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Abstract

The trillions of beneficial commensal microorganisms that normally reside in the gastrointestinal 

tract have emerged as a critical source of environmentally-derived stimuli that can impact health 

and disease. However, the underlying cellular and molecular mechanisms that recognize 

commensal bacteria-derived signals and regulate mammalian homeostasis are just beginning to be 

defined. Highly coordinated epigenomic modifications allow mammals to alter the transcriptional 

program of a cell in response to environmental cues. These modifications may play a key role in 

regulating the dynamic relationship between mammals and their microbiota. Here we review 

recent advances in understanding of the interplay between the microbiota and mammalian 

epigenomic pathways, and highlight emerging findings that implicate a central role for histone 

deacetylases (HDACs) in orchestrating host-microbiota interactions.

The microbiota in human health and disease

It is now clear that multiple human diseases, including asthma, allergy, diabetes, obesity, 

autism, cancer and inflammatory bowel disease (IBD) develop as a result of complex 

mammalian gene-environment interactions [1–6]. In addition to diet and drugs, there is 

increasing evidence that signals derived from the microbiota that normally colonize the 

mammalian body can act as environmental triggers that influence the balance between 

health and disease [5–9]. Extensive studies spanning the last several years have 

demonstrated that the mammalian host has formed a symbiotic relationship with these 

commensal bacteria. The majority of the commensal bacteria reside within the intestine 

where they directly interact with a single layer of intestinal epithelial cells (IECs) and 

influence underlying immune cell populations.

As reviewed extensively recently elsewhere, the intestinal microbiota play a critical role in 

regulating the immune system [10–13] (Maloy et al, this issue) and nutrient metabolism 
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[14–16]. In addition, a wide range of chronic immune-mediated diseases, such as IBD, 

diabetes and allergy, have been associated with dysregulation of the host-microbiota 

relationship and alterations in the diversity of intestinal commensal bacteria [5, 9, 17, 18]. 

While it is evident that regulation of the host-commensal relationship is essential to 

mammalian health, the host mechanisms involved in integrating signals derived from 

commensal bacteria are just beginning to be elucidated. Understanding the cellular and 

molecular pathways that regulate host-commensal interactions could aid in the development 

of novel therapeutics to prevent or limit several human diseases associated with changes in 

the microbiota. Here, we review recent findings that implicate a central role for epigenomic 

mechanisms in orchestrating the host-microbiota relationship.

Environmental sensing through epigenomics

Eukaryotic cells package their DNA around histone proteins to form a higher order structure 

termed chromatin. The repetitive element within chromatin, called the nucleosome, is 

composed of DNA tightly wound around a histone octamer and histone H1 functions as a 

linker between nucleosomes that permits further condensation of the chromatin structure 

[19]. The condensed chromatin structure is considered to be generally repressive of gene 

expression, as this condensed state physically limits access of transcriptional machinery to 

the genome [20]. Epigenetics involves the study of the molecular processes that permit 

changes in gene expression without a change in the genetic code and encompasses ATP-

dependent chromatin remodeling, regulation by non-coding RNAs, and covalent 

nucleosomal modifications (Glossary) [21].

Covalent nucleosomal modifications as well as ATP-dependent remodeling enzymes enable 

chromatin flexibility in response to specific cellular signals. Thus, the chromatin structure 

can undergo local condensation or relaxation to regulate various processes such as DNA 

replication, repair, or transcription [21]. The most well characterized covalent epigenetic 

modifications are DNA methylation and histone modifications, each of which can influence 

gene expression without altering the associated DNA sequence. Histone N-terminus tails 

extend from the nucleosomal core and provide a template for various covalent modifications 

such as acetylation, phosphorylation, methylation, SUMOylation, and ubiquitination. These 

modifications establish a “histone code” which directs specific recruitment of transcriptional 

machinery and cofactors, resulting in differential effects on gene expression [22, 23].

While covalent DNA and histone modifications are most commonly discussed as epigenetic 

phenomena, the term epigenetics often suggests heritability, although multigenerational 

analyses are often not performed. More recently, a broader concept of the epigenome has 

been adopted to refer to the combination of histone and DNA modifications and associated 

proteins that package the genome and guide transcription [21]. Epigenomic mechanisms 

alter the transcriptional response to environmental cues and thus represent a critical 

mechanism that can link host genetic predisposition and environmental triggers in the 

pathogenesis of disease. Therefore, this phenomena has been implicated in the development 

of most chronic conditions with complex multifactorial etiologies, including cancer, 

diabetes, allergy, atherosclerosis, and IBD [1, 24–26]. Epigenomic modifications are 

maintained by the balanced activity of various epigenomic-modifying enzymes, such as 
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DNA methyltransferases (DNMTs), histone acetyltransferases (HATs)/histone deacetylases 

(HDACs), and histone methyltransferases (HMTs)/histone demethylases (HDMs), that 

provide a potentially significant interface by which environmental signals can dynamically 

interact with the genome.

Regulation of epigenomic modifications and enzymes by the microbiota

A complex relationship exists between the intestinal microbiota, the intestinal epithelium 

and the immune system [27, 28], and dynamic transcriptional regulation is essential in 

regulating host-commensal bacteria interactions. IECs function as a fundamental cell lineage 

that resides at the interface between the mammalian host and commensal bacteria. These 

cells form a physical barrier, sense bacterial-derived signals, and secrete antimicrobial 

peptides and cytokines/chemokines that, in turn, regulate the microbiota and immune cell 

homeostasis [29, 30]. Further, epithelial permeability, proliferation, and expression of 

antimicrobial proteins are regulated by cytokines produced by immune cells [31]. The 

microbiota, itself, can influence immune cell homeostasis and is critical in the development/

maturation of both the innate and adaptive system [32, 33]. In turn, the innate and adaptive 

immune systems are key components that shape diversity and localization of the microbiota 

[34].

While there is growing appreciation that bacterial pathogens may modulate host 

epigenomics [35], studies comparing conventionally-housed and germ-free mice have just 

begun to uncover potential links between the presence of commensal bacteria and host 

epigenomic pathways. IECs directly interact with the microbiota and function as essential 

non-hematopoietic cellular mediators of innate immune responses in the intestine. Pattern-

recognition receptors (PRRs) in IECs, including Toll-like receptors (TLRs), recognize and 

integrate signals from microbial-associated motifs to direct intestinal barrier function and 

immunoregulatory responses [29, 30, 36]. Examination of epigenomic modifications in IECs 

revealed that DNA methylation, a generally repressive modification, was lower in the TLR4 

gene from large intestinal IECs of germ-free mice compared to IECs from conventionally 

housed mice, supporting the hypothesis that commensal bacteria may induce tolerance in 

IECs by repressing TLR4 gene expression through DNA methylation [37].

Similar to other tissues and cells, the epigenome clearly mediates immune cell development 

[26–29]. Recently, direct links between the presence of commensal bacteria and 

methylation-dependent pathways have been implicated in regulation of immune cells. Germ-

free mice were found to exhibit accumulations of invariant natural killer T (iNKT) cells in 

the colon and lung compared to conventional controls, resulting in increased susceptibility to 

mucosal pathology [38]. Remarkably, colonization of neonatal germ-free mice, but not adult 

germ-free mice, with a conventional microbiota decreased methylation levels of the Cxcl16 

gene, which corresponded with decreased Cxcl16 expression, decreased mucosal iNKT 

accumulation, and protection from mucosal pathology in murine models of IBD and allergic 

asthma, thus suggesting that neonatal contact with commensal bacteria may establish 

protection from immune-mediated diseases via DNA methylation[38]. Evaluation of the 

DNA-methylation adaptor protein, Uhrf1, in regulatory T cells (Tregs) later demonstrated 

that this factor is upregulated in response to the intestinal microbiota and that Uhrf1 
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expression is required for DNA methylation of specific genes and proper colonic Treg 

proliferation and function [39]. Evaluation of the effects of commensal bacteria-derived 

metabolites on Treg homeostasis is discussed further below.

Comparison of mononuclear phagocytes from conventionally-housed mice and germ-free 

mice demonstrated that the presence of commensal-bacterial derived signals corresponded 

with a relative increase in histone H3 trimethylation, a mark of transcriptionally active 

genes, at or around the transcriptional start sites of multiple inflammatory genes including 

Ifnb1 and Il-6. This elevation in histone H3 methylation was suggested as a potential 

mechanism underlying how commensal bacterial-dependent induction of permissive 

chromatin modifications may enable basal inflammatory gene expression needed for 

effective priming of cytotoxic lymphocytes such as NK cells and, subsequently, improved 

immunity to intracellular pathogens [40].

In addition to DNA and histone methylation, an emerging body of work over the last year 

has brought regulation of histone acetylation by HDACs to the forefront as a critical factor 

in epigenomic regulation that mediates the interplay between mammalian host cells and the 

intestinal microbiota. Acetylation of histone tails by HATs is believed to disrupt the DNA-

histone interaction, causing local relaxation of the chromatin and permitting access for 

transcription machinery [41]. Furthermore, histone acetylated-lysines are the preferred 

substrate for bromodomain containing proteins that include several coactivators with HAT 

activity, which propagate increased acetylation and transcriptional activation [42–44]. 

Conversely, removal of the acetyl groups by HDACs generally promotes tighter DNA-

histone associations and represses transcriptional activity.

HDACs and the intestinal epithelium

There are 18 known HDACs that are classified into four groups based on their homology to 

yeast HDACs and subcellular location[45]. The class I, II, and IV HDACs require zinc for 

their enzymatic deacetylase activities, whereas class III HDACs (sirtuins) depend on 

nicotine adenine dinucleotide as a cofactor [46] (Figure 1). As their name indicates, these 

enzymes regulate transcription through histone deacetylation, but HDACs may also 

deacetylate non-histone targets and possess enzyme-independent effects [47–49]. HDACs 

are often found in large complexes that are recruited to the chromatin through interactions 

with transcription factors. Further, their activity and recruitment to the genome can be 

altered by endogenous hormones and metabolites, dietary compounds and bacterial-derived 

products, such as lipopolysaccharide (LPS) [45, 50–54]. In vivo studies suggest that the 

specificity of HDACs in regulating distinct gene programs differs with cell identity, 

available associating proteins, and the cell signaling environment [45].

Expression of the class I HDACs, HDAC1, HDAC2, and HDAC3, was originally 

characterized in IECs in relation to their role in intestinal development and cancer [55, 56]. 

Recent work has found that HDAC expression in IECs mediates commensal bacteria-

dependent regulation of intestinal homeostasis [57] (Figure 2). Specifically, loss of IEC-

intrinsic HDAC3 expression led to alterations in histone acetylation, decreased anti-

microbial gene expression, impaired survival of the Paneth cell IEC lineage, and decreased 
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intestinal barrier function. However, generation of germ-free HDAC3-deficient mice 

revealed that elimination of the microbiota restored Paneth cell homeostasis and intestinal 

barrier function in HDAC3 knockout mice to levels observed in wildtype germ-free mice, 

suggesting that HDAC3 integrates signals from the microbiota to regulate the intestinal 

barrier when commensal bacteria are in the environment. Further, HDAC3 expression levels 

in the colon have been shown to be induced in the presence of commensal bacteria, and 

HDAC3 and histone deacetylation have been implicated in IL-10 mediated inhibition of 

IL-12 p40 expression in colonic macrophages [58]. The underlying microbiota-dependent 

mechanisms that orchestrate HDAC3-directed histone or non-histone deacetylation remain 

to be defined.

Expression of other class I HDACs, such as HDAC1/2, have also recently been found to be 

essential in regulation of IEC homeostasis and epithelial barrier function [59]. However, in 

contrast to IEC-specific HDAC3 or double HDAC1/2 knockout mice, IEC-specific deletion 

of HDAC2 alone protected mice from experimental colitis [60], suggesting differential roles 

for specific HDACs and sensitivity to alterations in levels of HDAC activity in IECs. 

Whether expression of HDAC1/2 or other classes of HDACs mediate commensal bacteria-

dependent regulation of IEC-intrinsic gene expression and intestinal homeostasis remains to 

be determined.

Commensal bacteria-derived metabolites regulate HDACs in hematopoietic 

cells

The microbiota contributes diet-dependent products, such as lipids, amino acids, vitamins 

and short-chain fatty acids (SCFAs), and diet-independent products, such as 

lipopolysaccharide and peptidoglycan, to the intestinal microenvironment [15]. These 

commensal bacterial-derived byproducts have the potential to modify the epigenome of host 

cells and in turn alter the cell’s development and function. Several recent studies have 

examined commensal bacteria-derived SCFAs that are produced through bacterial 

fermentation of dietary carbohydrates in the colon and can be incorporated by IECs or 

diffuse across the epithelium into the underlying intestinal lamina propria [61–63]. SCFAs 

have been shown to activate G-protein-coupled-receptors (GPCRs), such as GPR41 and 

GPR43 [64–67], although recent reports have suggested GPCR-independent regulation by 

SCFAs [68–70]. The most abundant SCFAs in the intestinal lumen are butyrate, propionate, 

and acetate. Germ-free mice exhibit significantly decreased levels of all three of these 

SCFAs in comparison to conventionally-housed mice [71, 72], indicating that the microbiota 

is essential for their synthesis. SCFAs alone have been found to regulate the development 

and function of several immune cell lineages [15, 65, 69, 70]. Further, commensal bacteria 

such as Clostridia and Bifidobacteria can produce SCFAs in the intestinal lumen, and these 

microbes have also been found to regulate host defense responses [63, 73, 74].

Previous work has determined that SCFAs can potently inhibit HDAC activity in vitro [53, 

63, 75, 76]; therefore HDACs in intestinal immune cells have been highlighted as potentially 

important targets of microbiota-derived SCFAs. A combination of recent publications have 

uncovered a model in which SCFAs derived from commensal bacteria exert anti-

inflammatory effects in the colon in part by stimulating histone acetylation of the FoxP3 
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locus in naïve CD4+ T cells, increasing FoxP3 expression, and promoting the differentiation 

of Tregs [65, 69, 70] (Figure 2). Furusawa et al. utilized chromatin immunoprecipitation 

sequencing (ChIP-seq) for histone H3 acetylation to directly analyze the effects of butyrate 

on the epigenome at specific genomic loci in naïve CD4+ T cells under Treg polarizing-

conditions [70]. Butyrate induced upregulation of histone H3 acetylation at both the 

promoter and intragenic enhancer elements (conserved noncoding sequence) of the FoxP3 

locus. H3 acetylation at these loci positively correlated with FoxP3 expression, and 

increased at one intragenic site during the course of Treg differentiation, providing strong 

evidence that the effects of butyrate on FoxP3 expression and Treg differentiation are 

dependent on regulation of histone H3 acetylation at these loci. In addition to regulating 

histone acetylation, Arpaia et al. demonstrated that butyrate also results in increased 

acetylation of the Foxp3 protein, suggesting that acetylated Foxp3 is more stable and 

exhibits enhanced function [69].

Although thorough examination into how or which HDACs are directly mediating SCFA-

dependent effects on Treg homeostasis is ongoing, butyrate and propionate, both SCFAs 

with HDAC-inhibitory activity, promoted Treg differentiation in the periphery, whereas 

acetate, a SCFA that lacks significant HDAC activity but is a potent ligand of GPR43, did 

not induce the same Treg effect, supporting that HDACs mediate effects of specific 

commensal-derived SCFAs on Tregs [69, 70]. Smith et al. suggested a mechanism by which 

SCFAs decreased expression of the class II HDACs, HDAC6 and/or HDAC9 in colonic 

Tregs. Consistent with these SCFA findings, synthetic HDAC inhibitors were previously 

found to limit colitis through expansion of Foxp3+ Tregs in association with differences in 

HDAC9 expression [77–79]. Targeting of HDAC6 and HDAC9 through deletion and 

inhibitor studies improved Treg suppressive function, however regulation of acetylation of 

the FoxP3 transcription factor, rather than histone H3 within the FoxP3 gene, was 

characterized as a potential mechanism in these reports [78, 80].

The effects of commensal bacteria-derived SCFAs on histone acetylation in myeloid cell 

lineages have also recently been examined. For instance, in addition to confirming direct 

effects of butyrate in promoting CD4+ Treg responses, Arpaia et al. suggest that butyrate-

dependent HDAC inhibition in DCs may result in indirect promotion of colonic Treg 

differentiation [69]. DCs demonstrated increased global H3 acetylation levels in response to 

butyrate, indirectly implicating HDACs as targets of butyrate in DCs. Treatment of DCs 

with butyrate also resulted in decreased expression of LPS response genes, including IL-12, 

IL-6, and Relb [68, 69]. Similarly, Chang et al. demonstrated that treatment of macrophages 

with butyrate increased global histone acetylation and decreased expression of LPS-induced 

pro-inflammatory cytokines IL-6 and IL-12, independent of GPCRs and TLR signaling [68, 

69]. (Figure 2). Inhibition of HDAC activity or loss of HDAC expression has been 

repeatedly been found to result in decreased enrichment of pro-inflammatory gene 

expression profiles [54, 57, 81, 82]. Investigation is ongoing into whether this decreased 

transcription of pro-inflammatory genes represents a direct, but counterintuitive, increase in 

histone acetylation at inflammatory genes, increased expression/recruitment of a 

transcriptional repressor, and/or decreased expression/recruitment of a transcriptional 

activator, possibly through altered acetylation of non-histone targets [54, 81, 83].
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While butyrate increases levels of histone acetylation in immune cells, it remains unclear 

how this relates to physiologic concentrations of SCFAs in the colon and whether 

commensal-derived SCFAs increase histone acetylation primarily through regulation of 

HDAC expression versus direct inhibition of its enzymatic activity. Further, while loss of 

HDAC3 expression in IECs impairs microbiota-dependent intestinal barrier function, 

inhibition of HDACs by commensal bacteria-derived SCFAs in Tregs generally protects 

from pathologic intestinal inflammation, possibly underlying why multiple outcomes and 

mechanisms have been suggested for butyrate treatment during colitis [68, 84–87]. These 

seemingly opposing effects of HDACs in different intestinal cell populations warrant a more 

thorough examination of the differential effects of SCFAs on specific HDAC isoforms in 

different host cells, in the context of protective and pathologic immunity [66, 68, 84, 85, 87].

Complex interplay between microbiota and HDACs in the intestinal 

microenvironment

In addition to mediating microbiota-derived signals, it is likely that the interplay between the 

microbiota and epigenomic pathways involves complex feedback signals that influence one 

another, directly or indirectly (Figure 2). Deletion of HDAC3 from IECs in conventionally-

housed mice (HDAC3ΔIEC mice) resulted in significant alterations in the composition of 

commensal bacteria, but this intestinal dysbiosis alone was not sufficient to transfer the IEC 

dysregulation observed in HDAC3ΔIEC mice to wildtype germ-free mice. Therefore, in 

addition to mediating commensal bacteria-dependent regulation of intestinal homeostasis, 

downstream responses of HDAC3-dependent regulation in IECs maintain normal diversity 

of the intestinal microbiota [57]. As discussed earlier, recent studies have underscored a 

critical role for naïve CD4+ T cells, Tregs and other immune cell populations in sensing and 

responding to commensal bacterial-derived SCFAs, in part through HDACs [65, 69, 70], 

however it remains unknown how pathways downstream of SCFAs or exogenous HDAC 

inhibitors feedback on commensal bacterial populations to regulate diversity of the 

microbiota.

Additional layers of complexity that influence cellular levels and targets of lysine 

acetylation will likely impact the dynamic crosstalk between the microbiota and epigenomic 

regulation by HDACs. Histone acetylation by HATs requires availability of the substrate 

donor, acetyl-coA, so interactions of HDACs with histones and subsequent deacetylation 

may vary based on the cellular levels of acetyl-CoA. There is increasing evidence that 

cellular metabolism of acetyl-coA is altered in response to environmental signals such as 

nutrient availability [50, 88, 89]. Therefore, conditions of cell stress or increased metabolism 

could influence the response of HDACs to microbiota-derived signals. Further, introduction 

of a conventional microbiota to germ-free mice led to acetylation of lysine residues on 

numerous non-histone proteins in the liver and colon [90]. Therefore, in addition to 

regulating histone acetylation, commensal bacterial-derived signals appear to also impact 

acetylation of non-histone substrates. Future studies are needed to determine the 

contributions of specific HATs or HDACs in regulating microbiota-dependent acetylation of 

non-histone proteins.
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HDACs can be targeted by a large class of inhibitors that are currently being utilized or 

examined for the treatment of various types of cancer, as well as inflammatory and 

degenerative conditions [45, 91, 92]. Currently, two HDAC inhibitors, vorinostat 

(suberoylanilide hydroxamic acid) and depsipeptide (romidepsin) are approved for treatment 

of refractory cutaneous T-cell lymphoma and more recently, depsipeptide was approved for 

treatment of peripheral T-cell lymphoma [93]. The therapeutic potential of HDAC inhibitors 

is promising and numerous compounds that either target multiple HDACs or specific 

isoforms are being evaluated clinically. However, as the mechanisms underlying their 

clinical effects are not fully understood, studies directed towards better understanding their 

specificity and mode of action are ongoing [93, 94].

Concluding Remarks

Although the recent advances discussed here offer promising steps toward recognizing the 

importance of epigenomics in mediating the host-microbiota relationship, understanding the 

mechanisms and extent to which epigenomic regulation orchestrates this relationship is still 

in its infancy (Box 1). Determining the critical pathways and modes of action by which cell-

specific epigenomic-modifying enzymes differentially respond to commensal bacteria-

derived signals and regulate the epigenome will be essential. Future investigation is also 

needed into the clinical implications of utilizing epigenomic-targeting drugs, such as DNMT 

and HDAC inhibitors, on the microbiota and associated microbiota-dependent immune and 

metabolic health. Further, epigenomics may provide an underlying mechanism for how 

long-term and multigenerational effects of the microbiota are inherited. In order to better 

understand and, eventually, intervene therapeutically at this level of regulation, more 

thorough examination into the cellular heritability of microbiota-dependent epigenomic 

modifications must be conducted.

Box 1

Important Areas of future research

1. Identifying critical pathways by which cell lineage-specific epigenomic-

modifying enzymes differentially respond to commensal bacteria-derived 

signals and regulate the epigenome.

2. Characterizing how alterations in the levels of microbiota-derived SCFAs are 

sensed in vivo and the mode of action by which SCFAs regulate HDACs in 

hematopoietic and non-hematopoietic cells.

3. Exploring the clinical implications of utilizing epigenomic-targeting drugs, such 

as DNMT and HDAC inhibitors, on the microbiota and microbiota-associated 

immune and metabolic homeostasis.

4. Examining the cellular heritability of microbiota-dependent epigenomic 

modifications.

Epigenomic pathways likely play a central role in regulating susceptibility to several human 

diseases that are influenced by both genetic and microbe-derived factors. However, progress 
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towards understanding how these pathways can be manipulated to improve host-microbiota 

interactions and treat microbiota-influenced diseases will require continued cross-

disciplinary basic science and translational investigation into this emerging field.
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Glossary

Chromatin The DNA-protein complex that is packaged into the nucleus of a 

cell. Chromatin is a higher order, dynamic structure

Nucleosome The basic unit of chromatin that is composed of approximately 

147 base pairs of DNA wrapped around a single histone octamer

Epigenetics Changes in gene expression that are heritable through cell 

divisions and potentially generations, but do not result from 

alterations in the genetic code

Epigenome The combination of chromatin modifications and associated 

proteins that collectively package the genome and direct 

transcription

Epigenomic-
modifying enzymes

Enzymes that alter the epigenome by catalyzing the covalent 

addition or removal of specific small molecules

Histone 
acetyltransferases 
(HATs)

An epigenomic-modifying enzyme that transfers an acetyl group 

from acetyl CoA to lysine residues on histones or non-histone 

proteins. Bromodomains that are present in various proteins 

preferentially interact with acetyl-lysines generated by HAT 

activity

Histone deacetylases 
(HDACs)

An epigenomic-modifying enzyme that removes acetyl groups 

from acetylated lysines on histones or non-histone proteins. 

HATs and HDACs are also now called lysine acetyltransferases 

(KATs) and lysine deacetylases (KDACs) to acknowledge their 

ability to deacetylate lysine residues on non-histone targets
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Highlights

• Epigenomic modifications enable environmental cues to alter transcriptional 

programs in mammalian cells.

• Signals derived from the microbiota in the intestinal microenvironment likely 

regulate the epigenome.

• Recent advances suggest that histone deacetylases are key epigenomic-

modifying enzymes in the mammalian host that mediate interactions with the 

microbiota.
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Figure 1. Histone Deacetylase (HDAC) Classification
Isoforms of HDACs are divided into four classes based on the sequence similarity of their 

catalytic domain to yeast homologues. The distribution of the conserved catalytic domain 

and dominant region of subcellular localization are indicated.
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Figure 2. Epigenomic regulation of microbiota-dependent intestinal homeostasis via HDACs
A series of recent studies identify that HDACs, a family of epigenomic-modifying enzymes 

that remove acetyl groups from lysine residues on histone tails, mediate dynamic regulation 

between the microbiota and multiple cell lineages including (1) IECs [57], (2) monocytes 

[68, 69], and (3) CD4+ T cells/ Tregs [65, 69, 70]. Crosstalk between the microbiota and 

HDAC-dependent transcriptional networks in IECs and/or commensal bacterial-derived 

SCFA inhibition of HDACs in innate and adaptive immune cell populations could 

significantly impact intestinal immune homeostasis, barrier function, and susceptibility to 

damage and inflammation. Depending on the cellular target and HDAC isoform, 

manipulation of these pathways could either protect or promote intestinal inflammation, 

disrupt the diversity of commensal bacteria in the intestine, and potentially result in 

epigenomic modifications that influence cell fate and antigen tolerance. HDAC: Histone 

deacetylase; IEC: intestinal epithelial cell; Treg: regulatory T cell; DC: dendritic cell; Mac: 

Macrophage, SCFA: short chain fatty acid.

Alenghat and Artis Page 16

Trends Immunol. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


