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Autism Spectrum Disorder (ASD) is a pervasive developmental disorder, that is rising at a concerning rate.
However, underlying mechanisms are still to be discovered. Obsessions and compulsions are the most
debilitating aspect of these disorders (OCD), and they are the treatment priority for patients. SAPAP3 knock
out mice present a reliable mouse model for repetitive compulsive behaviour and are mechanistically closely
related to the ASD mouse model Shank3 on a molecular level and AMPA receptor net effect. The phenotype
of SAPAP3 knock out mice is obsessive grooming that leads to self-inflicted lesions by 4 months of age.
Recent studies have accumulated evidence, that epigenetic mechanisms are important effectors in
psychiatric conditions such as ASD and OCD. Methylation is the most studied mechanism, that recently
leads to drug developments for more precise cancer treatments. We injected SAPAP3 mice with an
epigenetic demethylation drug RG108 during pregnancy and delayed the onset of the phenotype in the
offspring by 4 months. This result gives us clues about the possible mechanisms involved in OCD and ASD.
Additionally, it shows that the modulation of methylation mechanisms during development might be
explored as a preventative treatment in the cases of the high inherited risk of certain mental health

a transgenic mouse model conditions.
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Introduction

Autism is described in the ICD-10 and DSM-5 as a delay or abnormal
development with onset before 3 years leading to impairments in social
communication, and repetitive and stereotyped patterns in behavior,
interests, and activities. Many researchers support the hypothesis that the
mechanisms underlying autism are polygenic and epistatic, and that
environmental factors interact with genetic factors that lead to increase
risk [1, 2]. The aspect of obsessions and compulsions are the most
debilitating facet of ASD, and they are the treatment priority from the
patient’s perspective [3]. Epigenetic mechanisms [4, 5] regulate normal
development and cell differentiation in order to generate and maintain
different specialized tissue-specific phenotypes based on the same
genome [6]. Mental health disorders developing during childhood are
hypothesized to be especially affected by epigenetic mechanisms [7].

Another important factor affecting autism spectrum disorders (ASD) and
obsessive-compulsive disorders (OCD), seems to be an immune
response. Brain imaging and neuropathological techniques have shown
developmental macroscopic and microscopic aberrations proposing
neuroinflammation in the frontal cortex and cerebellar regions,
consisting of cytokine production and activation of microglia and
astrocytes [8, 9]. Additionally, allergies and autoimmune diseases were
significantly higher in children with autism than among controls [10].
These dysregulated immune responses in ASD and OCD patients were
shown to affect synaptic autophagy and appropriate synaptic pruning
mechanisms, which play an important role in regular development [11,
12].

Zinc has been shown to play an important role in immune response and
ASD [13, 14]. Zinc seems to be crucial for the development and function
of cells mediating innate immunity, neutrophils, and NK cells,
macrophages, phagocytosis, intracellular killing, cytokine production,
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and growth and function of T and B cells, which were all shown to be
impaired by zinc deficiency. It was observed that interferon-y (IFN-y
production is decreased as a result of zinc deficiency and may affect cell-
mediated immunity adversely. Furthermore, zinc seems to function as an
anti-oxidant and to be involved in membrane stabilization suggesting a
role in the prevention of free radical-induced damaging especially during
inflammatory processes [15]. In another study, the authors suggested a
strong interaction between social behavior and IFN-y-driven responses.
They demonstrated that inhibitory neuron activity is directly affected by
IFN-y, which lead to an increase in GABAergic (y-aminobutyric-acid)
currents in projection neurons. This demonstrates a molecular link
between meningeal immunity and neural circuits involved in social
behavior in which IFN-y plays a crucial role [16].

In young hippocampal neurons, zinc was recently shown to increase the
timing of AMPAR-mediated synaptic currents, in which Shank2 and
Shank3 played a crucial role by promoting the removal of GluAl while
enhancing recruitment of GIuA2. This regulation shows a zinc-
dependent mechanism in young neurons and their dependence on
Shank2 and Shank3. This could represent an underling mechanism in
ASD and OCD, that is modified by genetic mutations and environmental
factors during early development, which lead to the observed
impairment of synaptic maturation and circuit formation.

It has been demonstrated that DNA methylation controls key aspects of
immune responses regulating peripheral immune system effector cell
development, in which especially DNMT1 and DNMT3b seem to play a
major role during development [17]. DNMT3b seems to be highly
expressed in the murine neural tube between embryonic day (E)7.5 and
E9.5, indicating that DNMT3b might have a very specific role in the
early stages of neurogenesis [18]. DNMT1 was shown to be involved in
regulating gene expression of GAD67 protein in the GABAergic neurons
of the cortex [19]. DNMT1 was shown to be regulated by the Sp1 and
Sp3, a family of transcription factors that are united by a combination of
three conserved Cys2His2 zinc fingers that form the sequence-specific
DNA-binding domain [20].

All these results seem to indicate that DNA methylation and zinc play an
important role in regulating immune response, neural development and
circuit activity in brain regions involved in ASD and OCD. We wanted
to know if we would be able to ameliorate the stereotypic and repetitive
behavior involved in ASD and OCD by the administration of a
comparatively low toxic demethylation drug RG108 during development
in a disorder mouse model. For this study, we used the transgenic mouse
model that shows the most severe phenotypic behavior for repetitive
compulsive behavior, which is the SAPAP3 knock out (KO) mouse.
SAPAP3, Shanks, and PSD-95 are master scaffolding proteins that
cross-link  neurotransmitter receptors, signaling molecules and
cytoskeletal components [21]. SAPAP3 KO mice lack one of
SAP90/PSD-95-associated proteins (SAPAPs, also known as guanylate
cyclase, associated proteins), a family of scaffold proteins in
postsynaptic density [22]. The net effect of deleting SAPAP3 appears to
be the reduction of the sensitivity to AMPAR-mediated glutamatergic
signaling, which is the same net effect shown for zinc mediated AMPA
receptor modulations (mentioned above).
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Methods
| Animals

We used 3-8 months old male and female Sapap3 KO mice. All mice
were housed individually in home-cages with 12 h light/dark cycle with
food and water ad libitum. The research complied with the National
Institutes of Health Guide for Care and Use of Laboratory Animals, and
approved by Animal Welfare Committee, NY, USA.

|1 Behavior

Total time spent grooming, number and duration of grooming bouts, and
body region groomed (head, core or tail) was quantified by observers
blind to experimental conditions. Open field behavior and performance
in an elevated plus maze were be tested after the stimulation protocol as
general measures of locomotion and anxiety-like behavior and analyzed
with EthioVision XT software.

111 Drug

RG108 (Sigma) was dissolved in 10% DMSO and sterile saline and
injected subcutaneously in a 0.8 mg/kg dosage.

1V Statistical Analysis

All data were presented as the mean + standard error. All statistics were
performed using GraphPad Prism 5.0b. Comparison between two groups
was evaluated by unpaired Student’s t-test. Differences in different
treatment groups were carried out using one-way or two-way ANOVA
with Tukey post hoc comparison tests, Mann-Whitney test. Statistical
significance was defined as p < 0.05.

Results and Discussion
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Figure 1: Prolonged amelioration of repetitive grooming behavior in
offspring of RG108 treated pregnant (day 10) SAPAP3 KO mice (n=6
in each group, p < 0.05).

We injected one dose of RG108, a non-nucleoside DNA

methyltransferase (DNMT) inhibitor, in pregnant SAPAP3-deficient
mice which prevented repetitive grooming behavior in the offspring
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significantly and delayed its phenotypic behavior by 4 months (p < 0.05)
(Figure 1). We also recorded an improvement of fear-related behavior
tested in the open field and elevated plus-maze tests (p < 0.05), (Figure

Time in open field

Distance traveled during open field test

2). The effect of the drug was remarkably long, compared to injections
of RG108 in adult SAPAP3-deficient mice, which ameliorated the
phenotypic behavior for only 3 days (Todorov et al., 2019).
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Figure 2: Reduced fear related behavior in offspring of RG108 treated pregnant (day 10) SAPAP3 KO mice (n=6 in each group, p < 0.05).

Based on our results, we hypothesize that by injection of RG108 we
suppress relatively excessive (in the conditions of reduced sensitivity to
AMPAR-mediated glutamatergic signaling) DNMT activity in this
mouse model. We theorize that especially DNMT1 and DNMT3b would
play an important role in the amelioration of the phenotypic behavior
based on the fact that DNMT3b appears to be active in a fairly short
window during embryonic development (early phase of neurogenesis)
and much less active in the adult brain (see above) and DNMT1 is highly
active in embryonic neural precursor cells and that activity is distinct
from DNMT1 activity in adult post-mitotic neurons. Additionally, the
involvement of DNMT1 in inhibition of the cortex is another reason why
we think that it’s mechanisms are involved in the aberrant behavior in
SAPAP3 KO mice since an over-activity in the cortex has been reported
in this mouse model and ASD [23, 24].

Spl and/or Sp3 zinc finger proteins activate DNMT1 transcription.
Therefore, zinc deficiency during pregnancy may lead to DNMT1
inhibition and have a similar effect to DNMT1 inhibition in SAPAP3
mice, which we would propose should be tested in these mice.
Additionally, synaptic pruning is affected by DNMT inhibition in early
development and may have long-term effects via (among other things)
effects on development in ASD and OCD patients [25]. In the light of
direct involvement of IFN-y regulating of social anxiety-related behavior
and GABAergic synaptic transmission in the cortex, which in turn is
modulated through DNMT1 and zinc, one should also consider
recording immune response markers in ASD and OCD mice models.
There is evidence that these underlying immune mechanisms lead to
deficient/abnormal synaptic pruning (and microglia/immune) in ASD
and OCD, which is affected in early development may have long-term
effects [11, 12]. Synaptic pruning is also (directly) affected by the
activity of the complement system, especially C3. In fact, C3 is
decreased in autism [26]. Also, IFN-y increases expression of the
complement components C3 and C4 may indirectly increase synaptic
pruning. Conversely, low IFN-y at crucial points during development
might cause a decrease in synaptic pruning [27]. This may be one of the
mechanisms by which IFN-y signaling may be involved in disorders
such as ASD and OCD.
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Even though targets of these mechanisms remain unclear, these findings
provide strong motivation to evaluate therapeutic interventions that may
target the mentioned mechanisms to achieve a rebalancing of synaptic
activity. When molecular targets are clarified, one will be in the position
of designing more specific repertoire of drugs aiming nuclear signaling
and gene regulation for the treatment of mental health disorders.
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