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Autism spectrum disorder (ASD) consists of a range of complex neurodevelopmental disorders with 

heterogeneous etiology. Autism (classical infantile autism) is the most severe form of ASD and often with 

unknown etiology. ASD includes many genetic disorders; Fragile X syndrome (FraX) can be identified in 2-

6% of all children diagnosed with autism.  FraX is the most common cause of inherited mental retardation 

and the best-characterized form of ASD. The syndrome results from a mutation in the FMR1 gene that 

encodes an RNA binding protein involved in the local regulation of plasticity-associated translation in brain. 

The absence of FMR1 protein results in aberrances of the differentiation of human and mouse neural 

progenitors. We have shown that impaired migration, fate determination, and transmitter phenotype 

specification of differentiated mouse progenitors lacking FMR1 protein associate with alterations of Ca2+ 

ion activity and perturbations in responses to brain-derived neurotrophic factor (BDNF) and glutamate. 

Signaling of both BDNF and glutamate are implicated in neurobiology of ASD. BDNF may modify alterations 

of progenitor differentiation and cause long-lasting changes in the behavioral responses and gene 

expression in adult brain.  We hypothesize that early changes of calcium ion activity in neural progenitors 

affect formation of small-world networks before synapse formation and may significantly contribute to the 

altered neuronal circuit function in ASD. Aberrances of Ca2+ ion activity and transmitter phenotype 

specification of progenitors may lead to unbalanced excitatory and inhibitory networks observed in FraX. 

Reprogramming technologies have offered us an opportunity to generate induced pluripotent stem (iPS) 

cell lines from individuals with genetic syndromes with ASD. The aim of the proposed project is to explore 

molecular mechanisms observed in mouse cultures in iPS cell cultures. Direct differentiation of iPS cells to 

neuronal and glial cells allows explore the functional ramifications of a particular genotype in a cell 

typespecific manner. We will compare the differentiation of neuronal cells generated from stem cells 

derived from individuals with the single gene disorder without autism to those derived from healthy 

controls and to differentiation of cells derived from individuals with ASD.  We will study neuronal 

differentiation of patient-specific induced pluripotent stem cell lines reprogrammed from somatic cells of 

individuals with FraX or other genetic disorders (DS, ring22 chromosome). Alterations of calcium ion activity 

and signaling of BDNF and glutamate observed in FraX mouse progenitor cultures will be investigated in 

neuronal and glial cultures differentiated from human iPS cells. We also study involvement of specific 

miRNAs in molecular pathway functions and examine correlations between cellular, molecular and clinical 

data. Significance of the in vitro results will be studied by in vivo imaging of intracellular calcium flux in the 

embryonic brain.  The proposed research will improve understanding of the pathogenesis of ASD. It can 

improve diagnostics by development of biomarkers and may open new avenues for novel treatment 

options to perform patient stratification and treat neurological and neuropsychiatric diseases.   

 


