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Epigenetics and Testosterone Deficiency
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What is Epigenetics?
Epigenetics refers to the extra layer of instructions that lies on top of 
DNA and controls how genes are expressed. It investigates how certain 
chemical tags’ marks’ attached to different parts of DNA and its associa-
ted proteins can activate or silence genes; these chemical changes are 
known as “epigenetic modifications”. 

All cells in the body contain the same genetic code, yet each of these 
cells has a different structure and function. The epigenetic modification 
process does not alter the genetic code, but it determines the specific 
structure and function of the cells by controlling which genes are turned 
on or off in each cell. This epigenetic modification explains the differen-
ces found between identical twins sharing the same genetic code. 

Abstract
While genetics is the study of inherited genes, epigenetics is the 
study of how our lifestyle and the environment around us can 
change the expression of these inherited genes and whether 
these changes in gene regulation can be passed to offspring.

The word epigenetics means “on top of genetics.”
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Epigenetics is also involved in regulating gene expression at different 
times; a relevant example of this is episodes of disease.

DNA Methylation
One of the most studied and stable epigenetic modifications is DNA 
methylation; it involves the attachment of small molecules called me-
thyl groups (each methyl group consists of one carbon atom and three 
hydrogen atoms), to the segments of DNA. When methyl groups are 
added to a particular gene, that gene is turned “off,” and no protein 
is produced from that gene. These modifications have effects on gene 
function, protein production, and overall human health.

DNA methylation has also been shown to be associated with aging, 
aging-related health outcomes, and the indicator for all-cause and di-
sease-specific mortality.

Many factors affect epigenetic modifications. Lifestyle behaviors such 
as diet, sleep, shift working, and exercise are now known to cause epi-
genetic changes, as are exposure to toxins, pesticides, diesel exhaust, 
tobacco smoke, heavy metals, radioactivity, bacteria, and viruses.

Accumulating evidence has related epigenetic changes to a wide varie-
ty of illnesses, behaviors, and health issues. Although most epigenetic 
changes only occur during the lifetime of the individual, they may be 
passed on to offspring and subsequent generations.

Epigenetic Errors
The errors in the epigenetic modification process, such as modifying the 
wrong gene or failing to turn a gene “on” or “off,” can lead to abnormal 
gene activity or inactivity, causing genetic disorders. Epigenetic errors 
are now associated with a wide range of diseases, including nearly all 
types of cancer, in addition to respiratory, cardiovascular, autoimmune, 
reproductive, and neurodegenerative disorders. 

Interestingly, epigenetic alterations are reversible in nature, which holds 
promise that gene therapy can help reset the epigenome to the normal 
state. The recent developments in sequencing techniques have enabled 
epigenomic profiling of various cell types in their normal or pathological 
states; this can be valuable for disease diagnosis, prognosis, and treat-
ment opportunities.

Testosterone
Testosterone is the primary male sex hormone and anabolic steroid hor-
mone. It plays a key role in the development of male reproductive tissues 
such as the testes and prostate, as well as secondary sexual characteristics 
development such as increased muscle and bone mass, and the growth of 
body hair through increased protein synthesis in these testosterone recep-
tor-dense tissues. Females also produce testosterone, but in much lower 
amounts. It helps with the growth and support of a woman’s reproductive 
tissue, strengthens bones, and can influence mood and behavior.
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Testosterone is measured in na-
nomoles per liter (nmol/l) and the 
“normal” healthy range in males 
is between 9.2 and 31.8 nmol/L. 
In females, “normal” levels are ten 
times lower, between 0.3 and 2.4 
nmol/L. Despite these lower levels 
in women, testosterone circulates in 
the blood at higher concentrations 
than estrogen, the typical female 
hormone.

Low testosterone (also called Low T) has become a near epidemic, af-
fecting 1 in 4 men over the age of 30. And it seriously impacts not just 
their performance in the bedroom, but also their health, work, relation-
ships, and daily life.

Low testosterone levels in men can result in lack of energy and strength, 
decreased cognitive performance, loss of muscle mass, increase in body 
fat, fatigue, reduced sex drive, erectile disfunction, testicular shrinkage, 
decrease in bone mass, hair loss, putting on weight, and changes in 
mood. Many of these symptoms are the same in women who also have 
low testosterone. Recent research suggests that in the longterm, low 
testosterone can increase the risk of cardiovascular disease, obesity, 
type-2 diabetes, Alzheimer’s disease, metabolic syndrome, and early 
mortality in both men and women. Low testosterone has also been 
associated with an increased risk of prostate cancer.

In men, testosterone levels vary throughout life -  including throughout 
the year or even over the course of a day. Testosterone levels peak at 
around 4-8 am and fall to their lowest point about 12 hours later. The-
se levels can also vary throughout the year. These daily and seasonal 
variations can cause levels to vary by as much as 19%. Furthermore, 
testosterone ranges differ slightly according to the individual. On the 
other hand, women’s testosterone levels are more stable, without any 
known daily or yearly changes.

Testosterone levels in the blood are shown to fall with age in both men 
and women, and these falling levels increase the risk of disease.
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Epigenetics and Testosterone
Epigenetic alterations have been linked to lower testosterone levels. Se-
veral genes in the testes are regulated through epigenetic mechanisms, 
indicating a direct influence of epigenetic mechanisms on the process of 
testosterone production.

Epigenetic modifications play a vital role in the regulation of molecu-
lar pathways to maintain testicular homeostasis. These epigenetic me-
chanisms consist of histone modification, chromatin remodeling, DNA 
methylation, and miRNA, etc. One of these mechanisms is involved in 
the regulation of oxidative stress in the male reproductive system; the 
antioxidant capacity of testes tissues is very important. Low testoste-
rone levels have been related to oxidative stress - for the testes tissues 
with its high metabolic rates and cell replication, oxidative stress can be 
especially damaging.

CpG Islands
CpG islands are known as the epigenetic regulatory regions. These are 
regions in the genome, with a large number of CpG dinucleotide re-
peats. CpG islands are associated with the start of the gene (promoter 
regions). The presence of a CpG island is used to help in the prediction 
and annotation of genes.

CpG Islands are important because they represent areas of the genome 
that have been protected from the mutating properties of methylation.

Profiling of DNA methylation patterns (methylation of cytosine in a CpG 
site) in lymphocytes from human peripheral blood samples has been 
used to predict physiological outcomes. Some of the most success-
ful studies include the prediction of biological aging, associations with 
smoking, and obesity, as well as changes in steroid hormones such as 
testosterone, which may further serve as a marker of risk of future 
disease or may even mediate the effect of sex hormones on endocrine 
disease onset and progression.

Disruption of DNA methylation interferes with proper epigenetic regu-
lation. The role of DNA methylation in gene expression depends on the 
CpG islands context, which is associated with gene silencing, gene body 
methylation, and has variable effects on gene expression. 

DNA methylation and the expression levels of the annotated genes may 
indicate hypergonadism or hypogonadism, as well as other diseases 
such as type-2 diabetes that sex hormone-binding globulin (SHBG) has 
been causally linked to previouly. Disturbance to these DNA methylation 
patterns has also been linked to the development of other endocrine 
diseases and may also mark the onset of diseases such as prostate 
cancer, in which sex hormones such as testosterone are involved. 

Further investigations may provide an important understanding of the 
regulatory processes of epigenetics and testosterone. Studying epige-
netic changes in DNA might hold a great promise in the prediction and 
progression of diseases such as type-2 diabetes and prostate cancer.

CpG Methylation Site and Testosterone Levels
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A recent epigenetic case-control association study looked at CpG islands 
of the CYP17A1 gene from 456 infertile men and 465 normal fertile 
men. This CpG site was highly methylated in colon and stomach tissues, 
but less methylated in the adrenal gland, kidney, and testes with higher 
CYP17A1 RNA expression. Furthermore, this polymorphism was found 
to be statistically significantly associated with testosterone levels from 
infertile males.

In other words, this variation at a single position in a DNA sequence 
among individuals, with its expression possibly by epigenetic pathway, 
may signify a genetic risk factor for male infertility.

Histone modifications and Testosterone Levels in Adult Men
Recent epigenetic discoveries relate epigenetic mechanisms to covalent 
modifications of DNA methylation and histones methylation. Histone 
modifications and DNA methylation play a considerable role in allowing 
specific functions such as DNA repair and gene activation. Enzymes 
associated with histone modifications are histone acetyltransferases 
(HAT), histone methyltransferases (HMT), histone deacetylases (HDAC), 
histone demethylases (HDM) and others. These enzymes modify histo-
nes, which alter gene expression to affect the phenotype by regulating 
promoter activity, chromatin structure, and epigenetic memory, without 
changes in the nucleic acid code. These molecular alterations may be 
responsible for several disorders during life.

Gene expression is regulated by switching to a variant form of histone mo-
difications. It is well established that modification to histones plays an im-
portant role in the programming of various bodily systems and processes. 

Post-translational modification of histone provides another level of gene 
expression control. Long thought to be inert structural proteins around 
which DNA is wrapped, histones have turned up to have key roles in 
both transient and long-term gene expression regulation. 

Long-term gene silencing was found to be associated with distinct his-
tone modifications, this brought up the idea of epigenetic regulation 
by these modifications. The enzymes that reset post-translational mo-
difications are abundant in adult cells, and histone modifications can 
change rapidly in response to cellular environments. 

Some have argued that the dynamic nature of histone modifications 
make them poor candidates to explain epigenetic states. But ongoing 
research revealed the role of histone modifications in regulating gene 
expression.

A remarkable study by the “Medical Research Council Centre for Re-
productive Health” found that altered histone methylation of testicular 
germ cells during fetal life programs adult testosterone levels through 
effects on the generation of Leydig cells at puberty; which is responsible 
for testosterone secretion in adult men. 

The study results revealed that increased histone methylation 
(H3K27me3) at the gene promoter for steroidogenic acute regulatory 
protein (StAR) is responsible for testosterone deficiency in adult men, 
which not only affects sexual and reproductive health but also has im-
plications for aging, general well-being, and longevity of men.
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These findings with further studies can help identify how these cells can 
be epigenetically reprogrammed to balance adult testosterone levels 
which might affect lifetime disease risk and longevity.

Epigenetics in Endocrine  
Disruptors
Throughout our lives, epigenetic processes shape our development and 
enable us to adapt to a constantly changing environment. Identifying 
and understanding environmentally induced epigenetic change(s) that 
may lead to adverse outcomes is vital for protecting humans’ health.

Endocrine disruptors are environmental pollutants (chemicals) that mi-
mic endogenous hormonal signals in the endocrine system and disrupt 
the physiologic function of endogenous hormones.

Some of these chemicals come from plant sources such as phytoes-
trogens, and others are natural substances such as heavy metals or 
synthetic compounds or drugs. Food is a major source of exposure to 
endocrine disruptors, in addition to water and air.

Phthalates are known endocrine disruptors. These are a group of chemi-
cals used to make plastics more flexible and harder to break. They are often 
called plasticizers. Some phthalates are used as solvents for other materials. 

Phthalates are found in everything from cosmetics, air fresheners, in-
secticides, building materials, food packaging, drinks, pharmaceuticals, 
blood bags and tubing, and personal care products, such as nail polish, 
hair sprays, soaps, shampoos, aftershave lotions, laundry detergents, 
perfumes and almost anything fragranced.

Researchers found an inverse relationship between phthalate exposu-
re at various life stages and testosterone levels. According to a recent 
study published in the Endocrine Society’s Journal of Clinical Endocri-
nology & Metabolism (JCEM), individuals exposed to phthalates tended 
to have reduced levels of testosterone in their blood compared to those 
with lower chemical exposure.

Heavy metals are another endocrine disruptor that causes low tes-
tosterone. Lead and other heavy metals have been shown to decrease 
testosterone levels.

Effect of Mycotoxins on Male Reproductive 
Epigenome
Mycotoxins are toxic compounds that are naturally produced by certain 
types of fungi that grow on numerous foodstuffs such as cereals, dried 
fruits, nuts, and spices.

While very few studies have addressed the effect of mycotoxins directly 
on the male reproductive epigenome, studies revealed that mycoto-
xins can reduce serum testosterone concentration, epididymal, seminal 
vesicle, and prostate weights; and spermatid, besides inducing sperm 
morphology abnormalities.
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Leydig cells in the testis are responsible for the production of testoste-
rone. Mycotoxins act directly on Leydig cells affecting mRNA expression 
and disrupting crucial enzymatic and hormonal activities which can di-
rectly reduce testosterone concentration.

One of the performed studies indicated that persistent epigenetic chan-
ges in DNA methylation, particularly hypomethylation at the Fstl3 gene 
promoter CpG islands reduced serum concentrations of testosterone.

Mycotoxins also reduced testosterone levels by inducing the apoptosis 
of Leydig cells, possibly via p53 expression which impacts epigenetic 
change.

In Conclusion
Epigenetics can be understood as the science of how you can strate-
gically enhance your lifestyle to alter the expression of your genes to 
optimize your health. The analysis of DNA epigenetic changes in DNA 
may help predict the risk of future disease and endocrine disease onset 
and progression.

Partial cellular reprogramming is promising, and if successfully transla-
ted to people, it can keep tissues and organs functionally younger and 
free from the aging diseases. 

We are likely still a few years away from this happening, but hopefully 
in the near future we will see these approaches arriving at the clinic as 
treatments for; age-related diseases, cancers, and multi-organ level 
functions.
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