TIR cells is still elusive and the mechanism needs to be further 

explored. In this study, we reported that DNMT1 and HDAC8 were required for 

maintaining TIR and it suppresses BNIP3 and BNIP3L in TIR. Also, H3K27Ac was 

decreased in TIR cells and it subsequently suppresses BNIP3. A previous study showed 

that LeTx inhibits histone H3 phosphorylation on serine 10 (H3S10) and suppresses IL-8 

production
109

. It was speculated that the cleavage of MEKs by LeTx, resulting in their 

inactivation, is responsible for the lack of H3S10 phosphorylation, since the 

phosphorylation is mediated by the mitogen and stress-activated kinase (MSK) which is 

activated by p38 and ERKs. However, since TIR cells were normal in basal p38 and ERK 

activities (Fig 3.2), H3S10 phosphorylation is expected to be normal in TIR cells. This 

study detected a significant and rapid increase of global DNA methylations by LeTx 

treatments (Fig 3.4A), which was prevented by the DNMT inhibitor azacitidine and 

siRNAs targeting DNMT1 (Fig 3.4B &D). These results suggest that up-regulation of 

DNMT1 was responsible for at least in part of global DNA methylation induced by LeTx. 

Global DNA methylation was also detected in macrophages harboring non-functional 

NLRP1b (Fig 3.4D), suggesting that activation of NLRP1b was not involved in the 

changes. Other studies have also shown that LeTx inhibits phosphatidylinositol 3-kinase 

(PI3K) and protein kinase B (Akt) signaling cascades
110

. As mentioned earlier, high 

global DNA methylation by LeTx was not maintained in TIR cells (Fig 3.4C) and thus 

global DNA methylation  per se was not likely involved in TIR. Interestingly, TIR cells 
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expressed a higher level of DNMT1 than those of wild type and the extent of LeTx-

induced pyroptosis was negatively correlated with the levels of DNMT1 expression (Fig 

3.6). These results suggest that DNA methylation at specific genome sites through 

DNMT1 was required for TIR maintenance; however, the identities of the genes are 

unknown. 

Since DNMT1 was required for TIR, I further examined whether BNIP3/BNIP3L 

expression in TIR cells could be restored by the DNMT chemical inhibitor azacitidine 

and siRNAs targeting DNMT1. Indeed, suppression of BNIP3 and BNIL3L expression in 

TIR cells required at least in part DNMT1-mediated DNA methylation (Fig 3.3 & 3.7). 

However, DNA methylations in the promoter regions encoding BNIP3 and BNIP3L were 

not different between wild type and TIR cells (Fig 3.14). Considering the limits of this 

study in the number of bisulfite sequence analysis performed using the conventional 

cloning method (Fig 3.14B) and partial sequence by the pyroassay (Fig 3.15). In addition, 

suppression of BNIP3/BNIP3L by DNMT1 could have been mediated through 

suppression of other genes that positively regulate BNIP3/BNIP3L expression.  

In addition to DNMT1, experiments with chemical inhibitors for enzymes involved in 

epigenetic reprogramming indicated that HDACs were required for maintaining TIR (Fig. 

3.3). Also the broad spectrum HDAC inhibitor panobionostat, but not HDAC1,2 and 3-

specific mocentinostat, rendered TIR cells sensitive to LeTx-induced pyroptosis (Fig.3.3), 

indicating that HDACs other than HDAC1,2, and 3 were required for TIR, Furthermore, 

qPCR analysis showed that HDAC8 and HDAC9, but not HDAC1, 2 and 5, were up-

regulated in TIR cells. TIR cells became sensitized to LeTx-induced pyroptosis when 

HDAC8 was specifically knocked down by siRNAs. Collectively, these results suggested 

that HDAC8 was involved in the resistance mechanism of TIR cells. HDAC8 is a 

member of the class I histone deacetylase family. It forms transcriptional repressor 

complexes by associating with many different proteins (including pRb-E2F and mSin3A), 

and plays an important role in transcriptional regulation, cell cycle progression, and 

developmental events. HDAC8 also may play a role in smooth muscle cell contractility
111

. 

Gao et al. reported that knockdown of HDAC8 resulted in the increased expression of 

JAK2/STAT signaling leading to cytokine signaling in K562 and HEL cells
112

.  
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Histone modification by HDAC and histone methylases can suppress BNIP3/BNIP3L 

expression. Given that DNA methylations in the promoter regions of BNIP3 and BNIP3L 

were not involved, histone acetylation levels could have contributed to their gene 

expressions in TIR cells. Several studies have elucidated that BNIP3 expression is 

regulated by epigenetic mechanisms such as DNA methylation and histone deacetylation 

and how transcription factor, Hypoxia Inducible Factor (HIF-1) influences expression of 

BNIP3 under hypoxic conditions
68, 92, 113-115

. For example, Murai et al. showed that 

BNIP3 expression was suppressed in hematopoietic tumors and it could be restored by 

the treatments of methyltransferase inhibitor, azacitidine
68

, leading to hypoxia-mediated 

cell death. When they measured the acetylation of histone H3 in the 5’ region of the gene 

using ChIP assays, gene expression was correlated with acetylation and inversely 

correlated with DNA methylation, suggesting that DNA methylation in the 5’ CpG 

islands and histone H3 deacetylation responsible for silencing BNIP3 expression
68

. 

Previously, several studies demonstrated that DNMT1 and HDACs co-operatively work 

and induce gene silencing
94

. For example, Jones et al. suggested that methylated DNA 

assembled into chromatin and it binds to the transcription repressor MeCP2 as a 

methylation-specific transcriptional repressor, which recruits Sin3 histone deacetylase 

complex
94

.   

By using HDAC inhibitors in vitro system, several effects on the expression of many 

genes have been shown, resulting in cell differentiation, inhibition of proliferation and 

induction of apoptosis
92, 112, 115

. Underlying mechanism of HDAC inhibitors affecting on 

gene expression is described as acetylation, resulting in increased recruitment of 

transcription factors, which result is increased in expression of particular genes. However, 

HDACs can render gene suppression through targeting non-histones. For example, Zhou 

et al. showed that inhibition of HDAC1 increased ubiquitin-dependent proteasomal 

degradation of DNMT1, suggesting that HDACs is directly involved in regulation of 

DNMT1 stability
116

. Further Du et al. suggested that DNMT1 was destabilized by 

acetylation driven ubiquitination, through targeting DNMT1 for proteasomal degradation. 

On the other hand, HDAC1 and deubiquitinases such as HAUSP (Herpes virus associated 

ubiquitin specific protease) stabilized DNMT1
117

.   
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Since HDAC8 was shown to be required for TIR, I further examined how histone 

deacetylation could influence BNIP3 and BNIP3L expression. Based on the ENCODE 

genome-wide epigenetic reprograming data base search
107

, H3K27Ac was identified as a 

common enhancer for both BNIP3 and BNIP3L expression (Fig 3.17). Through Western 

blots and chromatin immunoprecipitation assay (ChIP), I examined whether H3K27Ac 

was decreased in TIR cells. As expected, the levels of H3K27Ac were substantially 

diminished in TIR cells, and TIR cells exposed to the HDAC inhibitor panobinostat or 

DNMT inhibitor azacitidine restored H3K27Ac levels (Fig 3.18). ChIP assays using 

H3K27Ac specific antibodies showed that H3K27Ac strongly interacted with the 

promoter regions of BNIP3 but not BNIP3L in wild-type cells, which was significantly 

diminished in TIR cells (Fig 3.19A). These results suggest that H3K27Ac is possibly 

deacetylated by HDAC8, and resulted in the suppression of BNIP3 expression in TIR 

cells. Unlike BNIP3, occupancy of H3K27Ac of the BNIP3L promoter was about 10 fold 

less in both wild type and TIR than those of BNIP3 (Fig 3.19B), suggesting that 

H3K27Ac did not sufficiently present in the promoter region of BNIP3L (Fig 3.19B). I 

speculate that histone acetylation of H3K27 in BNIP3L promoter region less frequently 

occurs and histone deacetylase will not be recruited to down regulate expression of 

BNIP3L. Though, H3K27Ac minimally contributed expression of BNIP3L, other histone 

modifications such as histone methylation and acetylation of other regions such as 

H3K9Ac or H3K36Ac may be involved. The ENCODE genome-wide epigenetic 

reprograming data base search also identified H3K9Ac and H3K36Ac as histone 

modification marker for BNIP3 and BNIP3L gene expression in leukemia cell line, 

respectively
107

. It has been previously reported that acetylation of H3K36 and H3K9 

leads to activation of gene transcription as enhancer
118, 119

. It also has been shown that 

histone methylation enhances gene transcription; it is possible that mono methylation of 

H3K4 and H3K9, and tri methylation of H3K4 in BNIP3L activate gene transcription
120

.  

Examining the role of these acetylation sites of H3 in BNIP3 and BNIP3L expression will 

need to be further explored and it will provide insights into the mechanism of HDAC8 in 

TIR.  

In summary, TIR cells induced high levels of DNMT1 and HDAC8 expression, which 

was responsible for maintaining TIR and suppressing expression of the cell death genes 



 

92 

 

BNIP3 and BNIP3L (Fig 4.1), conferring resistance in TIR cells. Although the 

mechanism of DNMT1 in TIR was undetermined, HDAC8 could have suppressed the 

expression of BNIP3 through deacetylating histones such as H3K27Ac. This study for the 

first time elucidates epigenetic mechanisms of TIR cells in macrophage.  
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Fig 4.1. BNIP3 and BNIP3L are down regulated through epigenetic mechanism 

mediated via DNMT1 and HDAC8. LeTx induces methylation in RAW 264. 7 

macrophage cells and TIR and BNIP3 and BNIP3L partially methylated in TIR.  LeTx 

subsequently recruits HDAC8, leading to down regulation of BNIP3 and BNIP3L. (Blue 

indicates unmethylated DNA and red indicates methylated DNA.) 
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4.1. Further study 

This study provided valuable information on the role of epigenetic reprograming in TIR. 

However, multiple limitations were also identified in this study. To further elucidate the 

mechanisms of TIR, the following experiments are suggested:  

4.1.1. Validation of methylation status of BNIP3 and BNIP3L by genome sequencing  

Methylation of BNIP3 and BNIP3L should be confirmed through complete genome 

sequencing to overcome limitation of bisulfite sequencing. In the present study, BNIP3 

and BNIP3L were not methylated (Fig 3.14B & 3.15). However, use of bisulfite 

sequencing also has some limitation and it is not sufficient to completely cover CpG 

island, which is longer than 400bp
121

. Because DNA fragmentation can occur during the 

bisulfite treatment, amplicon size for both bisulfite genomic sequencing and pyroassay is 

limited up to ~400 and 500bp. In addition, the high redundancy of the target sequence 

due to the original GC richness creates long stretches of thymines, which are often 

difficult to read for the polymerases. This problem can be overcome by complete genome 

sequencing through next generation sequencing (NGS) and it may provide conclusive 

answers for the questions. Using the Illumina sequencing, I foresee that results in this 

study will be precisely confirmed.  

4.1.2. Indirect suppression of BNIP3 and BNIP3L by PI3K/Akt  

In the present study, the sequence of unmethylated BNIP3 and BNIP3L showed that 

direct DNA methylation did not occur (Fig 3.14 & 3.15). As previously mentioned, this 

methylation should be validated. However, if the validation result does not show that 

CpG islands of BNIP3 and BNIP3 are not methylated, it is possible to approach this 

matter with indirect down regulation of BNIP3 by activation of PI3K/Akt pathway. It was 

reported that NF-B activation located downstream signaling pathway of PI3K/Akt is 

crucial for the silencing of BNIP3 through E2F1-dependent gene transcription
114

. Also, 

we previously reported that activation of PI3K/Akt leads to cell cycle recovery from cell 

cycle arrest induced by LeTx in human acute monocytic leukemia cell line, THP-1 cell
122

. 

The linkage between cell cycle recovery via PI3K/Akt activation and toxin induced 

resistance mechanism by down regulation of BNIP3 & BNIP3L should be examined. It 
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will provide insight how Akt activation by LeTx leads to activation of NF-B, resulting 

in suppression of BNIP3 and BNIP3 in TIR.  

4.1.3. Mechanism of recruitment between methylated BNIP3/BNIP3L by DNMT1 & 

HDAC8 

Mechanism showing how DNMT1 and HDAC8 cooperatively act together for 

suppression of BNIP3 and BNIP3L should be examined in depth. We have found that 

DNMT1 and HDAC8 are involved in down regulation of BNIP3 and BNIP3L (Fig 3.13, 

3.16 & 3.18). We should decipher the underlying mechanism how DNMT1 cooperatively 

interacts with HDAC8 for the repression of transcription, leading to silence of BNIP3 and 

BNIP3L. It has been reported that methylated DNA in chromatin binds to the 

transcription repressor proteins, MeCP2 and MBD2, which in turn recruit histone 

deacetylase, and forms histone deacetylase complex, leading to repression of genes
94, 95

. 

For this goal, I suggest that increased expression of MBD and MeCP2 in TIR should be 

examined using quantitative real time PCR. Also, immunoprecipitation will allow us to 

examine if methylation of BNIP3 and BNIP3L or other possible cell death genes by 

DNMT1 in TIR will bind to MeCP2 and MBD2 and subsequently recruits histone 

deacetylase complex. At the same time, it should be examined that if HDAC8 are 

recruited to this histone deacetylase complex.     

4.1.4.   Roles of HDAC8 and HAT for BNIP3/ BNIP3L expressions in histone 

modification 

For histone modification, the present study showed that H3K27Ac as an enhancer was 

down regulated in TIR, leading to down regulation of BNIP3 based on Western Blot & 

ChIP assay (Fig 3.18 & 3.19). However, the specific link between HDAC8 and 

H3K27Ac for histone modification was not yet specifically addressed in this study. 

Though it was shown that broad spectrum HDAC inhibitor, panobinostat restored 

expression of H3K27Ac (Fig 3.18), we should also conduct further experiment to 

determine if specific knock down of HDAC8 will lead to expression of H3K27Ac. In 

addition, since BNIP3L expression was not affected by H3K27Ac, we should further 

examine that BNIP3L expression was affected by other histone modification enhancers 

such as H3K79Ac and H3K36Ac or histone methylation of H3K4me. 
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We also found that other histone deacetylase 9 (HDAC9) showed a 2.5 fold increase in 

TIR (Fig 3.8). In this study, we examined only HDAC8, which showed highest 

expression. However, we should examine if expressions of HDAC9 is correlated with 

resistance of TIR. If so, we should further examine if HDAC9 down regulates BNIP3 and 

BNIP3L. 

In terms of histone acetyl transferase (HAT), it is elusive if TIR cells will gain sensitivity 

through HAT, leading to up-regulation of BNIP3 and BNIP3L. Therefore, we should 

examine if acetylation of H3K27 by CBP (CREB binding protein)/ P300 protein which 

has intrinsic histone acetyltransferase activity, will subsequently lead to increased 

expression of BNIP3 and BNIP3L in TIR (Fig 4.1).  

4.1.5.   Effect of histone methylation on BNIP3/BNIP3L expression   

Histone methylation is the modification of certain amino acids such as Lysine or 

Arginine in a histone protein by addition of one, two, or three methyl groups
123

. Histone 

methylation induces either transcriptional repression or activation. It was shown that 

trimethylation of lysines (K) positioned on 4, 36, or 79 on H3 (H3K4me3, H3K36me3, 

and H3K79me3, respectively), monomethylation of H4K20 and H2K5 (H4K20me and 

H2BK5me) result in gene activation, whereas di- or trimethylation of H3K9 (H3K9me2 

and H3K9me3) and H3K27 (H3K27me3) lead to gene repression
82, 85

. Trimethylation of 

H3K4 (H3K4me3) was identified in BNIP3L through ENCODE site and it may lead to 

activation of BNIP3L; Activation of H3K4me3 may lead to restoration of down regulated 

BNIP3L by HDAC8. Further ChIP assay and Western blot will allow us to examine if 

expression of BNIP3 and BNIP3L are affected by histone methylation.  

4.2. Therapeutic potential 

For the treatment of Anthrax, current therapy is limited to antibiotics such as 

ciprofloxacin or doxycycline. In addition, the antibiotic treatment cannot be effective in 

the case of inhalation infection; it can be 45% lethal even with treatment of antibiotics. 

Though anthrax vaccine is available in the U.S military against bioterrorism, the vaccine 

use for public is limited. Because it should be administered four times per year 

accompanying with an annual booster, this can be a complicated procedure for patients 
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and because of that, it can cause delay in the immunization schedule. At this moment, it 

is not clear whether inducing TIR in macrophages or other cells is beneficial for the host 

in anthrax. NLRP1b was shown to be required for early detection B. anthracis and 

preventing anthrax in a mouse B. anthracis spore infection model
40

. The beneficial effect 

of NLRP1b is likely due to early release of IL-1 and IL-18, which induces early 

inflammatory responses during infection. However, in situations when antibiotics are 

already in place, overt inflammation may not be beneficial for the host and thus 

preventing NLRP1b activation could be beneficial. In addition, LeTx can be detrimental 

to host considering that LeTx enhances dissemination of bacteria beyond the draining 

lymphoid tissue, which could be mediated through pyroptosis. It was also shown that 

LeTx-induced cytotoxicity in mice and rats is detrimental for the hosts
33, 124

. Therefore, 

tailed therapies, preventing pyroptosis without affecting the IL-1 and IL-18, could be an 

ideal approach for treating anthrax. Further studies elucidating the mechanism specific 

for pyroptosis will provide new opportunities for developing novel interventions for 

anthrax.  
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