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IntroductionStress represents the major precipitating factor in psychiatric disorders (Pittenger and Duman,2008), but its effect on brain function depends on the timing and duration of the adverseexperience. In particular the negative influence exerted by early life events on braindevelopment can be particularly relevant for later psychopathology since they will impact onbrain structures that are not yet mature (Fumagalli et al., 2007). Indeed, humans exposed tomaltreatment early in life show an increased risk of developing psychiatric diseases (Heim et al.,2004).The effects of early perinatal adversities in adulthood have been investigated through differentexperimental animal models, mainly based on the interference in mother-pup interaction. Suchmanipulations are thought to reproduce, to some extent, the potential risks associated with lackor reduced maternal care. In animals, the prolonged separation from the mother, namelymaternal deprivation (MD), produces, later in life, anxiety and depression-related behaviors aswell as deficits in cognitive functions (Gutman and Nemeroff, 2002; Ladd et al., 2000; Newport etal., 2002; Sanchez et al., 2001). At molecular level, alterations have been observed in theprogramming of the HPA axis function and in the regulation of neuroplastic molecules(Calabrese et al., 2011; Fumagalli et al., 2007). In this regard, previous studies conducted in ourlab have demonstrated that single or repeated MD produced a significant reduction in theexpression of the neurotrophin brain-derived neurotrophic factor (BDNF) in adulthood (Roceriet al., 2004; Roceri et al., 2002).Moreover, mounting evidence indicates that the response to an adverse event is significantlyaffected by the presence of a genetic background of vulnerability, underlying the gene-environment interaction as a key feature in psychiatry (Caspi et al., 2010). Among the candidategenes investigated in this field, the polymorphism of the human 5-HTT gene (5-HTT linkedpolymorphic region: 5-HTTLPR) (Murphy and Lesch, 2008) that generates two different allelicvariants, the long (L) and the short (S) (Lesch et al., 1996), has proved of particular interest.Specifically, the short variant is directly associated to neuroticism (Lesch et al., 1996) and mayenhance depression susceptibility following interaction with stressful events (Caspi et al., 2003;Karg et al., 2011; Munafo et al., 2009), suggesting that different gene variants of 5-HTT mayinfluence development, functionality and responsiveness of different brain systems andcircuitries. Since this polymorphism is not found in rodents, different animal models have beengenerated in which the function and the expression of the gene has been altered (Caspi et al.,2010). Serotonin transporter (SERT) knockout rats show depression- and anxiety-relatedbehaviors (Olivier et al., 2008) and reduced levels of neuroplastic molecular molecules(Calabrese et al., 2010; Guidotti et al., 2012; Molteni et al., 2010).On these bases, in this study we investigated the impact of chronic maternal separation on theexpression of the total form of Bdnf and of the 3’UTR long transcripts Bdnf in adult heterozygousas well as homozygous SERT knockout rats. The analysis were carried out in key brain regions,namely the ventral and dorsal hippocampus, two different hippocampal sub regions withdifferent anatomical connectivity and functional implications (Fanselow and Dong, 2010), theventromedial and dorsomedial prefrontal cortex (Myers-Schulz and Koenigs, 2012) and thecentral nucleus of the amigdala (CeA).



Materials and Methods
Animals
Serotonin transporter knockout rats and maternal deprivation stress paradigmSerotonin transporter knockout Wistar rats (Slc6a41Hubr) were generated by ENU-inducedmutagenesis (Smits et al., 2006). All subjects were bred and reared in the Central AnimalLaboratory of the Radboud University Nijmegen Medical Centre in Nijmegen, The Netherlands.Experimental animals were derived from crossing heterozygous (SERT+/-) knockout rats thatwere out crossed for 8 generations. After weaning at the age of 21 days, ear cuts were taken forgenotyping. Animals were supplied with food and water ad libitum and were kept on a 12 h: 12 hdark–light cycle (lights on at 6:00 a.m.). From postnatal day 2 to postnatal day 14 rats (SERT+/+;SERT+/-; SERT-/-) were separated from their mothers for 3 hours a day, while rats from thecontrol groups (SERT+/+; SERT+/-; SERT-/-) were briefly handled during bedding change. After thismanipulation, all the animals underwent normal animal care and were sacrificed at adulthood.
Brain tissue collectionMale SERT-/-, SERT+/- rats, and their wild-type controls (SERT+/+), were sacrificed between 10and 11 a.m. at adulthood (PND 90). Brain regions of interest (dorsal and ventral hippocampus,ventromedial and dorsomedial prefrontal cortex and central amygdala) were rapidly dissected,frozen on dry ice and stored at -80 C for later analyses. Dorsal hippocampus corresponds toplates 26-33 (from Bregma -2.12 to Bregma -3.80), while ventral hippocampus corresponds toplates 34-43 (from Bregma -4.16 to Bregma -6.30) according to the atlas of Paxinos and Watson(1996). Ventromedial prefrontal cortex (IL cortex) and dorsomedial prefrontal cortex (PrLcortex) correspond to plates 9-11 (from Bregma 3.72 to Bregma 3.00) according to the atlas ofPaxinos and Watson (1996). Central amygdala (central amygdaloid nucleus, CeA) corresponds toplates 45-49 (from Bregma -1.44 to Bregma -1.92) according to the atlas of Paxinos and Watson(1996). The brain specimens were frozen on dry ice and stored at -80°C for further analysis. Allexperiments were carried out in accordance with the Guidelines laid down by the EuropeanCommunities Council Directive of 24 November 1986 (86/609/EEC).
RNA preparation and gene expression analysis by quantitative real time RT-PCRTotal RNA was isolated by single step of guanidinium isothiocyanate/phenol extraction usingPureZol RNA isolation reagent (Bio-Rad Laboratories s.r.l. Italia) according with themanufacturer’s instructions and quantified by spectrophotometric analysis. Following total RNAextraction, the samples were processed for real time retrotranscriptase polymerase chainreaction (RT-PCR). An aliquot of each sample was treated with DNase to avoid DNAcontamination. RNA was analyzed by TaqMan qRT-PCR instrument (CFX384 real time system,Bio-Rad Laboratories, Italy) using the iScriptTM one-step RT-PCR kit for probes (Bio-RadLaboratories). Samples were run in 384 well formats in triplicate as multiplexed reactions with anormalizing internal control (36B4).Thermal cycling was initiated with an incubation at 50°C for 10 min (RNA retrotranscription)and then at 95°C for 5 min (TaqMan polymerase activation). After this initial step, 39 cycles ofPCR were performed. Each PCR cycle consisted of heating the samples at 95°C for 10 s to enablethe melting process and then for 30 s at 60°C for the annealing and extension reactions. Acomparative cycle threshold (Ct) method was used to calculate the relative target geneexpression.
Statistical analysesThe effects of the genotype and of the maternal deprivation were analyzed with a two-wayanalysis of variance (ANOVA) followed by Single Contrast Post Hoc Test (SCPHT). Significancefor all tests was assumed for p<0.05. Data are presented as means  standard error (SEM). Forgraphic clarity, results are presented as mean percent of SERT+/+/No Stress rats.
Results
Modulation of total Bdnf expression in SERT mutant rats after exposure to maternal
deprivationWe initially investigated total Bdnf mRNA levels in different brain structures (Figure 1) from



wild type and SERT mutant animals exposed (or not) to maternal deprivation (MD) from PND2to PND14. We performed our analyses in different brain structures where BDNF as well asneuroplastic changes may contribute to functional alterations associated with mood disorders.In the ventral part of the hippocampus, which is involved in anxiety, fear and stress responses(Fig 1A), total Bdnf mRNA levels were influence by the total deletion of the SERT gene. Indeed,we observed a marked reduction in SERT-/- (-43%, p<0.05 vs SERT+/+/No Stress) but not inSERT+/- (-12%, p>0.05 vs SERT+/+/No Stress) rats. Moreover, MD exposure significantlydecreased its expression in SERT+/+ (-43%, p<0.05 vs SERT+/+/No Stress) as well as in SERT+/- (-44%, p<0.05 vs SERT+/-/No Stress) animals. Interestingly, in SERT-/- rats the reduction due to thegenetic background was not exacerbated by the early manipulation. Similar effects wereobserved also normalizing total Bdnf gene expression with other two housekeeping genes, the18s and the -actin (data not shown).Conversely, in the dorsal part of the hippocampus, which is mainly involved in spatial learningand memory (Fig 1B), SERT (total as well as partial) deletion did not affect the expression of theneurotrophin. Conversely, MD induced a selective and robust increase of total Bdnf geneexpression only in SERT+/- animals (+64%, p<0.05 vs SERT+/-/No Stress), without affecting it incontrol rats as well as in knockout SERT animals.In the ventromedial prefrontal cortex, a region structurally and functionally link to the ventralhippocampus, (Fig 1C) total Bdnf expression was decreased in SERT+/- (-39%, p<0.01 vsSERT+/+/No Stress) and SERT-/- rats (-33%, p<0.05 vs SERT+/+/No Stress). Moreover, followingexposure to MD, total Bdnf mRNA levels were significantly reduced in SERT+/+ animals (-46%,p<0.001 vs SERT+/+/No Stress), whereas the decreased neurotrophin expression in SERT+/- andSERT-/- animals was not worsened by the stress exposure.Similarly to what observed in the dorsal part of the hippocampus, in the dorsomedial prefrontalcortex (Fig 1D), we found only an effect of the maternal deprivation paradigm that induced an upregulation of total Bdnf mRNA levels specifically in SERT+/- animals (+33%, p<0.05 vs SERT+/-/NoStress).Lastly, in the central nucleus of the amygdala (CeA), we found an increase of the neurotrophingene expression at basal level, in SERT-/- compared to SERT+/+ rats (+52%, p=0.06) Moreover,exposure to MD markedly increased total Bdnf mRNA levels, but only in SERT+/+ rats (+122%,p<0.001 vs SERT+/+/No Stress).
Modulation of long 3’UTR Bdnf expression in SERT mutant rats after exposure to maternal
deprivationThe Bdnf gene is characterized by the presence of two different polyadenilation sites at the3’UTR (Pruunsild et al., 2011) giving rise to a short and a long transcript forms. Since the short3’-UTR mRNAs are restricted to the somata, whereas the long 3’UTR mRNAs are also localized indendrites (An et al., 2008), it is feasible that this two forms have different physiologicalsignificance, why, besides the total Bdnf, we decided also to measured the long 3’UTR forms.In the ventral hippocampus (Fig 2A), we did not observe any effect of the genotype, whereasmaternal deprivation produced a significant decrease of long 3’UTR Bdnf mRNA levelsspecifically in SERT+/- animals (-36%, p<0.01 vs SERT+/-/No Stress).On the contrary, in the dorsal hippocampus (Fig 2B), gene expression of long 3’UTR Bdnf was upregulated both in maternal deprived-SERT+/- (+30%, p<0.05 vs SERT+/-/No Stress) and maternaldeprived-SERT-/- animals (+44%, p<0.05 vs SERT-/-/No Stress).In the ventromedial prefrontal cortex (Fig. 2C), long 3’UTR Bdnf mRNA levels were significantlyreduced in SERT-/- animals (-40%, p<0.05 vs SERT+/+/No Stress), whereas the early adversemanipulation decreased its expression only in SERT+/+ rats (-29%, p<0.05 vs SERT+/+/No Stress).Differently, in the dorsomedial prefrontal cortex (Fig. 2D) only the genotype influenced thelevels of the long 3’UTR Bdnf transcript that were significantly up-regulated in SERT+/- rats(+40%, p<0.05 vs SERT+/+/No Stress).Finally, in the CeA (Fig. 2E), maternal deprivation, significantly increased the long 3’UTR BdnfmRNA levels, but only in SERT+/+ animals (+72%, p<0.001 vs SERT+/+/No Stress), whereas nochange were observed in the SERT+/- and in the SERT-/- animals, which showed increased levels



of this pool of the neurotrophin already at basal levels (+44%, p<0.05; +61%, p<0.01; vsSERT+/+/No Stress, respectively).
Summary1) Total Bdnf expression levels were reduced both by the genotype and by MD in the ventralhippocampus and in the ventromedial prefrontal cortex, but not in the dorsal hippocampus,in the dorsomedial prefrontal cortex and in the central nucleus of the amygdala.2) In the ventral hippocampus and in the ventromedial prefrontal cortex the exposure to MDsignificantly decreased the expression of total Bdnf in wild type rats, but it did not worsen theeffect due to the genotype.3) In the dorsal hippocampus and in the dorsomedial prefrontal cortex, MD specificallyincreased the gene expression of total Bdnf in SERT+/- rats.4) In the central nucleus of the amygdala, the exposure to the early life stress manipulationsignificantly increased Bdnf expression only in wild type animals.5) Some of the effects observed regarding the expression of total Bdnf were paralleled by similareffects regarding the expression of the Bdnf 3’UTR long.
ReferencesAn, J. J., et al., 2008. Distinct role of long 3' UTR BDNF mRNA in spine morphology and synapticplasticity in hippocampal neurons. Cell. 134, 175-87.Calabrese, F., et al., 2010. Long-Term duloxetine treatment normalizes altered brain-derivedneurotrophic factor expression in serotonin transporter knockout rats through themodulation of specific neurotrophin isoforms. Mol Pharmacol. 77, 846-53.Calabrese, F., et al., 2011. Antistress properties of antidepressant drugs and their clinicalimplications. Pharmacol Ther. 132, 39-56.Caspi, A., et al., 2010. Genetic sensitivity to the environment: the case of the serotonintransporter gene and its implications for studying complex diseases and traits. Am JPsychiatry. 167, 509-27.Caspi, A., et al., 2003. Influence of life stress on depression: moderation by a polymorphism inthe 5-HTT gene. Science. 301, 386-9.Fanselow, M. S., Dong, H. W., 2010. Are the dorsal and ventral hippocampus functionally distinctstructures? Neuron. 65, 7-19.Fumagalli, F., et al., 2007. Stress during development: Impact on neuroplasticity and relevance topsychopathology. Prog Neurobiol. 81, 197-217.Guidotti, G., et al., 2012. Developmental influence of the serotonin transporter on the expressionof npas4 and GABAergic markers: modulation by antidepressant treatment.Neuropsychopharmacology. 37, 746-58.Gutman, D. A., Nemeroff, C. B., 2002. Neurobiology of early life stress: rodent studies. Semin ClinNeuropsychiatry. 7, 89-95.Heim, C., et al., 2004. Importance of studying the contributions of early adverse experience toneurobiological findings in depression. Neuropsychopharmacology. 29, 641-8.Karg, K., et al., 2011. The serotonin transporter promoter variant (5-HTTLPR), stress, anddepression meta-analysis revisited: evidence of genetic moderation. Arch GenPsychiatry. 68, 444-54.Ladd, C. O., et al., 2000. Long-term behavioral and neuroendocrine adaptations to adverse earlyexperience. Prog Brain Res. 122, 81-103.Lesch, K. P., et al., 1996. Association of anxiety-related traits with a polymorphism in theserotonin transporter gene regulatory region. Science. 274, 1527-31.Molteni, R., et al., 2010. Reduced function of the serotonin transporter is associated withdecreased expression of BDNF in rodents as well as in humans. Neurobiol Dis. 37, 747-55.Munafo, M. R., et al., 2009. Gene X environment interactions at the serotonin transporter locus.Biol Psychiatry. 65, 211-9.



Murphy, D. L., Lesch, K. P., 2008. Targeting the murine serotonin transporter: insights intohuman neurobiology. Nat Rev Neurosci. 9, 85-96.Myers-Schulz, B., Koenigs, M., 2012. Functional anatomy of ventromedial prefrontal cortex:implications for mood and anxiety disorders. Mol Psychiatry. 17, 132-41.Newport, D. J., et al., 2002. Parental depression: animal models of an adverse life event. Am JPsychiatry. 159, 1265-83.Olivier, J. D., et al., 2008. A study in male and female 5-HT transporter knockout rats: an animalmodel for anxiety and depression disorders. Neuroscience. 152, 573-84.Pittenger, C., Duman, R. S., 2008. Stress, depression, and neuroplasticity: a convergence ofmechanisms. Neuropsychopharmacology. 33, 88-109.Pruunsild, P., et al., 2011. Identification of cis-elements and transcription factors regulatingneuronal activity-dependent transcription of human BDNF gene. J Neurosci. 31, 3295-308.Roceri, M., et al., 2004. Postnatal repeated maternal deprivation produces age-dependentchanges of brain-derived neurotrophic factor expression in selected rat brain regions.Biol Psychiatry. 55, 708-14.Roceri, M., et al., 2002. Early maternal deprivation reduces the expression of BDNF and NMDAreceptor subunits in rat hippocampus. Mol Psychiatry. 7, 609-16.Sanchez, M. M., et al., 2001. Early adverse experience as a developmental risk factor for laterpsychopathology: evidence from rodent and primate models. Dev Psychopathol. 13, 419-49.Smits, B. M., et al., 2006. Generation of gene knockouts and mutant models in the laboratory ratby ENU-driven target-selected mutagenesis. Pharmacogenet Genomics. 16, 159-69.
Figure legends

Fig.1 Modulation of total Bdnf expression by maternal deprivation in SERT+/+, SERT+/- and
SERT-/- rat brain.Total Bdnf mRNA levels were measured in the ventral hippocampus (A), dorsal hippocampus(B), ventromedial prefrontal cortex (C), dorsomedial prefrontal cortex (D) and central amygdala(E) of SERT+/+, SERT+/- and SERT-/- rats exposed to maternal deprivation stress paradigm. Thedata, expressed as a percentage of SERT+/+/No Stress (set at 100%), are the mean ± S.E.M. fromat least 5 independent determinations.*p<0.05, **p<0.01, ***p<0.001 vs SERT+/+/No Stress; # p<0.05 vs SERT+/-/No Stress (two-wayANOVA with SCPHT).
Fig.2 Modulation of long 3’UTR Bdnf expression by maternal deprivation in SERT+/+,
SERT+/- and SERT-/- rat brain.The long 3’UTR Bdnf mRNA levels were measured in the ventral hippocampus (A), dorsalhippocampus (B), ventromedial prefrontal cortex (C), dorsomedial prefrontal cortex (D) andcentral amygdala (E) of SERT+/+, SERT+/- and SERT-/- rats exposed to maternal deprivation stressparadigm. The data, expressed as a percentage of SERT+/+/No Stress (set at 100%), are themean±S.E.M. from at least 5 independent determinations.*p<0.05, **p<0.01, ***p<0.001 vs SERT+/+/No Stress; # p<0.05, ## p<0.01 vs SERT+/-/No Stress;$ p<0.05 vs SERT-/-/No Stress (two-way ANOVA with SCPHT).
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