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Introduction

The term epigenetics refers to processes that 
lead to heritable changes in the expression of 
genes without changes in the sequence of DNA1. 
These alterations in gene expression are a result 
of modifications made to chromatin and non-
chromatin proteins (e.g. transcription factors). 
Hence, not only do epigenetic modifications play 
a role in many, if not all, biological processes, 
such as cell cycle control2 and disease3 (Figure 
1), they also add a layer of complexity to gene 
expression above what is already known at the 
genomic level.   

Epigenetic modification of chromatin proteins 
alters the ability of the transcriptional apparatus 
to bind and transcribe DNA, this altering gene 
expression. In the case of the chromatin protein 
histone3, acetylation has been shown to lead to 
transcriptional activation, whereas deacetylation 
has been shown to result in transcriptional 
repression. Therefore, numerous studies have 
been conducted on histone deacetylases (HDACs) 
in association with transcriptional silencing4,5,6. 
Upon further observation, HDACs have also been 
shown to modulate the activities of various 
transcription factors and non-histone proteins, 
thus allowing for even greater precision in the 
regulation of gene expression3 (Figure 1). The 
present review will discuss the affect of environmental 
conditions on histone deacetylation, its implications for 
disease, and the use of HDAC inhibitors as a potential 
therapeutic for a multitude of diseases.

Histone Deacetylation and Environmental Response

Any organism is subject to environmental and physiological 

stresses that puts them at risk. With regard to environmental 
factors (e.g. temperature, oxygen availability, water, 
food), histone deacetylation plays an important role. In 
mammals, hibernation is a hypometabolic process in 
response to temperature, food and other environmental 
changes. During hibernation, it was shown that histone H3 
acetylation and RNA polymerase II transcriptional activity 
decreases with an accompanying increase in HDAC I and IV 

Figure 1. This diagram illustrates the mechanism by which HDACs regulate the 
acetylation state of histone and non-histone proteins to regulate gene expression. The 
effect of HDAC inhibitors on many biological processes is also shown. Figure Adapted 
from Bolden et al.3
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protein levels6.

Although many of the environmental stresses listed above 
do not apply to humans, food is a common environmental 
stress in our society given the prevalence of eating 
disorders. Therefore, caloric restriction experiments have 
been conducted to investigate the epigenetic basis of 
metabolism. A specific class of HDACs (sirtuins) have been 
identified to play a significant role in regulating glucose and 
lipid metabolism during caloric restriction7. The changes 
to histone deacetylation in response to environmental 
stress have formed the basis of our understanding of 
transcriptional silencing due to HDACs. This knowledge 
is paving the way for more clinically-relevant studies of 
histone deacetylation.

HDACs and Disease

Given the widespread and profound impact of epigenetic 
modifications to affect most, if not all physiological 
processes, HDACs have been studied in relation to a 
multitude of diseases3,8,9. For the onset and progression 
of cancer, research has shown that HDACs can inhibit the 
transcription of tumour-suppressor and apoptotic genes, 
thereby promoting tumour development3 (Figure 1). 
Similarly during cardiac hypertrophy and heart disease, the 
expression of a large number of genes is altered, and HDACs 
were shown to be involved regulating the expression of 
these genes8.

One disease that is being studied in relation to HDACs with 
increasing frequency is Spinal Muscular Atrophy (SMA). 
This life-threatening disease is a neuromuscular disorder 
characterized by motor neuron loss due to reduced survival 
of motor neuron (SMN) protein levels, and an increase 
in muscle atrophy. Thus children with the disease have 
significant impairments in mobility, leading to death in 
severe cases. HDACs have been shown to reduce SMN levels 
and promote muscle atrophy9. Therefore, the dual role that 
HDACs play in SMA pathology makes HDAC inhibitors a 
promising therapeutic.

Clinical Implications of Histone Deacetylation - HDAC 
Inhibitors as a Therapeutic

As mentioned previously, HDAC inhibitors are being studied 
extensively as a potential therapeutic for SMA, with 
Trichostatin A (an HDAC inhibitor) having been shown to 
ameliorate motor neuron and muscle growth9,10.

With respect to cancer, HDAC inhibitors are highly effective 

in selectively targeting tumour cells, and while these 
drugs have potent effects when administered alone, their 
combination with other anticancer agents (e.g. retinoic 
acid, UV irradiation) have produced even greater results3.

Presently, Vorinostat and romidepsin are two HDAC 
inhibitors that have already went through clinical trials 
and are Food and Drug Administration (FDA) approved 
for anticancer treatments with many others currently 
undergoing clinical trials for various diseases3,8. Therefore, 
the clinical applications of epigenetics-based therapeutics 
are very promising. 

Conclusion

In contrast with changes in the genome, epigenetic 
changes such as histone deacetylation occur much more 
frequently in response to changes in the environment6,7, 
thus adding further complexity to the expression of genes. 
The clinical implications of epigenetic modifications have 
already been studied extensively in relation to HDAC, 
with promising results that have lead to FDA approval 
on two HDAC inhibitors8. Current HDAC inhibitors either 
inhibit specific classes of HDACs or are global inhibitors3. 
Therefore, understanding the differential modification of 
specific histone and non-histone residues in disease, and 
the development of therapeutics to target these specific 
modifications will bring us closer to providing personalized 
gene therapies. ¾
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