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ABSTRACT:  
DNA methylation is the key mechanism in epigenetic events involved in gene silencing and gene 
genome stability. The two important hormones involved in social behaviour, lactation and 
parturition are Oxytocin and Prolactin. There is growing interest in epigenetic modification of 
oxytocin and prolactin in neurotransmission interaction and their functional significance. This review 
outlines the influence of DNA methylation of genes of oxytocin and prolactin hormones/receptors 
and impact on their biological roles and influence on endocrine function in mammals.  
Keywords: Prolactin, Oxytocin, receptor, DNA methylation, epigenetics 

INTRODUCTION 

The two neuropeptide hormones oxytocin and 
prolactin play an important role in social 
behaviour, parturition and lactation (1-3). Both 
the hormones are also involved in the 
response to stress via an interaction with 
serotonin system.  In mammals, DNA 
methylation is believed to mediate the 
modulation of transcription and functional 
responses. In mammals, the cytosine bases at 
position 5 in CpG dinucleotides are modified 
genome-wide by dedicated methyl-
transferases to produce 5-methylcytosine 
(5mC), which can be further oxidized by the 
Ten eleven translocation (TET1, 2, and 3) 

enzymes (4-6) to 5-hydroxymethylcytosine 
(5hmC), 5-formylcytosine (5fC), and 5-
carboxylcytosine (5caC) (Fig.1). 
Neurobiologically, OXT is synthesized by the 
OXT gene in magnocellular neurons in the 
paraventricular and supraoptic nuclei of the 
hypothalamus. OXT is then transported along 
axonal projections to the posterior lobe of the 
pituitary, where it is stored in secretory 
vesicles before being released into the 
peripheral blood. In addition, dendritic release 
of OXT occurs into the extracellular space with 
diffusion through the brain. Emotional 
processing and stress have been found to 
affect the degree of methylation in specific 
brain regions like the fusiform, amygdala and 
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insula. Oxytocin receptors are synthesised by 
the Oxytocin Receptor (OXTR) gene, which 
expresses both centrally in the brain and 
within peripheral organs (7-8). In this way, OXT 
has both peripheral and central functions. 
OXTR is located on human chromosome 
3p25.3. The OXTR gene spans 17 kilobytes (kb) 
and contains 3 introns and 4 exons. Exons 1 
and 2 correspond to non-coding regions while 
exons 3 and 4 encode the amino acids of the 
oxytocin receptor.For the Prolactin on the 
other hand, cis acting elements are 
characterised in the proximal region of the 
promoter sequence. DNA methylation down 
regulates prolactin gene transcription while 
hypomethylation may cause enhanced gene 
expression (9). This article examines the 
interaction of oxytocin and prolactin and their 
epigenetic modification in physiological and 
disease states. 

Methylation of oxytocin gene DNA and role in 
diosrders: 

Using the techniques of genomic sequencing, 
several groups have indeed presented 
evidence linking site-specific methylation in 
promoter regions and transcriptional inactivity 
(10 ). However, the great majority of the data 
collected concerns GC-rich and TATA-less 
promoters and 59 upstream regions of X-linked 
housekeeping genes that are associated with 
CpG islands (11 ). The implication of promoter 
methylation in gene regulation is further 
supported by results from functional analyses 
performed by transfection assays.OXTR DNA 
methylation and outcomes in various domains 
are emerging in the literature. These include 
positive associations between OXTR 
DNAmethylation and callous-unemotional 
traits in youth, social cognitive deficits in ASD , 
rigid thinking in anorexia nervosa , affect 
regulation problems  and mood deficits  as well 
as limbic regions linked with facial and 
emotional recognition. In mouse models, OXTR 
DNA methylation patterns have been 
correlated with differential OXTR expression in 
different body tissues. In different brain areas, 

differing DNA methylation at specific CpG 
regions within the OXTR occurred with 
differential expression of OXTR (12). The 
differential OXTR expression is considered to 
relate to a diversity of animal social behaviours 
arising from the limbic brain structures. 
Though animal and human OXTR gene 
promoter brain regions differ, the inference is 
that DNA methylation differences result in 
OXTR transcription changes with impact on 
human social and emotional behaviour, affect 
regulation problems (13-14) and mood deficits 
(15) as well as limbic regions linked with facial 
and emotional recognition (16). In contrast, 
reduced OXTR DNA methylation has been 
associated within indicators of perinatal stress 
(17), postnatal depression (18), social anxiety 
(19) and autism in children. 

Prolactin gene methylation and effects:  

The PRL superfamily genes, present in large 
clusters on chromosome 13 in the rodents and 
on chromosome 6 in humans, can be classified 
into four clusters according to their position 
and orientation.  During lactation, prolactin 
activates STAT5 (Signal Transducer and 
Activator of Transcription), which binds to 
conserved DNA sequence motifs inpromoters 
of milk protein genes to stimulate their 
expression (20) (Fig.2). At drying-off, mammary 
involution is characterised by a rapid decrease 
in milk protein gene expression including αS1-
casein (21). The αS1-casein promoter features 
a doublet STAT5 binding site containing 3 CpG 
dinucleotides. During lactation, these CpG 
dinucleotides are hypomethylated but become 
methylated following Escherichia coli infection 
of the gland.The role of site-specific decreased 
level of DNA methylation on the induction of 
gene expression has previously been studied 
most extensively in cultured cell lines and in 
systems with drug induced inhibition of DNA 
methylation. Earlier in vivo analysis indicated 
that tissue-specific expression can be 
correlated to the site-specific hypomethylation 
of -C- residues in several genes and implicated 
a role for hypomethylation in the 
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developmental regulation of genes of higher 
organisms . The correlation established in this 
investigation between site-specific DNA 
hypomethylation/ hypermethylation and 
altered expression of PRL and GH genes under 
alternate physiological states establishes the 
role of DNA methylation on gene regulation 
from different perspectives. The correlation of 
extent of DNA hypomethylation with tissue-
specific expression of genes has been limited 
to the steady state level of expression, 
whereas results of this investigation 
demonstrate a dynamic state of site-specific 
DNA hypomethylation and hypermethylation 
of genes occurring concurrently with the 
naturally coordinated transition from one state 
of expression to another. 

Results presented in this study also reveal 
certain basic differences in the methylation 
pattern of PRL gene sequences between rat 
pituitary gland and ratpituitary tumor cells in 
culture. Though the methylation state of the 
5'-end - GCGC- sequences can be correlated 
with the state of expression of PRL gene in 
cultured cells the same is not true for the 
hormonal modulation of expression of PRL 
gene in the pituitary gland of the intact       
animal under physiological situations such as 
pregnancy and lactation. Results of this report 
are from whole pituitary gland in which the 
PRL producing lactotrophs. In mammalian 
genomes, CpGs are present at one-fifth of their 
expected frequency due to the spontaneous 
conversion of 5-methylcytosine into thymine 
by deamination (22-23). The PRL superfamily 
genes have a relatively low frequency of CpGs, 
and the number of CpGs varies among the 
superfamily genes around the transcription 
start sites. It was hypothesized that DNA 
methylation may be a possible mechanism to 
cause mutation, producing variations in the 
number of CpGs. Indeed, the number of CpGs 
is low in rat PL-I, which has a T-DMR (24). It is 
not known, however, if there are TDMRs in the 
superfamily members. 

 

Estimation of DNA methylation: 

The technique of estimation of DNA 
methylation has been described by Gouin et al 
(25) using pyrosequencing. To investigate 
oxytocin receptor DNA methylation, a total of 
three sets of outside primers and four sets of 
inside primers can be developed to probe all 
CpG sites within the target regions (promoter, 
intron 1, enhancers). The nested reverse 
primers are biotinylated for pyrosequencing 
(IDT Technologies). 500 ng of DNA is treated 
with sodium bisulphite (EZ Methylation Gold, 
Zymo Research) and undergo two rounds of 
PCR amplification (1. 95 C × 15 min, 
[94 × 1 min, Primer TM * 1 min, 72 C * 1 min] 
for 35 cycles, 72 C * 10 min; 2. 95 C × 15 min, 
[94 × 1 min, Primer TM * 1 min, 72 C * 1 min] 
for 40 cycles, 72 C * 10 min). The subsequent 
PCR product then undergoes gel 
electrophoresis to confirm the purity and the 
success of the amplification protocol. 20 ul of 
the PCR product is then used to perform pyro-
sequencing using PyroMarkQ24 (Qiagen) 
according to the manufacturer protocol. The 
methylation percentage at each individual CpG 
site was analyzed and exported using 
PyroMark Q24 software (Qiagen). 

Prolactin and oxytocin gene methylation and 
implications in disease: In women with 
polycystic ovarian disease CpG sites were 
associated with hypermethylation of prolactin 
gene (26). The temporal regulations of PRL and 
GH gene expression in gestation and lactation 
are physiological events induced by 
physiological modulators and occur in 
specialized terminally differentiated cell types. 
The regulatory signals are programmed in the 
cell system itself and are not created by 
external agents or by experimental 
manipulation of the in vivo system. The 
prolactin related protein-1-gene was 
exclusively hypermethylated in trophoblast 
cells and therefore a role in plaentogenesis 
and progression of pregnancy (27-28). Many 
studies on the other hand have clearly 
depicted the role of gene methylation of 
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oxytocin in Asperger syndrome and autism 
(29). Oxytocin is now shown in the regulation 
of social behaviour and considered a hormone 
of affection. In a study conducted by Durrin et 
al it was shown that two DNase 1 
hypersensitive sites of 5’ to the prolactin gene 
in pituitary tumors of rats and that coding 
regions were hypomethylated at MSP1 
restriction enzymes sites (30). 

General aspects of DNA methylation and 
impact on diseases: Methylation either hypo 
or hyper have been implicated in various 
cancers like the chronic lymphocytic leukemia, 

ovarian cancer and colon cancer and also in 
orthopaedic disorders (31). Therefore there is 
growing research on inhibitors of 
methyltransferase enzymes and FDA in the 
USA has approved two drugs 5-aza-cytidine 
and 5-aza-Cdr for treatment of leukemia and 
related disorders (32). An intensive review of 
the role of DNA methylation in behavioural 
and affective disorders has been illustrated in a 
text book published by the Elsevier group 
initially in 2014 and focussed on epigenetic 
factors that affect biological psychiatry (33). 

 

 
 

Figure 1: Methylation of cytosine residues and enzymes involved 
 

 

Figure 2: Methylation of Prolactin receptor (Courtesy: Christine Bole-Feysot, Vincent Goffin, Marc 
Edery, Nadine Binart, Paul A. Kelly. Endocrine Reviews, Volume 19, Issue 3, 1 June 1998, Pages 225–
268) 
Conclusions:  

In mammals, DNA methylation mediates 
silencing of tissue specific genes in non-

expressing cells while combination of 
transcription factors dictate the expression of 
undermethylated genes in specialised cells. 
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This is greater clarity about potential 
differences in oxytocin receptor DNA 
methylation across peripheral tissues currently 
collected in human studies in relation to 
central brain tissue OXTR processes. If these 
fundamentals can be established, progress 
would be facilitated by increased homogeneity 
in study design, including phenotypic definition 
and measurement. This includes greater 
investment in high quality measurement, such 
as micro-coding of social interaction using 
gold-standard protocols, for example, human 
attachment behaviour, within observational 
designs. Prospective new drugs inhibiting the 
methyl transferase enzymes have opened new 
vistas for clinical therapeutics. 
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