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Introduction
Major depressive disorder (MDD) is a common psychiatric 

problem characterized by sadness, loss of interest or pleasure, 
guilt feelings, cognitive deficiencies etc. that impair an individual’s 
ability to function properly in daily works deteriorating the 
quality of his life. Depression is considered as the psychiatric 
diagnosis most commonly associated with suicide. A number 
of brain regions responsible for higher cognitive functions 
undergo alteration or deterioration in depression patients [1]. 
It has been recognized that chronic environmental stresses play 
critical role in the etiology of MDD [2]. Individuals may respond 
to environmental stresses by heritable changes in their genome 
that involve alterations in the expression of the genes without any 
changes in gene sequence [3]. Such modifications can be brought 
about by linking DNA with methyl groups and this epigenetic 
modification has been regarded as a potential link between 
environment and major depression [4,5]. DNA methylation is the 
key mechanism that regulate many vital developmental processes 
like genome imprinting, X-chromosome inactivation, transposon 
silencing, gene regulations etc [6]. Regulation of gene activity is 
extremely important for normal functioning of the genome. Cells 
can perform their functions normally only if both DNA sequences 
and epigenetic components of the genome operate properly. 
Thus the abnormalities in the DNA methylation are responsible 
for human diseases in which diseased tissue exhibit different 
DNA methylation pattern from normal counterparts [7]. An  

 
increasing number of human diseases have been associated with 
aberrant DNA methylation that includes cardiovascular diseases, 
neurological disorders, cancer [8] and major depression [9]. 
Various experimental and epidemiological evidences suggest 
that stress can cause the methylation of selected gens / 
promoters that influence the expressions of genes relevant to 
the risk for the development of depression [10-12]. Although it 
is generally believed that the interplay of genetic polymorphism 
and environmental stresses increase the susceptibility of the 
MDD, many peculiarities associated with this disease make it 
difficult to explain the aetiology of this disorder only in terms 
of such association. DNA methylation, a kind of epigenetic 
mechanism which is acquired and heritable offers new insight 
into the pathogenesis of MDD [13]. In this present article an 
attempt has been made to elucidate how adverse environmental 
factors can activate the DNA methylation and negatively regulate 
the expression of genes related to depression. Before that a brief 
discussion will be made on why interactions between genetic 
polymorphism and environmental factors are not sufficient to 
explain the complex etiology of MDD. 

Controversies Over the Etiology of Depression due to 
Gene-Environment Interactions 

Since the heritability of depression is approximately 40% it 
is considered that in addition to genetic factors, environmental 
factors should also be considered as the important factor for the 
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Major depressive disorder has been a major public health problem. Multiple evidences suggests that epigenetic modification is essential 
in biological processes of depression. In recent times, DNA methylation has been regarded as a potential link between environment stress and 
depression. The genetic vulnerability is not able to explain by itself the development of major depression as it is a complex disorder where no 
single gene is sufficient to cause this disease. Probably each susceptibility gene contributes to a small fraction of the total genetic risk. In this 
present review an attempt has been made to elucidate the contribution of genetic and epigenetic factors and environment in the pathogenesis of 
major depressive disorder.
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etiology of the MDD [14]. In spite of a number of genome-wide 
association studies (GWAS) very few genetic variants have been 
implicated in the depressive disorder. For example Wray et al. 
[15] by investigating 5763 cases and 6901 controls could only 
correlate the polymorphism of two genes namely, galanin and 
adenyl cyclase with MDD. In another very large GWAS comprising 
9240 MDD subjects and 9519 controls failed to correlate any 
single nucleotide polymorphism (SNP) with MDD [16]. It has 
been suggested that dysregulation of central serotonergic system 
palys a major role in the pathogenesis of major depression [17]. 
Thus in search of candidate genes for MDD, researches have been 
mainly focused on genes associated with serotonergic system 
[13]. The Serotonin (5-HT) transporter gene SLC6A4 is widely 
distributed both in central and peripheral nervous system. 
The major function of the SLC6A4 gene product i.e. serotonin 
transporter (SERT) is to reuptake of 5-HT from the synaptic 
cleft. This reuptake of 5-HT is important for the the modulation 
of strength and duration of 5-HT mediated neurotransmission. 
Furthermore, transport of 5-HT from the synaptic cleft to 
the presynaptic neuron also assists in its reutilization [18]. 
There are two polymorphic regions in SLC6A4 gene. One of 
them called serotonin transporter linked polymorphic region 
(5-HTTLPR) lies 1400bp upstream of the transcription start 
site of SLC6A4 and contains repeated copies of 20-23bp. The 
most common forms include 14 and 16 repeats called short(s) 
and long(l) alleles respectively. The ‘s’ allele possesses lower 
transcriptional activity than ‘l’ allele. 5-HTTLPR has been 
reported to be associated with many psychiatric disorders 
like anxiety, bipolar disorder, schizophrenia, depression in 
the presence of adversities [19]. However, a meta-analysis 
of the interaction of serotonin transporter gene 5-HTTLPR 
and stressful life events on depression revealed that neither 
5-HTTLPR polymorphism nor the interaction of life stresses 
with the 5-HTTLPR genotype contributed to depression [20]. 
Recurrences of depressive episode are very common in MDD 
patients [21]. Recently one study [22], that was conducted on 
1000 MDD patients, revealed that glucocorticoid receptor (GR) 
and mineral ocorticoid receptor (MR) gene polymorphism were 
not associated with the recurrence of depression. Overall this 
study could not establish any consistent association between 
GR and MR gene polymorphism, interaction between GR and 
MR haplotypes and stressful conditions and recurrence of 
MDD. Possibly these polymorphisms might be associated with 
onset of MDD. Out of several thousands of genes expressed in 
brain, candidate gene studies provided little convincing support 
for the involvement of any candidate gene in MDD [23]. It is 
possible that numerous loci with small effects can interact 
epistatically with each other and with environmental factors in 
the etiology of depression. Some important genes in this respect 
are the genes for serotonin transporter, angiotensin-converting 
enzyme, 10-methylenetetrahydrofolate reductase, tryptophan 
hydroxylase, brain-derived neurotrophic factor (BDNF), 
catechol-O-methyl transferase, phospholipase A2, glucocorticoid 
receptor (GR) etc. [13,23].

Gene Silencing by DNA Methylation and its Induction 
by Stress

DNA methylation involves the transfer of a methyl group in 
the 5- position of the cytoscine residue in a CpG dinucleotide. The 
reaction is catalyzed by a group of enzymes called DNA methyl 
transferases (DNMTs). In mammals out of three enzymatically 
active forms of DNMTs, DNMT1 is required for maintaining 
methylation after each cell division; while DNMT3a and DNMT3b 
are responsible for de novo methylation during development 
and differentiation [24]. In case of mammals, methylation 
at promoter and enhancer genes cause the silencing of gene 
expressions in two ways. In the first mechanism, methyl groups 
interfere the binding of transcription factors in the regulatory 
regions and block the transcription of a gene thereby. In the 
second mechanism, methyl CpG binding protein 2 (MeCP2) can 
recognize and bind to methylated DNA in promoter and suppress 
the transcription [19]. Although for some genes DNA methylation 
is tissue specific, there are many genes which showed similar 
DNA methylation pattern in peripheral cells and brain [19]. Since 
it is nearly impossible to study the brain epigenetic pattern by 
using brain tissues, from living subjects peripheral epigenetic 
patterns using blood, buccal tissue, saliva samples have been 
used to correlate the epigenetic pattern of the brain [25]. The 
methylation process may begin with an ‘epigenator’ that may 
include a cascade of events in which release of glucocorticoid in 
response to environmental stress via an intracellular signaling 
pathway can recruit an ‘epigenetic initiator’ such as a DNA 
binding factor. Example of such an epigenetic initiator is REST 
protein which is neuron specific and contains a zinc domain 
that recognizes a specific DNA sequence for the establishment 
of the epigenetic pathway. The epigenetic initiator also recruits 
an ‘epigenetic maintainer such as DNMT for the methylation of 
DNA [26].

Multiple Evidences Link Depression with DNA 
Methylation of Genes Induced by Adverse 
Environmental Exposures 

Stressful or traumatic life events, especially in the early 
phases of life are strongly associated with the development of 
many psychiatric illnesses including depression [27]. Recent 
evidences suggest that social psychological stresses may cause 
the methylation of selected genes or their promoters and alter 
the gene expressions relevant to diseases [10-12]. It had been 
observed that low level of maternal licking and grooming in rats led 
to higher cytosine methylation in the promoter of glucocorticoid 
receptor gene NR3C1 in the hippocampal neurons causing the 
reduced synthesis of GR. As GR causes the feed-back inhibition 
hypothalamic-pituitary-adrenal (HPA) axis, reduced synthesis of 
this steroid receptor cause the hyperactivation of this axis leading 
to depression [28,29]. In case of human, postmortem brain 
samples of suicide victims with the history of childhood abuses 
exhibited enhanced DNA methylation in promoter of NR3C1 exon 
accompanied by lower expression of the GR in hippocampus [30]. 
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Bipolar disorder, in which patients exhibit depression and manic 
episodes also display aberrant methylation in the promoters 
of the genes relevant to depression. For example, in one study 
methylation status of NR3C1 gene promoter was assessed in 
patients with bipolar disorder having the history of childhood 
traumatic experiences such as sexual, physical and emotional. It 
was revealed that increase in traumatic events were associated 
with higher percent of NR3C1 methylation in blood leucocytes 
in these patients. Among the various maltreatments, emotional 
abuse was most significantly associated with methylation [31]. 
Brain-derived neurotrophic factor (BDNF) plays an important 
role in the survival and maintenance of the neurons of the central 
nervous system (CNS) [32]. BDNF binds to specific tyrosine 
kinase receptor namely, tropomyosin-related kinase B receptor 
(trkB) and initiates signaling cascade to regulate many aspects 
of neuron developments such as neurite outgrowth, synthesis 
of differentiating factors and morphological plasticity. In adults, 
BDNF maintains neural homeostasis and is involved in neuronal 
plasticity as well as learning and memory [33]. Thus lack of BDNF 
may impair cognitive function leading to depression. Recently 
many studies have revealed that DNA methylation of BDNF 
gene is linked to pathogenesis of depression as this epigenetic 
change reduces the synthesis of BDNF. It has been seen that 
adverse environmental circumstances can downregulate BDNF 
expression by the methylation of BDNF exon. For example, 
traumatic stress experiences such as continuous psychological 
stresses caused the hypermethylation of the BDNF exon IV 
and reduced the expression of this neurotropic factor in the 
CA1 region of hippocampus in post-traumatic stress disorder 
(PTSD)-like rats [34]. Furthermore, increased DNA methylation 
at the BDNF promoter IV in the hippocampus of adult mice had 
been associated with depression like behaviors [35]. In one 
study comparison of BDNF promoter methylation and cortical 
thickness was made between the patients with recurrent MDD 
and healthy controls. It was revealed that compared to controls, 
various regions of prefrontal cortex (PFC) such as orbitofrontal 
cortex, middle frontal cortex etc. were thinner in MDD patients 
accompanied by higher methylation in BDNF promoter [36]. 
Since PFC is associated with higher cognitive functions like 
encoding memory, intelligence, language, planning, decision 
making, prefrontal dysfunction due to its thinning might be 
responsible for depression [1]. In addition to the negative 
regulation of GR and BDNF expression by DNA methylation, this 
epigenetic mechanism also sheds light on its association with 
SLC6A4 gene expression that probably predisposes depression. 
It has been reported that lymphoblast cells exhibited increased 
methylation in the CpG island of the SLC6A4 gene promoter 
with reduced synthesis of SLC6A4 mRNA in the subjects with 
the history of depression [37]. In addition it had been found 
that depressive symptoms were more common among the 
adolescents with elevated buccal cell 5HTT methylation who 
carried 5HTTLPR short-allele [38]. In another study methylation 
status in the promoter of the gene SLC6A4 was measured in 
more than hundred patients with MDD. This study showed that 

childhood adversities was significantly associated with higher 
SLC6A4 promoter methylation [39].

Monozygotic (MZ) twins are assumed to be genetically 
identical and match exactly on age, and sex which eliminate their 
confounding effects in biological analysis. In addition, identical 
twins generally share common raising environment which also 
limitsthe confounding effects of early life experiences [40]. 
It has been suggested that some of the observed phenotypic 
differences between MZ twins may be the result of epigenetic 
factors [41,42]. In fact substantial epigenetic differences occur 
in the genome during the lifetime of MZ twins, due to dynamic 
nature of epigenetic processes. Differences in epigenetic patterns 
in genetically identical individuals could occur by the influence 
of many factors such as smoking habits, physical activity, or 
diet, that have been proposed to have a long-term influence 
on epigenetic modifications [43]. Such random epigenetic 
alterations may accumulate during the lifetime of two MZ twins, 
and could lead to profound changes in gene expression if the 
alterations present in regulatory regions of the genome [13]. 
In fact many differences in the methylation have been found in 
CpG sites of a number of genes in MZ twins such as dopamine 
D2 receptors, catechol-o-methyl –transferase genes etc. that 
are associated with psychiatric illness [44,45]. In a recent study 
association between SLC6A4 promoter methylation variation 
and variation in depressive symptoms was measured in many 
monozygotic twin pairs by using peripheral blood leucocytes. 
This study that revealed the variation in the methylation level 
within the promoter region of the SLC6A4 gene was associated 
with the variations of depressive symptoms in a large number 
of MZ twin pairs. Furthermore this relationship was not 
confounded by genetics and shared environment [40]. Thus the 
discordances of the depression phenotypes in MZ twins reflect 
that epigenetic modifications are of substantial importance in 
producing depression phenotypes. 

Discussion
Genetic analysis of MDD is recognized as one of the greatest 

challenging task confronted by the biologists (Figure 1). For 
some complex traits such as in schizophrenia a number of 
genetic loci have been detected [23]. However, many GWAS 
studies have failed to correlate significant association of any 
candidate genetic polymorphism and stressful life events with 
the MDD. Rather, it has been suggested that many small genetic 
loci can interact with each other and environment in the etiology 
of depression. Recently epigenetics has emerged as a candidate 
mechanism by which environmental cues can be translated into 
stable alterations in chromatin structure that ultimately lead 
to the persistent expression of altered gene program. There 
are some genes like 5-HT receptor, BDNF, GR whose repression 
can give rise to depression. A plethora of recent researches 
deciphered that environmental adversities may cause the 
methylation of the gene promoters/genes leading to depression. 
A number of experimental and postmortem studies using brain 
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samples, as well as studies using peripheral tissues of have 
confirmed this association. In our speculation complex etiology 
of MDD probably involves many phenomena of which epigenetic 
change in the form of DNA methylation plays a major role. In 
essence, pathogenesis of MDD can be viewed as combined effects 

of adverse environmental conditions, epistatic interactions of 
many genes with small effects and DNA methylation at a large 
scale.

Figure 1: Complex etiology of MDD in which DNA methylation plays a vital role.

References
1. Basak AK, Chatterjee T (2016) Structural and Neurochemical 

Alterations in Brain Regions of Depression and Suicide Patients. Clin 
Depress 2: 117.

2. Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, et al. (2003) Influence 
of life stress on depression: moderation by a polymorphism in the 
5-HTT gene. Science 301(5631): 386-389.

3. Handy DE, Castro R, Loscalzo J (2011) Epigenetic modifications: basic 
mechanisms and role in cardiovascular disease. Circulation 123(19): 
2145-2156. 

4. Chen D, Meng L, Pei F, Zheng Y, Leng J (2017) A review of DNA 
methylation in depression. J Clin Neurosci 43: 39-46.

5. Bakusic J, Schaufeli W, Claes S, Godderis L (2017) Stress, burnout and 
depression: A systematic review on DNA methylation mechanisms. J 
Psychosom Res 92: 34-44.

6. Hackett JA, Surani MA (2013) DNA methylation dynamics during the 
mammalian life cycle. Philos Trans R Soc Lond B Biol Sci 368(1609): 
20110328. 

7. Lv J, Liu H, Su J, Wu X, Liu H, et al. (2012) Disease Meth: a human 
disease methylation database. Nucleic Acids Res 40(Database issue): 
D1030-D1035.

8. Kandi V, Vadakedath S (2015) Effect of DNA Methylation in Various 
Diseases and the Probable Protective Role of Nutrition: A Mini-Review. 
Cureus 7(8): e309.

9. Walker RM, Sussmann JE, Whalley HC, Ryan NM, Porteous DJ, et al. 
(2016) Preliminary assessment of pre-morbid DNA methylation in 
individuals at high genetic risk of mood disorders. Bipolar Disord 
18(5): 410-422. 

10. Oberlander TF, Weinberg J, Papsdorf M, Grunau R, Misri S, et al. (2008) 
Prenatal exposure to maternal depression, neonatal methylation of 
human glucocorticoid receptor gene (NR3C1) and infant cortisol stress 
responses. Epigenetics 3(2): 97-106.

11. McGowan PO, Sasaki A, D’Alessio AC, Dymov S, Labonté B, et al. (2009) 
Epigenetic regulation of the glucocorticoid receptor in human brain 
associates with childhood abuse. Nat Neurosci 12(3): 342-348.

12. Bollati V, Baccarelli A, Sartori S, Tarantini L, Motta V, et al. (2010) 
Epigenetic effects of shiftworkon blood DNA methylation. Chronobiol 
Int 27(5): 1093-1104.

13. Mill J, Petronis A (2007) Molecular studies of major depressive 
disorder: the epigenetic perspective. Mol Psychiatry 12(9): 799-814. 

14. Sullivan PF, Neale MC, Kendler KS (2000) Genetic epidemiology of 
major depression: review and meta-analysis. Am J Psychiatry 157(10): 
1552-1562.

15. Wray NR, Pergadia ML, Blackwood DH, Penninx BW, Gordon SD, et al. 
Genome-wide association study of major depressive disorder: new 
results meta-analysis, and lessons learned. Mol Psychiatry 17: 36-48.

16. Ripke S, Wray NR, Lewis CM, Hamilton SP, Weissman MM, et al. (2013) 
A mega-analysis of genome- wide association studies for major 
depressive disorder. Mol Psychiatry 18: 497-511.

http://dx.doi.org/10.19080/GJIDD.2017.03.555621
https://www.omicsonline.org/open-access/structural-and-neurochemical-alterations-in-brain-regions-of-depression-and-suicide-patients-.php?aid=79563
https://www.omicsonline.org/open-access/structural-and-neurochemical-alterations-in-brain-regions-of-depression-and-suicide-patients-.php?aid=79563
https://www.omicsonline.org/open-access/structural-and-neurochemical-alterations-in-brain-regions-of-depression-and-suicide-patients-.php?aid=79563
https://www.ncbi.nlm.nih.gov/pubmed/12869766
https://www.ncbi.nlm.nih.gov/pubmed/12869766
https://www.ncbi.nlm.nih.gov/pubmed/12869766
https://www.ncbi.nlm.nih.gov/pubmed/21576679
https://www.ncbi.nlm.nih.gov/pubmed/21576679
https://www.ncbi.nlm.nih.gov/pubmed/21576679
https://www.ncbi.nlm.nih.gov/pubmed/28645747
https://www.ncbi.nlm.nih.gov/pubmed/28645747
https://www.ncbi.nlm.nih.gov/pubmed/27998510/
https://www.ncbi.nlm.nih.gov/pubmed/27998510/
https://www.ncbi.nlm.nih.gov/pubmed/27998510/
https://www.ncbi.nlm.nih.gov/pubmed/23166392/
https://www.ncbi.nlm.nih.gov/pubmed/23166392/
https://www.ncbi.nlm.nih.gov/pubmed/23166392/
https://www.ncbi.nlm.nih.gov/pubmed/22135302
https://www.ncbi.nlm.nih.gov/pubmed/22135302
https://www.ncbi.nlm.nih.gov/pubmed/22135302
https://www.ncbi.nlm.nih.gov/pubmed/26430583
https://www.ncbi.nlm.nih.gov/pubmed/26430583
https://www.ncbi.nlm.nih.gov/pubmed/26430583
https://www.ncbi.nlm.nih.gov/pubmed/27440233
https://www.ncbi.nlm.nih.gov/pubmed/27440233
https://www.ncbi.nlm.nih.gov/pubmed/27440233
https://www.ncbi.nlm.nih.gov/pubmed/27440233
https://www.ncbi.nlm.nih.gov/pubmed/18536531
https://www.ncbi.nlm.nih.gov/pubmed/18536531
https://www.ncbi.nlm.nih.gov/pubmed/18536531
https://www.ncbi.nlm.nih.gov/pubmed/18536531
https://www.ncbi.nlm.nih.gov/pubmed/19234457
https://www.ncbi.nlm.nih.gov/pubmed/19234457
https://www.ncbi.nlm.nih.gov/pubmed/19234457
https://www.ncbi.nlm.nih.gov/pubmed/20636218
https://www.ncbi.nlm.nih.gov/pubmed/20636218
https://www.ncbi.nlm.nih.gov/pubmed/20636218
https://www.ncbi.nlm.nih.gov/pubmed/17420765
https://www.ncbi.nlm.nih.gov/pubmed/17420765
https://www.ncbi.nlm.nih.gov/pubmed/11007705
https://www.ncbi.nlm.nih.gov/pubmed/11007705
https://www.ncbi.nlm.nih.gov/pubmed/11007705
https://www.ncbi.nlm.nih.gov/pubmed/21042317
https://www.ncbi.nlm.nih.gov/pubmed/21042317
https://www.ncbi.nlm.nih.gov/pubmed/21042317
https://www.ncbi.nlm.nih.gov/pubmed/22472876
https://www.ncbi.nlm.nih.gov/pubmed/22472876
https://www.ncbi.nlm.nih.gov/pubmed/22472876


How to cite this article: Tridip C, Ashim K B. Dna Methylation: The Essential Link between Environmental Adversities and Major Depressive Disorder. 
Glob J Intellect Dev Disabil. 2017; 3(5): 555621. DOI: 10.19080/GJIDD.2017.03.55562100117

Global Journal of Intellectual & Developmental Disabilities

17. Golden RN, Heine AD, Ekstrom RD, Bebchuk JM, Leatherman ME, et al. 
(2002) A longitudinal study of serotonergic function in depression. 
Neuropsychopharmacology 26(5): 653-659.

18. Torres GE, Gainetdinov RR, Caron MG (2003) Plasma membrane 
monoamine transporters: structure, regulation and function. Nat Rev 
Neurosci 4(1): 13-25.

19. Booij L, Wang D, Lévesque ML, Tremblay RE, Szyf M (2013) Looking 
beyond the DNA sequence: the relevance of DNA methylation processes 
for the stress-diathesis model of depression. Philos Trans R Soc Lond B 
Biol Sci 368(1615): 20120251.

20. Risch N, Herrell R, Lehner T, Liang KY, Eaves L, et al. (2009) Interaction 
between the serotonin transporter gene (5-HTTLPR), stressful life 
events, and risk of depression: a meta-analysis. JAMA 301(23): 2462-
2471.

21. Burcusa SL, Iacono WG (2007) Risk for Recurrence in Depression. Clin 
Psychol Rev 27(8): 959-985.

22. Hardeveld F, Spijker J, Peyrot WJ, de Graaf R, Hendriks SM, et al. (2015) 
Glucocorticoid and mineralocorticoid receptor polymorphisms and 
recurrence of major depressive disorder. Psychoneuroendocrinology 
55: 154-63.

23. Flint J, Kendler KS (2014) The genetics of major depression. Neuron 
81(3): 484-503.

24. Dorts F, Falisse E, Schoofs E, Flamion E, Kestemont P, et al. (2016) DNA 
methyltransferases and stress-related genes expression in zebrafish 
larvae after exposure to heat and copper during reprogramming of 
DNA methylation. Sci Rep 6: 34254.

25. Langie SAS, Moisse M, Declerck K, Koppen G, Godderis L, et al. (2017) 
Salivary DNA methylation profiling: aspects to consider for biomarker 
identification. Basic Clin Pharmacol Toxicol 121(Suppl 3): 93-101.

26. Stankiewicz AM, Swiergiel AH, Lisowski P (2013) Epigenetics of stress 
adaptations in the brain. Brain Res Bull 98: 76-92.

27. Menke A, Elisabeth B (2014) Binder. Epigenetic alterations in 
depression and antidepressant treatment. Dialogues Clin Neurosci 
16(3): 395-404.

28. Weaver IC, Cervoni N, Champagne FA, D’Alessio AC, Sharma S, et al. 
(2004) Epigenetic programming by maternal behavior. Nat Neurosci 
7: 847-854.

29. Kim D, Kubzansky LD, Baccarelli A, Sparrow D, Spiro A, et al. (2017) 
Psychological factors and DNA methylation of genes related to 
immune/inflammatory system markers: the VA Normative Aging 
Study. BMJ Open 6(1): e009790.

30. McGowan PO, Sasaki A, D’Alessio AC, Dymov S, Labonté B, et al. (2009) 
Epigenetic regulation of the glucocorticoid receptor in human brain 
associates with childhood abuse. Nat Neurosci 12(3): 342-348.

31. Perroud N, Dayer A, Piguet C, Nallet A, Favre S, et al. (2014) Childhood 
maltreatment and methylation of the glucocorticoid receptor gene 
NR3C1 in bipolar disorder. Br J Psychiatry 204(1): 30-35.

32. Dwivedi Y (2009) Brain-derived neurotrophic factor: role in depression 
and suicide. Neuropsychiatr Dis Treat 5: 433-449.

33. Keller S, Sarchiapone M, Zarrilli F, Videtic A, Ferraro A, et al. (2010) 
Increased BDNF promoter methylation in the Wernicke area of suicide 
subjects. Arch Gen Psychiatry 67(3): 258-267.

34. Roth TL, Zoladz PR, Sweatt JD, Diamond DM (2011) Epigenetic 
modification of hippocampal Bdnf DNA in adult rats in an animal model 
of post-traumatic stress disorder. J Psychiatr Res 45(7): 919-926.

35. Onishchenko N, Karpova N, Sabri F, Castrén E, Ceccatelli S, et al. (2008) 
Long-lasting depression-like behavior and epigenetic changes of BDNF 
gene expression induced by perinatal exposure to methylmercury. J 
Neurochem106(3): 1378-1387.

36. Na KS, Won E, Kang J, Chang HS, Yoon HK, et al. (2016) Brain-derived 
neurotrophic factor promoter methylation and cortical thickness in 
recurrent major depressive disorder. Sci Rep 6: 21089.

37. Philibert RA, Sandhu H, Hollenbeck N, Gunter T, Adams W, et al. 
(2008) The relationship of 5HTT (SLC6A4) methylation and genotype 
on mRNA expression and liability to major depression and alcohol 
dependence in subjects from the Iowa Adoption Studies. Am J Med 
Genet B Neuropsychiatr Genet 147B(5): 543-549.

38. Olsson CA, Foley DL, Parkinson-Bates M, Byrnes G, McKenzie M, et 
al. (2010) Prospects for epigenetic research within cohort studies of 
psychological disorder: a pilot investigation of a peripheral cell marker 
of epigenetic risk for depression. Biol Psychol 83(2): 159-165. 

39. Kang HJ, Kim JM, Stewart R, Kim SY, Bae KY, et al. (2013) Association of 
SLC6A4 methylation with early adversity, characteristics and outcomes 
in depression. Prog Neuropsychopharmacol Biol Psychiatry 44: 23-28.

40. Zhao J, Goldberg J, Bremner JD, Vaccarino V (2013) Association between 
promoter methylation of serotonin transporter gene and depressive 
symptoms: a monozygotic twin study. Psychosom Med 75(6): 523-529. 

41. Kato T, Iwamoto K, Kakiuchi C, Kuratomi G, Okazaki Y (2005) Genetic or 
epigenetic difference causing discordance between monozygotic twins 
as a clue to molecular basis of mental disorders. Mol Psychiatry 10: 
622-630.

42. Wong AH, Gottesman II, Petronis A (2005) Phenotypic differences in 
genetically identical organisms: the epigenetic perspective. Hum Mol 
Genet 14: R11–R18.

43. Fraga MF, Ballestar E, Paz MF, Ropero S, Setien F, et al. (2005) Epigenetic 
differences arise during the lifetime of monozygotic twins. Proc Natl 
Acad Sci USA 102(30): 10604-10609.

44. Petronis A, Gottesman II, Kan P, Kennedy JL, Basile VS, et al. (2003) 
Monozygotic twins exhibit numerous epigenetic differences: clues to 
twin discordance? Schizophr Bull 29(1): 169-178.

45. Mill J, Dempster E, Caspi A, Williams B, Moffitt T, et al. (2006) Evidence 
for monozygotic twin (MZ) discordance in methylation level at two 
CpG Sites in the promoter region of the Catechol- O-Methyltransferase 
(COMT) gene. Am J Med Genet B Neuropsychiatr Genet 141B(4): 421-
425.

http://dx.doi.org/10.19080/GJIDD.2017.03.555621
https://www.ncbi.nlm.nih.gov/pubmed/11927190
https://www.ncbi.nlm.nih.gov/pubmed/11927190
https://www.ncbi.nlm.nih.gov/pubmed/11927190
https://www.ncbi.nlm.nih.gov/pubmed/12511858
https://www.ncbi.nlm.nih.gov/pubmed/12511858
https://www.ncbi.nlm.nih.gov/pubmed/12511858
https://www.ncbi.nlm.nih.gov/pubmed/23440465/
https://www.ncbi.nlm.nih.gov/pubmed/23440465/
https://www.ncbi.nlm.nih.gov/pubmed/23440465/
https://www.ncbi.nlm.nih.gov/pubmed/23440465/
https://www.ncbi.nlm.nih.gov/pubmed/19531786
https://www.ncbi.nlm.nih.gov/pubmed/19531786
https://www.ncbi.nlm.nih.gov/pubmed/19531786
https://www.ncbi.nlm.nih.gov/pubmed/19531786
https://www.ncbi.nlm.nih.gov/pubmed/17448579/
https://www.ncbi.nlm.nih.gov/pubmed/17448579/
https://www.ncbi.nlm.nih.gov/pubmed/25765757
https://www.ncbi.nlm.nih.gov/pubmed/25765757
https://www.ncbi.nlm.nih.gov/pubmed/25765757
https://www.ncbi.nlm.nih.gov/pubmed/25765757
https://www.ncbi.nlm.nih.gov/pubmed/24507187
https://www.ncbi.nlm.nih.gov/pubmed/24507187
https://www.ncbi.nlm.nih.gov/pubmed/27731414/
https://www.ncbi.nlm.nih.gov/pubmed/27731414/
https://www.ncbi.nlm.nih.gov/pubmed/27731414/
https://www.ncbi.nlm.nih.gov/pubmed/27731414/
https://www.ncbi.nlm.nih.gov/pubmed/27901320
https://www.ncbi.nlm.nih.gov/pubmed/27901320
https://www.ncbi.nlm.nih.gov/pubmed/27901320
https://www.ncbi.nlm.nih.gov/pubmed/23906660
https://www.ncbi.nlm.nih.gov/pubmed/23906660
https://www.ncbi.nlm.nih.gov/pubmed/25364288/
https://www.ncbi.nlm.nih.gov/pubmed/25364288/
https://www.ncbi.nlm.nih.gov/pubmed/25364288/
https://www.ncbi.nlm.nih.gov/pubmed/15220929
https://www.ncbi.nlm.nih.gov/pubmed/15220929
https://www.ncbi.nlm.nih.gov/pubmed/15220929
http://bmjopen.bmj.com/content/6/1/e009790
http://bmjopen.bmj.com/content/6/1/e009790
http://bmjopen.bmj.com/content/6/1/e009790
http://bmjopen.bmj.com/content/6/1/e009790
https://www.ncbi.nlm.nih.gov/pubmed/19234457
https://www.ncbi.nlm.nih.gov/pubmed/19234457
https://www.ncbi.nlm.nih.gov/pubmed/19234457
https://www.ncbi.nlm.nih.gov/pubmed/23743517
https://www.ncbi.nlm.nih.gov/pubmed/23743517
https://www.ncbi.nlm.nih.gov/pubmed/23743517
https://www.ncbi.nlm.nih.gov/pubmed/19721723/
https://www.ncbi.nlm.nih.gov/pubmed/19721723/
https://www.ncbi.nlm.nih.gov/pubmed/20194826
https://www.ncbi.nlm.nih.gov/pubmed/20194826
https://www.ncbi.nlm.nih.gov/pubmed/20194826
https://www.ncbi.nlm.nih.gov/pubmed/21306736
https://www.ncbi.nlm.nih.gov/pubmed/21306736
https://www.ncbi.nlm.nih.gov/pubmed/21306736
https://www.ncbi.nlm.nih.gov/pubmed/18485098
https://www.ncbi.nlm.nih.gov/pubmed/18485098
https://www.ncbi.nlm.nih.gov/pubmed/18485098
https://www.ncbi.nlm.nih.gov/pubmed/18485098
https://www.nature.com/articles/srep21089
https://www.nature.com/articles/srep21089
https://www.nature.com/articles/srep21089
https://www.ncbi.nlm.nih.gov/pubmed/17987668
https://www.ncbi.nlm.nih.gov/pubmed/17987668
https://www.ncbi.nlm.nih.gov/pubmed/17987668
https://www.ncbi.nlm.nih.gov/pubmed/17987668
https://www.ncbi.nlm.nih.gov/pubmed/17987668
https://www.ncbi.nlm.nih.gov/pubmed/20018225
https://www.ncbi.nlm.nih.gov/pubmed/20018225
https://www.ncbi.nlm.nih.gov/pubmed/20018225
https://www.ncbi.nlm.nih.gov/pubmed/20018225
https://www.ncbi.nlm.nih.gov/pubmed/23333376
https://www.ncbi.nlm.nih.gov/pubmed/23333376
https://www.ncbi.nlm.nih.gov/pubmed/23333376
https://www.ncbi.nlm.nih.gov/pubmed/23766378
https://www.ncbi.nlm.nih.gov/pubmed/23766378
https://www.ncbi.nlm.nih.gov/pubmed/23766378
https://www.ncbi.nlm.nih.gov/pubmed/15838537
https://www.ncbi.nlm.nih.gov/pubmed/15838537
https://www.ncbi.nlm.nih.gov/pubmed/15838537
https://www.ncbi.nlm.nih.gov/pubmed/15838537
https://www.ncbi.nlm.nih.gov/pubmed/15809262
https://www.ncbi.nlm.nih.gov/pubmed/15809262
https://www.ncbi.nlm.nih.gov/pubmed/15809262
https://www.ncbi.nlm.nih.gov/pubmed/16009939
https://www.ncbi.nlm.nih.gov/pubmed/16009939
https://www.ncbi.nlm.nih.gov/pubmed/16009939
https://www.ncbi.nlm.nih.gov/pubmed/12908672
https://www.ncbi.nlm.nih.gov/pubmed/12908672
https://www.ncbi.nlm.nih.gov/pubmed/12908672
https://www.ncbi.nlm.nih.gov/pubmed/16583437
https://www.ncbi.nlm.nih.gov/pubmed/16583437
https://www.ncbi.nlm.nih.gov/pubmed/16583437
https://www.ncbi.nlm.nih.gov/pubmed/16583437
https://www.ncbi.nlm.nih.gov/pubmed/16583437


How to cite this article: Tridip C, Ashim K B. Dna Methylation: The Essential Link between Environmental Adversities and Major Depressive Disorder. 
Glob J Intellect Dev Disabil. 2017; 3(5): 555621. DOI: 10.19080/GJIDD.2017.03.55562100118

Global Journal of Intellectual & Developmental Disabilities

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                   Track the below URL for one-step submission 
        https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/GJIDD.2017.03.555621

http://dx.doi.org/10.19080/GJIDD.2017.03.555621
  https://juniperpublishers.com/online-submission.php
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.19080/GJIDD.2017.03.555621

	Title
	Abstract
	Keywords
	Introduction
	Controversies Over the Etiology of Depression due to Gene-Environment Interactions
	Gene Silencing by DNA Methylation and its Induction by Stress
	Multiple Evidences Link Depression with DNA Methylation of Genes Induced by Adverse Environmental Ex
	Discussion

