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Endogenous retroviruses (ERVS) are genetic elements resulting from relics of ancestral infection of germline cells, now
recognized in human as cofactors in the etiology of several complex diseases as neurodevelopmental disorders. Autism
spectrum disorders, attention deficit hyperactivity disorders, and schizophrenia are neurodevelopmental disorders,
currently attributed to the interplay among genetic vulnerability, environmental risk factors, and maternal immune
activation. The role of ERVs in human embryogenesis, their intrinsic responsiveness to external stimuli, and the
interaction with the immune system support the involvement of ERVs in the derailed neurodevelopmental process.
Although definitive proofs that ERVs are involved in neurobehavioral alterations are still lacking, both preclinical models
and human studies indicate that the abnormal expression of ERVs could represent a neurodevelopmental disorders-
associated biological trait.
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| 1. Mouse Endogenous Retroviruses

The completion of the human genome project [[1]] has allowed the subsequent important discovery that more than half
was composed of mobile genomic elements, named transposable elements [@,B]. Among them, DNA transposons move
by a cut-and-paste mechanism [#]], while retrotransposons mobilize by a copy-and-paste mechanism via an RNA
intermediate []. The retrotransposons comprise long terminal repeats (LTR)-elements, namely human endogenous
retroviruses (HERVs) [[@], and non-LTR elements, which include long and short interspersed nuclear elements (LINEs and
SINEs, respectively) [[@]. LINEs, moving autonomously, are widely spread within the genome [1] and also supply reverse
transcriptase for the retro transposition of other endogenous retroelements [&l]. HERVs are derived from their exogenous
retroviral counterpart by a process of germline infection and proliferation within the host genome [[¥,29], and their
integration as proviruses led to the fixation and the vertical transmission, following Mendelian laws [1Y]. Endogenous
retrovirus sequences are highly represented within the mammalian genomes, as they account for 5% to 10% of the
genetic material [1,12]] in different species [12]].

The mouse genome also harbors LINEs and SINEs that are sources of germline mutations via new insertions [14! 1] and
contains numerous groups of retrotranspositionally active ERVs that cause the most reported insertional mutations [141].
ERVs constitute about 10% of the genome and are typically classified into three classes (class I, Il, and Ill), according to
the similarity to the exogenous viral counterpart [12,14]]. The majority of ERVs loci exist only as solitary LTRs, as the
result of recombination events, and some of ERVs lost coding capability due to mutational degradation, occurred during
evolution [14]. Nevertheless, some of them are retrotranspositionally active, leading to germline mutations via new
integration events [[12]]. Particularly, the intracisternal A-particle (IAP) is responsible for the most reported mutations due to
new ERVs insertions, with a substantial contribution of the early transposon (ETn)/mouse endogenous proviruses (MusD)
ERVs group [2]]. IAP sequences belong to class Il and are highly abundant in the mouse genome [4]]. Aithough some
IAP elements contain an env gene, most of them have lost env and adopt an intracellular retrotranspositional life cycle
[181], resulting in the accumulation of high copy numbers in the genome [(14]. Elevated IAP transcripts have been reported
during embryogenesis (see Rowe and Trono, 2011, for a comprehensive review) [18]] as well as in differentiated tissues,
particularly in the thymus [2]]. Of note, in lymphoid tissues, somatic insertions of IAP can lead to oncogene or cytokine
gene activation [29,[21]]. Moreover, it is known that IAP can influence the transcriptional profile of nearby genes, providing
functional promoter elements and modulating local epigenetic landscape through changes in DNA methylation and histone
modifications [24]. In addition to IAPs, the ETn/MusD group is responsible for the next highest number of germline
mutations. ETns have no coding capacity, and their retrotransposition is mediated by the coding competent MusD
elements [23]. As for IAPs, these elements also encode strictly intracellular virus-like particles since they lack the env
gene [24]]. During the embryogenesis, the expression analysis demonstrated that ETn and MusD are highly transcribed
[18], and they are responsive to embryonic transcription factors [[22l]. Moreover, in mouse embryogenesis, several
complex regulatory networks are responsible for the modulation of retroelements, and, in turn, the development is



controlled by their temporal and spatial activity. Particularly, IAP elements are carried from the oocyte into early embryos,
degraded and then peak again at the blastocyst stage, until the IAP sequences undergo DNA methylation. Conversely,
MusD/ETn are highly transcribed in post-implantation embryos [8]]. Moreover, two murine env genes, each present at a
single copy and phylogenetically unrelated to human syncytins, are expressed in the placenta, where they exhibit a
fusogenic activity contributing to the syncytiotrophoblast development [28]]. The conservation of their coding status
suggested that their function is most probably similar to that of the human syncytins since mice knockout for either of the
two syncytin genes displayed impaired placental trophoblast fusion [Z4]. Furthermore, more recent data demonstrated the
involvement of syncytins in the cell—cell fusion of myoblast in mice [28]] and of ex vivo human osteoclasts [22]] suggesting
their crucial role in different host physiologic processes.

| 2. Animal Models of Autism

Animal models are crucial tools to deeply understand the human Autism spectrum disorders (ASD), as they allow the
investigation of the pathways and the pathophysiological processes involved, to explore the brain district, mostly
inaccessible in humans, and to evaluate the potential translational value of peripheral biomarkers. Several types of ASD
animal models have been developed, including those obtained by genetic manipulations, by using behavioral screening of
inbred strains of mice to find an ASD-like phenotype and by prenatal exposure to chemicals or infection/inflammation (see
Ergaz et al., 2016 for a comprehensive review) [29]. Genetic models consist of mutagenesis or knockout of various
isolated genes that are thought to be involved in the pathology of both syndromic and non-syndromic ASD, such as FMR1
(Fragile X syndrome), NF1 (Neurofiboromatosis type 1), TSC1l (Tuberous sclerosis), DHCR7 (Smith—Lemli—Opitz
syndrome), MeCP2 (Rett syndrome), and of genes known to be associated to high risk of ASD, such as SHANK2,
CNTNAP2, eukaryotic translation initiation factor 4E (elF4E), transgenic mouse targeting Oxytocin, Vasopressin, Reelin,
Dishevelled-1, Sert (serotonin transporter), MAOA (monoamine oxidase A), HOXA1, PTEN, and Neuroligins [2%]. On the
other side, unknown genetic changes able to induce ASD-like phenotype in animals, in turn, may bring into light similar
changes in humans.

Using behavioral screening, the BTBR T+tf/J (BTBR) inbred mice were identified, as they showed several traits relevant to
ASD, such as impairments in social and communication domains, reduced cognitive flexibility, and high levels of repetitive

behaviors. For this idiopathic ASD model, the inbred C57BL6/J mice have usually been used as a standard control strain
e,

Based on epidemiological studies in humans concerning the association between prenatal infections with increased risk
for ASD, other animal models were developed by the prenatal exposure to compounds that stimulate the maternal
immune activation (MIA), such as the polyinosinic-polycytidylic acid [Poly(1:C)] or the lipopolysaccharide (LPS) to mimic
viral and bacterial infection, respectively [32[23]]. In rodents, MIA leads to a dysregulation of the immune system in
offspring and the acquisition of an autistic-like phenotype until adulthood, and, similar to what is observed in ASD children,
interleukin (IL)-6 was supposed to be acting through inhibition of DNA methylation [24]]. Notably, by a single poly(l:C)
injection, the offspring of the first generation showed an autistic-like phenotype that persists via the paternal lineage, in the
second and third generation, without any further intervention [22]]. The type of changes that are transmitted through the
generations (transgenerational inheritance) are not yet clarified. Nevertheless, a key role played by the immune system
could be supposed. Accordingly, an apparent rescue of the behavioral abnormalities was obtained by the administration of
neutralizing antibodies against IL-6 and IL-17 [[24] [38]]. Moreover, following MIA induction, several other cytokines, such as
Tumor necrosis factor-alpha (TNF-a), Interferon-B (IFN-B), and IL-1p, were found overexpressed, but not the anti-
inflammatory 1L-10 [71].

Based on the clinical evidence, prenatal exposure to valproic acid (VPA) has been proposed as a drug-induced model of
ASD in rodents [28] since in humans, the maternal intake of the anticonvulsant VPA has been associated with an
increased risk of somatic anomalies, ASD, and other developmental disabiliies in the offspring [2,%]. Multiple
mechanisms are called upon to explain the effects of VPA: direct interference with GABAergic neurotransmission,
interaction with neural remodeling and neurogenesis, modulation of folate metabolism, free radicals’ production,
interference with cell proliferation/migration patterns and alterations of inflammatory and immunologic markers [[41],[42] [43]
(44] [45]) Animal studies demonstrated that VPA also acts on the regulation of gene expression via epigenetic mechanisms,
since it is a non-selective inhibitor of histone deacetylase of class | and Il (HDAC1 and HDAC2), resulting in the
modulation of several genes and proteins implicated in neuronal excitation and inhibition and in brain and immune system
development [142][46] [47] [48}) The prenatal exposure to VPA in mice and rats leads to the acquisition of behavioral traits
that resemble those observed in autistic patients (decreased social interactions, increased repetitive/stereotypic
behaviors, lower sensitivity to pain, impaired sensorimotor gating or eye blink conditioning, increased anxiety, reduced



exploratory behavior and abnormally high and longer-lasting fear memories), depending on dose and time of exposure
[49]]. Moreover, Choi and co-authors showed the transgenerational non-genetic inheritance of the ASD-like phenotype in
mice prenatally exposed to VPA [22],

| 3. Evidence of Abnormal ERVs Activity in Mouse Models of Autism

Recently, our group investigated the transcriptional activity of different ERVs, including members of ETn and IAP families,
in two models of ASD, the BTBR mice and the CD-1 outbred mice exposed to VPA in utero [21]. In both animal models,
beginning from intrauterine life and up to adulthood, higher ERVs levels were found in BTBR and VPA-treated animals
than in corresponding controls. Particularly, in BTBR mice, the transcriptional activity of ERVs was already altered in
whole embryos samples and maintained in both blood and brain samples analyzed at different postnatal ages, suggesting
that a long-lasting activation of ERVs could affect brain functions throughout the life span. In the VPA model, ERVs activity
was modified immediately after drug administration both in pregnant dams (personal, unpublished data) and in embryos,
suggesting a direct and rapid effect of VPA. Abnormal expression of ERV has also been found in the offspring (first
generation, F1) immediately after the birth, both in blood and brain, but high levels, stable until adulthood, were observed
only in the brain from VPA-treated mice (Figure 1). In the VPA-induced ASD model, the differences in ERVs expression
observed in the two tissues could be attributed to the different cell turnover. In fact, the rapid turnover of blood cells can
dilute the VPA effect on the ERVs transcription in these cells, while, since the cellular turnover in the brain is slow/absent,
the VPA can induce a permanent increase in ERVs expression, similarly to those found in BTBR mice. Moreover, in both
models, the expression of some ERVs families was found to be positively correlated with expression levels of
proinflammatory cytokines (IL-1B3, IL-6, and TNF-a) and Toll-Like Receptor3 (TLR3) and TLR4 in embryos and brain,
supporting the hypothesis of the interplay between ERVs activity and immune response [B1]] (Figure 1).
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to pregnant dam (F)
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High levels of ERVs and cytokines in embryos
and in blood and brain samples from F1
likely via epigenetic changes
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Figure 1. The abnormal endogenous retroviruses (ERVs) and cytokines expression from intrauterine life to adulthood in
the first generation (F;) prenatally exposed to valproic acid (VPA) could be due to the drug-induced epigenetic changes.
ERVs activity (red lines) and cytokines expression (light blue lines) were represented both for VPA- and vehicle-treated
mice.



4. Recent Findings on the Transgenerational Inheritance of the Abnormal
ERVs Expression in a Mouse Model of Autism: the Conceivable
Underpinning Mechanisms

Recently, the abnormal expression of ERVs observed in mice prenatally exposed to VPA has also been demonstrated
across generations until the third one that lacks direct exposure to the drug, in parallel with the transmission of behavioral
alterations [52]. Notably, larger VPA effects on ERVs expression was found in females within the first generation (F;) and
along maternal lineages in the second and third generation (F, and F3, respectively) [232]. The vulnerability of the female
sex could be due to the larger epigenetic effect of prenatal VPA exposure reported in female fetal brains, associated with
sexually dimorphic methylation of H3K4 induced by VPA [(23]],

The transgenerational transmission of altered ERVs expression could be due to the activity of VPA as a direct HDAC
inhibitor, inducing a histone hyperacetylation, but also to its ability to trigger other epigenetic changes, such as histone
methylation and DNA demethylation [24]. The administration of the drug during pregnancy could modify the global
epigenetic status of the first and also of the second generation (F,), present in the embryos of the first generation as
germline cells. The VPA-induced epigenetic changes would then be fixed in F, and transmitted to the next generation (F3),
the first that lacks a direct exposure to the drug [22]. Other mechanism by which ERVs deregulation could be trans
generationally transmitted comprises the acquisition of a newly modified genotype by the increased copy humber of ERVs
(Figure 2). This hypothesis is in agreement with evidence in the literature, showing that ERVs in mice can cooperate with
each other and with non-ERV elements (such as LINEs) by complementation in trans, increasing their intrinsic capability
to retrotranspose [12 B8] and their proviral copy number. The reintegration of ERVs would lead to the emergence of
polymorphisms, as shown in the human genome for HERV-H and HERV-K (HML2) [4 58] without differences in the
polymorphism rate between sexes for HERV-K [22]. Moreover, the copy number of Human endogenous retrovirus W/
Multiple Sclerosis-associated retrovirus was found to be increased in patients with multiple sclerosis and influenced by
gender and disease severity as well as Copy Number Variation (CNV) of LINE-1 was found in schizophrenia (SCZ)
patients [24 69 The reintegration of ERVs in the host genome could also contribute to genetic instability and the
appearance of chromosome rearrangements, deletions, and duplications according to the detection of CNV and somatic
mutation in ASD and SCZz [ [62l]. The increase in copy number of ERVs could also explain the more marked effect that
prenatal exposure to VPA exerts on ERVs expression in females than males: oocytes persist long in life while
spermatozoids life is short and their high turnover could dilute the effect of the drug.
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Figure 2. Transgenerational inheritance of altered ERVs activity in the VPA-induced mouse models of autism spectrum
disorders (ASD), potentially involved mechanisms. VPA exposure of the pregnant dam (Fg) leads a direct insult to the
fetus (F1) and to germ cells that will generate the F, generation, while the F3 is the first generation not directly exposed.
Transgenerational transmission of abnormal ERVs expression induced by VPA could be due to changes in the epigenetic
status or of the ERVs copy number variation in the genome.

Transgenerational studies on ASD in preclinical models provide new perspectives in ASD susceptibility, by which autistic
traits seem to be inherited in subsequent generations after the first exposure to an insult, thus supporting the view that
epigenetic inheritance could play a role in the development and heritabilty of ASD and more generally in
neurodevelopmental disorders.

The publication can be found here: https://www.mdpi.com/1422-0067/20/23/6050/html



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

International Human Genome Sequencing Consortium; Initial sequencing and analysis of the human genome. Nature
2001, 409, 860-921, 10.1038/35057062.

. Cédric Feschotte; Clément Gilbert; Endogenous viruses: insights into viral evolution and impact on host biology. Nature

Reviews Microbiology 2012, 13, 283-296, 10.1038/nrg3199.

. Haig H. Kazazian; John V. Moran; Mobile DNA in Health and Disease. New England Journal of Medicine 2017, 377,

361-370, 10.1056/nejmral510092.

. Rebeca Campos-Sanchez; Aurélie Kapusta; Cédric Feschotte; Francesca Chiaromonte; Kateryna D. Makova; Genomic

landscape of human, bat, and ex vivo DNA transposon integrations.. Molecular Biology and Evolution 2014, 31, 1816-
1832, 10.1093/molbev/msul38.

. Dustin C. Hancks; Haig H. Kazazian; Roles for retrotransposon insertions in human disease.. Mobile DNA 2016, 7,9, 1

0.1186/s13100-016-0065-9.

. George Kassiotis; Jonathan P. Stoye; Making a virtue of necessity: the pleiotropic role of human endogenous

retroviruses in cancer.. Philosophical Transactions of the Royal Society B: Biological Sciences 2017, 372, 20160277, 1
0.1098/rsth.2016.0277.

. Kazuhiko Ohshima; RNA-Mediated Gene Duplication and Retroposons: Retrogenes, LINEs, SINEs, and Sequence

Specificity. International Journal of Evolutionary Biology 2013, 2013, 424726, 10.1155/2013/424726.

. Kathleen H. Burns; Jef D. Boeke; Human transposon tectonics.. Cell 2012, 149, 740-752, 10.1016/j.cell.2012.04.019.

. Robert Belshaw; Vini Pereira; Aris Katzourakis; Gillian Talbot; Jan Paces; Austin Burt; Michael Tristem; Long-term

reinfection of the human genome by endogenous retroviruses. Proceedings of the National Academy of Sciences 2004,
101, 4894-4899, 10.1073/pnas.0307800101.

Norbert Bannert; Reinhard Kurth; The Evolutionary Dynamics of Human Endogenous Retroviral Families. Annual
Review of Genomics and Human Genetics 2006, 7, 149-173, 10.1146/annurev.genom.7.080505.115700.

Michael Bock; Jonathan P Stoye; Endogenous retroviruses and the human germline.. Current Opinion in Genetics &
Development 2000, 10, 651-655, 10.1016/s0959-437x(00)00138-6.

Mouse Genome Sequencing Consortium; Initial sequencing and comparative analysis of the mouse genome. Nature
2002, 420, 520-562, 10.1038/nature01262.

Elisabeth Herniou; Joanne Martin; Karen Miller; James Cook; Mark Wilkinson; Michael Tristem; Retroviral Diversity and
Distribution in Vertebrates. Journal of Virology 1998, 72, 5955-5966, https://www.ncbi.nlm.nih.gov/pubmed/9621058.

C. Stocking; C. A. Kozak; Murine endogenous retroviruses. Cellular and Molecular Life Sciences 2008, 65, 3383-3398,
10.1007/s00018-008-8497-0.

Irina A. Maksakova; Mark T. Romanish; Liane Gagnier; Catherine A. Dunn; Louie N. Van De Lagemaat; Dixie L. Mager;
Retroviral Elements and Their Hosts: Insertional Mutagenesis in the Mouse Germ Line. PLOS Genetics 2006, 2, €2, 1
0.1371/journal.pgen.0020002.

David Ribet; Francis Harper; Anne Dupressoir; Marie Dewannieux; Gerard Pierron; Thierry Heidmann; An infectious
progenitor for the murine IAP retrotransposon: Emergence of an intracellular genetic parasite from an ancient
retrovirus. Genes & Development 2008, 18, 597-609, 10.1101/gr.073486.107.

Gkikas Magiorkinis; Robert J. Gifford; Aris Katzourakis; Joris De Ranter; Robert Belshaw; Env-less endogenous
retroviruses are genomic superspreaders.. Proceedings of the National Academy of Sciences 2012, 109, 7385-7390, 1
0.1073/pnas.1200913109.

Helen M. Rowe; Didier Trono; Dynamic control of endogenous retroviruses during development. Virology 2011, 411,
273-287, 10.1016/j.virol.2010.12.007.

E L Kuff; 3 W Fewell; Intracisternal A-particle gene expression in normal mouse thymus tissue: gene products and
strain-related variability.. Molecular and Cellular Biology 1985, 5, 474-483, 10.1128/mcb.5.3.474.

XY Wang; L S Steelman; J A McCubrey; Abnormal activation of cytokine gene expression by intracisternal type A
particle transposition: effects of mutations that result in autocrine growth stimulation and malignant transformation..

G Howard; R Eiges; F Gaudet; R Jaenisch; A Eden; Activation and transposition of endogenous retroviral elements in
hypomethylation induced tumors in mice. Oncogene 2007, 27, 404-408, 10.1038/sj.0nc.1210631.

Jafar Sharif; Yoichi Shinkai; Haruhiko Koseki; Is there a role for endogenous retroviruses to mediate long-term adaptive
phenotypic response upon environmental inputs?. Philosophical Transactions of the Royal Society B: Biological



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sciences 2013, 368, 20110340-20110340, 10.1098/rstb.2011.0340.

David Ribet; Marie Dewannieux; Thierry Heidmann; An active murine transposon family pair: Retrotransposition of
“master” MusD copies and ETn trans-mobilization. Genes & Development 2004, 14, 2261-2267, 10.1101/9r.2924904.

David Ribet; Francis Harper; Marie Dewannieux; Gérard Pierron; Thierry Heidmann; Murine MusD Retrotransposon:
Structure and Molecular Evolution of an “Intracellularized” Retrovirusv. Journal of Virology 2006, 81, 1888-1898, 10.112
8/JVI1.02051-06.

Irina A. Maksakova; Dixie L. Mager; Transcriptional Regulation of Early Transposon Elements, an Active Family of
Mouse Long Terminal Repeat Retrotransposonst. Journal of Virology 2005, 79, 13865-13874, 10.1128/JV1.79.22.1386
5-13874.2005.

Anne Dupressoir; Geoffroy Marceau; Cécile Vernochet; Laurence Bénit; Colette Kanellopoulos; Vincent Sapin; Thierry
Heidmann; Syncytin-A and syncytin-B, two fusogenic placenta-specific murine envelope genes of retroviral origin
conserved in Muridae. Proceedings of the National Academy of Sciences 2005, 102, 725-730, 10.1073/pnas.04065091
02.

Anne Dupressoir; Cécile Vernochet; Francis Harper; Justine Guégan; Philippe Dessen; Gérard Pierron; Thierry
Heidmann; A pair of co-opted retroviral envelope syncytin genes is required for formation of the two-layered murine
placental syncytiotrophoblast. Proceedings of the National Academy of Sciences 2011, 108, E1164-E1173, 10.1073/pn
as.1112304108.

Francois Redelsperger; Najat Raddi; Agathe Bacquin; Cécile Vernochet; Virginie Mariot; Vincent Gache; Nicolas
Blanchard-Gutton; Stéphanie Charrin; Laurent Tiret; Julie Dumonceaux; et al. Genetic Evidence That Captured
Retroviral Envelope syncytins Contribute to Myoblast Fusion and Muscle Sexual Dimorphism in Mice. PLOS Genetics
2016, 12, €1006289, 10.1371/journal.pgen.1006289.

Kent Sge; Anne-Sofie Hobolt-Pedersen; Jean-Marie Delaisse; The elementary fusion modalities of osteoclasts. Bone
2015, 73, 181-189, 10.1016/j.bone.2014.12.010.

Zivanit Ergaz; Liza Weinstein-Fudim; Asher Ornoy; Liza Fudim-Weinstein; Genetic and non-genetic animal models for
autism spectrum disorders (ASD). Reproductive Toxicology 2016, 64, 116-140, 10.1016/j.reprotox.2016.04.024.

Maria Luisa Scattoni; Laura Ricceri; Jacqueline N. Crawley; Unusual repertoire of vocalizations in adult BTBR T+tf/J
mice during three types of social encounters.. Genes, Brain and Behavior 2011, 10, 44-56, 10.1111/j.1601-183X.2010.
00623.x.

Golan Hava; Lev Vered; Mazar Yael; Hallak Mordechai; Huleihel Mahoud; Alterations in behavior in adult offspring mice
following maternal inflammation during pregnancy. Developmental Psychobiology 2006, 48, 162-168, 10.1002/dev.201
16.

Natalia V. Malkova; Collin Z. Yu; Elaine Y. Hsiao; Marlyn J. Moore; Paul H. Patterson; Maternal immune activation
yields offspring displaying mouse versions of the three core symptoms of autism.. Brain, Behavior, and Immunity 2012,
26, 607-616, 10.1016/j.bbi.2012.01.011.

Stephen E. P. Smith; Jennifer Li; Krassimira Garbett; Karoly Mirnics; Paul H. Patterson; Maternal immune activation
alters fetal brain development through interleukin-6.. The Journal of Neuroscience 2007, 27, 10695-10702, 10.1523/JN
EURQOSCI.2178-07.2007.

Ulrike Weber-Stadlbauer; Juliet Richetto; M A Labouesse; Johannes Bohacek; | M Mansuy; U Meyer;
Transgenerational transmission and modification of pathological traits induced by prenatal immune activation.
Molecular Psychiatry 2016, 22, 102-112, 10.1038/mp.2016.41.

Gloria B. Choi; Yeong S. Yim; Helen Wong; Sangdoo Kim; Hyunju Kim; Sangwon V. Kim; Charles A. Hoeffer; Dan R.
Littman; Jun R. Huh; The maternal interleukin-17a pathway in mice promotes autism-like phenotypes in offspring..
Science 2016, 351, 933-939, 10.1126/science.aad0314.

lohanna Deckmann; Gustavo Brum Schwingel; Mellanie Fontes-Dutra; Victorio Bambini-Junior; Carmem Goittfried;
Neuroimmune Alterations in Autism: A Translational Analysis Focusing on the Animal Model of Autism Induced by
Prenatal Exposure to Valproic Acid.. Neuroimmunomodulation 2018, 25, 285-299, 10.1159/000492113.

George C. Wagner; Kenneth R. Reuhl; Michelle Cheh; Paulette McRae; Alycia K. Halladay; A New Neurobehavioral
Model of Autism in Mice: Pre- and Postnatal Exposure to Sodium Valproate. Journal of Autism and Developmental
Disorders 2006, 36, 779-793, 10.1007/s10803-006-0117-y.

Jakob Christensen; Therese Koops Grgnborg; Merete Juul Sgrensen; Diana Schendel; Erik Thorlund Parner; Lars
Henning Pedersen; Mogens Vestergaard; Prenatal valproate exposure and risk of autism spectrum disorders and
childhood autism.. JAMA 2013, 309, 1696-1703, 10.1001/jama.2013.2270.




40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Rebecca Louise Bromley; George E Mawer; Maria Briggs; Christopher Cheyne; Jill Clayton-Smith; Marta Garcia-
Fifiana; Rachel Kneen; Sam B Lucas; Rebekah Shallcross; G. A. Baker; et al. The prevalence of neurodevelopmental
disorders in children prenatally exposed to antiepileptic drugs.. Journal of Neurology, Neurosurgery & Psychiatry 2013,
84, 637-643, 10.1136/jnnp-2012-304270.

Asher Ornoy; Valproic acid in pregnancy: How much are we endangering the embryo and fetus?. Reproductive
Toxicology 2009, 28, 1-10, 10.1016/j.reprotox.2009.02.014.

E. Kolozsi; R.N. MacKenzie; F.I. Roullet; D. Decatanzaro; J.A. Foster; Prenatal exposure to valproic acid leads to
reduced expression of synaptic adhesion molecule neuroligin 3 in mice. Neuroscience 2009, 163, 1201-1210, 10.1016/
j.neuroscience.2009.07.021.

Nadia Kazlauskas; Marcos Campolongo; Luciana Lucchina; Cecilia Zappala; Amaicha Mara Depino; Postnatal
behavioral and inflammatory alterations in female pups prenatally exposed to valproic acid. Psychoneuroendocrinology
2016, 72, 11-21, 10.1016/j.psyneuen.2016.06.001.

Jean-Bernard Manent; Isabel Jorquera; lolanda Mazzucchelli; Antoine Depaulis; Emilio Perucca; Yehezkel Ben-Ari;
Alfonso Represa; Fetal Exposure to GABA-Acting Antiepileptic Drugs Generates Hippocampal and Cortical Dysplasias.
Epilepsia 2007, 48, 684-693, 10.1111/j.1528-1167.2007.01056.x.

Tomasz Schneider; Adam Roman; Agnieszka Basta-Kaim; Marta Kubera; Bogustawa Budziszewska; Karolina
Schneider; Ryszard Przewtocki; Gender-specific behavioral and immunological alterations in an animal model of autism
induced by prenatal exposure to valproic acid. Psychoneuroendocrinology 2008, 33, 728-740, 10.1016/j.psyneuen.200
8.02.011.

Mamoru Fukuchi; Takuya Nii; Naoki Ishimaru; Aya Minamino; Daichi Hara; Ichiro Takasaki; Akiko Tabuchi; Masaaki
Tsuda; Valproic acid induces up- or down-regulation of gene expression responsible for the neuronal excitation and
inhibition in rat cortical neurons through its epigenetic actions. Neuroscience Research 2009, 65, 35-43, 10.1016/j.neur
€s.2009.05.002.

Catherine E. Barrett; Thomas M. Hennessey; Katelyn M. Gordon; Steve J. Ryan; Morgan L. McNair; Kerry J. Ressler;
Donald G. Rainnie; Developmental disruption of amygdala transcriptome and socioemotional behavior in rats exposed
to valproic acid prenatally. Molecular Autism 2017, 8, 42, 10.1186/s13229-017-0160-x.

Takuya Kawanai; Yukio Ago; Ryo Watanabe; Aya Inoue; Atsuki Taruta; Yusuke Onaka; Shigeru Hasebe; Hitoshi
Hashimoto; Toshio Matsuda; Kazuhiro Takuma; et al. Prenatal Exposure to Histone Deacetylase Inhibitors Affects Gene
Expression of Autism-Related Molecules and Delays Neuronal Maturation. Neurochemical Research 2016, 41, 2574-
2584, 10.1007/s11064-016-1969-y.

Chiara Nicolini; Margaret Fahnestock; The valproic acid-induced rodent model of autism. Experimental Neurology
2018, 299, 217-227, 10.1016/j.expneurol.2017.04.017.

Chang Soon Choi; Edson Luck Gonzales; Ki Chan Kim; Sung Min Yang; Ji-Woon Kim; Darine Froy Mabunga; Jae
Hoon Cheong; Seol-Heui Han; Geon Ho Bahn; Chan Young Shin; et al. The transgenerational inheritance of autism-like
phenotypes in mice exposed to valproic acid during preghancy. Scientific Reports 2016, 6, 36250, 10.1038/srep36250.

Chiara Cipriani; Laura Ricceri; Claudia Matteucci; Alessia De Felice; Anna Maria Tartaglione; Ayele Argaw-Denboba;
Francesca Pica; Sandro Grelli; Gemma Calamandrei; Paola Sinibaldi Vallebona; et al. High expression of Endogenous
Retroviruses from intrauterine life to adulthood in two mouse models of Autism Spectrum Disorders.. Scientific Reports
2018, 8, 629, 10.1038/s41598-017-19035-w.

Anna Maria Tartaglione; Chiara Cipriani; Flavia Chiarotti; Benedetta Perrone; Emanuela Balestrieri; Claudia Matteucci;
Paola Sinibaldi-Vallebona; Gemma Calamandrei; Laura Ricceri; Early Behavioral Alterations and Increased Expression
of Endogenous Retroviruses Are Inherited Across Generations in Mice Prenatally Exposed to Valproic Acid. Molecular

Neurobiology 2018, 56, 3736-3750, 10.1007/s12035-018-1328-x.

Melissa A. Konopko; Allison L. Densmore; Bruce K. Krueger; Sexually Dimorphic Epigenetic Regulation of Brain-
Derived Neurotrophic Factor in Fetal Brain in the Valproic Acid Model of Autism Spectrum Disorder.. Developmental
Neuroscience 2017, 39, 507-518, 10.1159/000481134.

Emily W.Y. Tung; Louise M. Winn; Epigenetic modifications in valproic acid-induced teratogenesis. Toxicology and
Applied Pharmacology 2010, 248, 201-209, 10.1016/j.taap.2010.08.001.

Robin Holliday; The possibility of epigenetic transmission of defects induced by teratogens.. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis 1998, 422, 203-205, 10.1016/s0027-5107(98)0021
9-x.

Liane Gagnier; Victoria P. Belancio; Dixie L. Mager; Mouse germ line mutations due to retrotransposon insertions.
Mobile DNA 2019, 10, 15, 10.1186/s13100-019-0157-4.




57.

58.

59.

60.

61.

62.

Mehrab Guliyev; Sibel Yilmaz; Kaniye Sahin; Sevgi Marakli; Nermin Gozukirmizi; Human endogenous retrovirus-H
insertion screening. Molecular Medicine Reports 2013, 7, 1305-1309, 10.3892/mmr.2013.1295.

Buket Cakmak Guner; Elif Karlik; Sevgi Marakli; Nermin Gozukirmizi; Detection of HERV-K6 and HERV-K11
transpositions in the human genome. Biomedical Reports 2018, 9, 53-59, 10.3892/br.2018.1096.

Marta Garcia-Montojo; Maria Dominguez-Mozo; Ana Arias-Leal; Angel Garcia-Martinez; Virginia De Las Heras; Ignacio
Casanova; Raphael Faucard; Nadége Gehin; Alexandra Madeira; Rafael Arroyo; et al. The DNA Copy Number of
Human Endogenous Retrovirus-W (MSRV-Type) Is Increased in Multiple Sclerosis Patients and Is Influenced by
Gender and Disease Severity. PLOS ONE 2013, 8, €53623, 10.1371/journal.pone.0053623.

Miki Bundo; Manabu Toyoshima; Yohei Okada; Wado Akamatsu; Junko Ueda; Taeko Nemoto-Miyauchi; Fumiko
Sunaga; Michihiro Toritsuka; Daisuke Ikawa; Akiyoshi Kakita; et al. Increased L1 Retrotransposition in the Neuronal
Genome in Schizophrenia. Neuron 2014, 81, 306-313, 10.1016/j.neuron.2013.10.053.

Jun Nomura; Toru Takumi; Animal Models of Psychiatric Disorders That Reflect Human Copy Number Variation. Neural
Plasticity 2012, 2012, 589524, 10.1155/2012/589524.

Masaki Nishioka; Miki Bundo; Kazuya lwamoto; Tadafumi Kato; Somatic mutations in the human brain: implications for
psychiatric research.. Molecular Psychiatry 2018, 24, 839-856, 10.1038/s41380-018-0129-y.

Retrieved from https://encyclopedia.pub/entry/history/show/8271



