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Perspective biological makers for autism spectrum disorders: focus on essential
amino acid and its metabolites.
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Autism spectrum disorder (ASD) is one of the most common neurodevelopmental
disorders. The diagnosis for ASD is often challenging because these diagnostic approaches are less
objective and time consuming. Thus, an appropriate diagnosis needs to consider the applicability of
the diagnostic approach. We measured the levels of kynurenine pathway(KP) metabolites in the serum
of ASD models mice to assess the potential of KP metabolites as predictive peripheral biomarkers for

neurodevelopmental disorders. We found genetical ASD model mice showed drastic changes in KP
metabolite concentrations. We also found maternal inflammation dramatically changed KP metabolites
in maternal serum, pointing to the ability of kynurenine to cross the placenta and change the KP
metabolites which are affected as neuroactive compounds in the fetal brain. Our results suggested
that KP metabolites are potential diagnostic biomarkers for neurodevelopmental disorders.
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Fig. 1 The behavioral abnormalities related to ADHD in the Ptchd1 KO mice. (A) Open field test. (B) Habituation to
a novel environment. (C) Impulsivity in the cliff avoidance test. (D) Objective recognition memory was measured in
a novel object-based recognition test. Student’s t-test: ~ p < 0.001 versus wild type (WT) for two group comparison.
In case of more than three groups, two-w ay analysis of variance (ANOVA) with Bonferroni’s multiple comparison
test:  p < 0.001 versus WT on first day; “p < 0.05 versus WT on second day
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Fig. 2 Comparison of the concentrations of kynurenine pathway (KP) metabolites in the serum between Ptchdl
knockout (KO) and wild-type (WT) mice at different ages. KP metabolite concentrations were determined in the
serum in mice at different ages (6, 8, 11, 12, and 14 weeks). Open and closed bars correspond to WT and Ptchd1l KO
mice, respectively. Each column represents mean + standard error of the mean (SEM). Statistical analysis was
performed using Student’s t-test at each age: "p < 0.05, "p < 0.01 versus WT mice. TRP, tryptophan; KYN,
kynurenine; AA, anthranilic acid; 3-HAA, 3-hydroxyanthranilic acid; 3-HK, 3-hydroxykunurenine; KYNA,
kynurenic acid.
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Fig. 3 Effect of acute atomoxetine (ATX) treatment on kynurenine pathway (KP) metabolite concentrations in the
serum of Ptchd1 knockout (KO) mice. KP metabolite concentrations were determined in the serum of mice at 11
weeks of age 30 min after ATX treatment [two-way analysis of Varlance (ANOVA #% with Bonferrom s multiple
comparlson test: 'p < 0 05 "p<0.0land p<0.001 versus WT+sal; “p < 0.05, p < 0.01 and “*p < 0.001 versus
WT+ATX; p <0.05, ® p < 0.001 versus KO+sal]. Data are shown as mean + standard error of the mean (SEM). Sal,
saline. TRP, tryptophan KYN, kynurenine; AA, anthranilic acid; 3-HAA, 3-hydroxyanthranilic acid; 3-HK,
3-hydroxykunurenine; KYNA, kynurenic acid.
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Fig. 4 Cortical dysplasia in the neonatal
brain. (A) Control and (B) MIA mice.
E9% Red; anti-Satb2 (for 11-1V, VI layer),
green; anti-Ctip2 (for V layer), blue;
DAPI stain (for nucleus). Allows showed
abnormal cortical dysplasia.
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Fig. 5 Increased IL-17A levels in mothers transfected with pCpG-Mull17a resulted in elevated levels of kynurenine
(KYN) in the dams. (A) Relative IL-17Ra and IL-17Rc (IL-17A receptor subunits) mRNA levels in embryonic day
14.5 (E14.5) fetal brains derived from pCpG-mcs- or pCpG-Mulll7a gene-transfected mothers at E12.5. (B) Serum
concentrations of tryptophan (TRP) metabolites in E18.5 dams after pCpG-mcs or pCpG-Mulll7a gene
transfection into pregnant dams on E12.5. Data are presented as means + standard error of the mean (SEM).
Student’s t test, p <0.001, p <0.0001, versus control mice. KYN, kynurenine; KYNA, kynurenic acid,
KYN/TRP ratio reflected as a indoleanime 2,3-dioxygenasel (IDO1) or tryptophan 2,3 dioxygenase (TDO) activity.
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