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19 Abstract—Epidemiological studies have shown significant

results in the interaction between the functions of brain-

derived neurotrophic factor (BDNF) and 5-HT in mood disor-

ders, such as major depressive disorder (MDD). The latest

research has provided convincing evidence that gene tran-

scription of these molecules is a target for epigenetic

changes, triggered by stressful stimuli that starts in early

childhood and continues throughout life, which are subse-

quently translated into structural and functional phenotypes

culminating in depressive disorders. The short variants of

5-HTTLPR and BDNF-Met are seen as forms which are pre-

disposed to epigenetic aberrations, which leads individuals

to a susceptibility to environmental adversities, especially

when subjected to stress in early life. Moreover, the poly-

morphic variants also feature epistatic interactions in direct-

ing the functional mechanisms elicited by stress and

underlying the onset of depressive disorders. Also empha-

sized are works which show somemediators between stress

and epigenetic changes of the 5-HTT and BDNF genes, such

as the hypothalamic–pituitary–adrenal (HPA) axis and the

cAMP response element-binding protein (CREB), which is

a cellular transcription factor. Both the HPA axis and CREB

are also involved in epistatic interactions between polymor-

phic variants of 5-HTTLPR and Val66Met. This review

highlights some research studying changes in the epige-

netic patterns intrinsic to genes of 5-HTT and BDNF, which

are related to lifelong environmental adversities, which in

turn increases the risks of developing MDD. � 2014 Pub-

lished by Elsevier Ltd. on behalf of IBRO.
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35

36INTRODUCTION

37Major depressive disorder (MDD) is a serious and

38recurrent illness linked to diminished role functioning

39and quality of life, medical morbidity, and mortality

40(Hays et al., 1995; Spijker et al., 2004; Üstün et al.,

412004). In addition, the pathogenesis of depression and

42the action mechanisms of antidepressant drugs currently

43available are not yet clearly understood (Wong and

44Licinio, 2001; Leuchter et al., 2010).

45Multiple episodes of maltreatment during childhood,

46such as sexual abuse, physical neglect and family

47violence were correlated with an increased vulnerability

48to depression in adulthood (Vranceanu et al., 2007).

49Nevertheless, MDD seems to result from a complex inter-

50action between multiple inherited genetic factors and
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51 subsequent exposure to a wide variety of lifelong adverse

52 environmental events (aan het Rot et al., 2009).

53 Genetic epidemiological studies have assembled

54 convincing evidence that depression and other

55 psychiatric disorders are substantially influenced by

56 genetic factors, and that the genetic component is

57 highly complex, polygenic and epistatic. The idea that

58 genetic traits are a liability factor to disease also

59 supports the hypothesis that a genetic predisposition to

60 stress in critical stages of development may result in a

61 neurobiological phenotype which is vulnerable to stress

62 and may lower the threshold of an individual to the

63 development of depression when exposed to additional

64 stress (Lesch, 2004). The interaction between gene and

65 environment as predictors for the development of MDD

66 has been the subject of many recent studies, taking into

67 account that the adversities of life increase the risk of psy-

68 chiatric disorders in people with certain polymorphic vari-

69 ants of genes involved in the control of moodQ3 (Hariri and

70 Holmes, 2006).

71 5-HTTLPR, a genetic polymorphism in humans, is

72 associated with changes in the expression and function

73 of the serotonin transporter (SERT), and implicated in

74 some psychiatric disorders, as well as in MDD

75 (Ramasubbu, 2003). Besides the reduced transcriptional

76 activity, researches have observed that the short variant

77 of the polymorphism is related to a phenotype with

78 increased anxiety and increased amygdala response to

79 fearful stimuli (Hariri et al., 2002, 2005). In addition, the

80 research showed a high activation of the amygdala and

81 hippocampus in individuals who experienced lifelong

82 stress (Canli et al., 2006), compared with those homozy-

83 gous for the ‘‘L’’ allele.

84 Another genetic polymorphism that confers differences

85 in the reactions of individuals to aversive environmental

86 stimuli is the single-nucleotide polymorphism (SNP) of

87 the human BDNF (brain-derived neurotrophic factor)

88 gene, which substitutes a valine for a methionine at

89 position 66 in the prodomain of BDNF (Val66Met)

90 (Sarchiapone et al., 2008). Studies have shown that homo-

91 zygous and heterozygous humans and other animals,

92 which have a Met allele, are more susceptible to lifelong

93 adverse environmental effects and are resistant to treat-

94 ment with antidepressants (Jiang et al., 2005; Chen

95 et al., 2006). TheMet-BDNF variant is known to have lower

96 mRNA transcription and a smaller release of BDNF protein

97 in the hippocampus and other brain structures (Egan et al.,

98 2003). Moreover, the underlying structural and functional

99 mechanisms and antidepressant therapy appears to

100 depend, at least in part, on the brains’ plasticity promoted

101 by BDNF (Lyons et al., 1999; Sairanen et al., 2005; Bath

102 et al., 2012). Although the effects of various classes of anti-

103 depressants are acute in their sites of action, their thera-

104 peutic benefits require chronic drug administration.

105 These drug characteristics suggest that the response to

106 chronic treatment with antidepressants requires structural

107 and functional adaptations in the affected nervous system

108 regions, notably in the hippocampus. Structural plasticity,

109 neurogenesis and increases in the numbers of mossy

110 fibers within the hippocampus may be involved in

111 responses to chronic treatment, as well as with electrocon-

112vulsive therapy and drugs Q4(Gombos et al., 1999; Vaidya

113et al., 1999a,b; Malberg et al., 2000).

114A noteworthy point is that 5-HTTLPR and Val66Met

115polymorphisms have epistatic effects, and variant

116BDNF-Met and S-5-HTTLPR exhibit synergism in

117directing the behavioral phenotype associated with MDD

118in patients undergoing environmental adversities

119throughout life (Kaufman et al., 2006; Clasen et al.,

1202011). The interaction of genetic polymorphisms and

121environmental factors suggest that some polymorphic

122variants are more susceptible to epigenetic changes,

123and therefore more prone to developing psychiatric disor-

124ders, such as MDD. For example, S-5-HTTLPR exhibited

125a tendency toward increased methylation of CpG islands

126associated with the 5-HTT gene and also MDD (Philibert

127et al., 2008). Another feature that makes the interpretation

128of the results complex and challenging is that epigenetic

129patterns undergo changes according to the differing brain

130regions, and thus confer differences in the expression of

131mRNA and proteins between the limbic structures

132involved in behaviors that are influenced by stress

133(Lagopoulos and Bennett, 2014).

134The aim of this review is to analyze the survey data that

135show epigenetic alterations involved in the structural and

136functional variations of SERT and BDNF in humans and

137other animals subjected to lifelong environmental

138adversities. A special focus will be given to the epistatic

139interactions between 5-HTT and BDNF genes, and more

140so to the polymorphic variants, 5-HTTLPR and Val66Met.

141In addition, this review also includes a consideration for

142the involvement of the hypothalamic–pituitary–adrenal

143(HPA) axis and other mechanisms that mediate the

144functions of SERT and serotonin, as well as to BDNF in

145the limbic structures involved in the manifestations of

146anxiety and depression.

147SEROTONIN (5-HT) AND SERT
148POLYMORPHISM

1495-HT is a major neurotransmitter in the mammalian central

150nervous system, and is released in various central nervous

151system areas from specific neurons whose cell bodies are

152almost exclusively located in the raphe nuclei of the

153brainstem, and in the innervate multiple cortical regions.

1545-HT modulates various physiological activities,

155including; thermoregulation, cardiovascular and

156respiratory functions, food intake, the sleep–wake cycle,

157nociception, cognition and sexual behavior, as well as a

158wide repertoire of emotional behaviors (Hoyer et al.,

1592002). In addition to their prominent role as a neurotrans-

160mitter, 5-HT plays an important role in brain development

161by regulating cell survival and synaptogenesis (Gaspar

162et al., 2003).

163The removal of 5-HT from the synaptic cleft is

164mediated by a single protein, the SERT, which

165determines the magnitude and duration of the

166serotonergic responses, and therefore plays a key role

167in 5-HT neurotransmission (Lesch and Mossner, 1998).

168SERT is a membrane protein that is responsible for

169serotonin uptake from the extracellular medium in synap-

170tic clefts, into the pre-sympathetic neuronal terminal,
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