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Changes in autism-like behaviors in mouse models of TSC under the peer breeding condition:
We found that social deficits in Z5cI*" mice were improved by peer breeding (mouse was paired
with peer in one cage) with wild-type mice from adolescence (age 3 weeks). We hypothesized DNA
methylation is involved in improving social deficits in 75¢7* mice, and we are conducting pre-
experiments for DNA methylation analysis. Furthermore, we are analyzing behaviors of mice
which are conducted peer breeding from adult (age 7 weeks) to investigate effective timing to
start peer breeding.

Tuberous sclerosis (TSC) is a single-gene disorder caused by heterozygous mutations in the
TSC1 or TSC2. Heterozygous defects in either TSC gene cause activation of the mammalian
target of rapamycin (mTOR) signaling pathway. It is known that TSC is complicated by autism
spectrum disorder (ASD) which is one of neurodevelopmental disorders. Core symptom of ASD
is deficits of social interaction. Dr. Sato (principal investigator), Dr. Mizuguchi and Dr. Ikeda
(member of research project) reported that mature 7scI*-and Tsc2* mice showed social
deficits, but treatment rapamycin (mTOR inhibitor) improved social deficits in 7scI* and
Tsc2* mice. The effects of medicine treatment are not permanent for ASD symptoms, thus we
believe it is important to clarify a fundamental treatment for ASD. Behavioral therapy is
provided as a treatment for ASD. Previous studies showed ASD patients and an ASD model
muse were improved their social deficits through a behavioral therapy (Eikeseth et al., 2002,
Tang et al., 2011). It has not been investigated the synergy and/or addictive effects between
treatment medicine and behavioral therapy in ASD symptoms.

Tsc1* and wild-type mice from each peer breeding group (wild- wild-type mice, 75cI*" -

Tsc1* mice, Tsc1* - wild-type mice) were analyzed in social interaction test in which sniffing,



mounting, allo-grooming and chasing were counted as an active interaction (social interaction).
Tsc1* mice in Tsc1* - TscI* mice pair groups showed decreased active interaction time
compared to wild-type mice in wild-wild type mice pair groups. However, T5c1* mice in TscI*" -
wild-type mice pair groups improved their active interaction to level of wild-type mice. Wild-
type mice in 7scI* - wild-type mice pair groups did not show decreased active interaction
compared to wild-type mice in wild- wild-type mice pair groups. These results suggest that peer
breeding from age 3 weeks improved social deficits of 7scI* mice without pharmacological
intervention. Thus, we have changed the initial research plan and decided to conduct DNA
methylation analysis in mouse whole brain. Pre-experiment for DNA methylation analysis is
proceeding. Furthermore, we are trying to determine the threshold in start timing of peer

breeding by starting the peer breeding at different ages.

Effects of chronic rapamycin treatment in mouse models of TSC in early postnatal periods (with
Dr. Mizuguchi, Dr. Ikeda) : We started chronic treatment with rapamycin in wild-type and
TscI* mice in early postnatal periods in order to know whether autism-like behavioral deficits
are ameliorated in the adulthood. Unexpectedly, the mice in the rapamycin group showed
apparent growth failure irrespective of genotype. We therefore did not analyze autism-like
behavior in those mice.

Wild-type and 7scI*" mice were treated with intraperitoneal injection of rapamycin (6
mg/kg/dose) or vehicle 3 times per week from postnatal day 8 to 42. The mice given rapamycin
showed evident growth failure from the next day of the first injection. Their body weight did not
reach that of the mice in the vehicle group after the completion of treatment. It was not until
the dose of rapamycin was reduced to 1 mg/kg/dose that the mice in the rapamycin group
showed weight gain comparable to those in the vehicle group.

We changed the initial research plan and investigated whether seizures in early postnatal
periods worsen later autism-like behaviors in 75¢2"- mice. Spasm-like seizures were

pharmacologically induced that were apparently similar between wild-type and 75¢2" mice.

Analysis is ongoing to compare social behaviors between wild-type and 75¢2" mice in
adulthood.

Protein analysis using the whole brains of mouse models of TSC (with Dr. Kobayashi): We
analyzed expression of the proteins relevant to mTORC1-mediated signaling pathway as the
molecular mechanism of autism-like behavioral deficits in the mouse models of TSC. The
protein expression was comparable among 7TscIt, Tsc2, and TscI*; Tsc2 mice. We also found
the region-specific mMTORC1 hyperactivation in the dentate gyrus in the mice.

In 7Tsci- or Tsc2-null tumor cells, ERK-MEK signaling pathway was hyperactivated after
prolonged rapamycin treatment. Next we investigated the combination therapy of rapamycin
and MEK inhibitor against the proliferation of 7sc2-null renal carcinoma cell. MEK inhibitor
alone did not show evident anti-proliferation effect while it potentiated the anti-proliferation

effect of rapamycin. ERK-MEK signaling pathway was not intensely activated in the brains of



Tsc-mutant mice with rapamycin treatment.

During the research periods we established the protocol of phosphor-proteome analysis using
the whole protein fraction. We applied this method to the analysis of protein phosphorylation in
the whole brain of rapamycin-treated Tsc-mutant mice. However, we did not identify novel

mTORC1-related signaling pathway that showed abnormal protein phosphorylation.

Survey of the clinical situation of management of TSC in pediatrics departments (with Dr.
Mizuguchi, Dr. Ikeda): We sent the questionnaire to the pediatrics departments of 521 clinical
resident training hospitals in Japan. We obtained replies from 305 hospitals and there were 150
hospitals had one or more TSC patients. The totals of 656 patients (1 — 40 per hospital, median
2) were found in those hospitals. Seventy-five patients were treated with mTOR inhibitor in 43

hospitals, and over half of the hospitals had only one patient.

Self-reported changes in ASD symptoms in the TSC patients treated with mTOR inhibitor (with
Dr. Mizuguchi, Dr. Ikeda): After approval of each hospital that had participants, we sent to the
TSC patients treated with mTOR inhibitor the questionnaire about changes in ASD-related
behaviors. We obtained replies from 12 TSC patients, 8 of whom noted some improvement in
ASD symptoms. Impaired reciprocal social interaction and hyperactivity were particularly

likely to be improved after the treatment.

Prospective observation of the TSC patients treated with mTOR inhibitor — renal AML cases
(with Dr. Hatano): We have been prospectively observing ASD symptoms in the TSC patients
with renal AML treated with mTOR inhibitor according to the approved protocol. The totals of 4

participants have been under observation at the end of May 2017.

Prospective observation of the TSC patients treated with mTOR inhibitor — SEGA cases (Dr.
Yui): Using similar protocol approved by each institute, we completed the observation of ASD
symptoms in 3 T'SC patients with SEGA treated with mTOR inhibitor from April 2015 to May
2016. From April 2016, we started similar observational study though we could include one TSC
patient with SEGA. We are planning to extend the study periods to include more participants.
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