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• Difficulties:
• Social interaction

• Verbal and nonverbal communication

• Repetitive behaviors

• USA-ASD prevalence 1-2%

• ASD affects 1 in 59 children

• 4x more common in boys

Autism Spectrum Disorders (ASD) 

BACKGROUND
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Prevalence in Lebanon



DIAGNOSIS CONT

NEURODEVELOPMENT 

• Early human brain development 

• Sequence of intricate processes 

• Functionally operative neural circuits

• Developmental trajectories of early brain network formation

• Genetically programmed 

• Epigenetic influences

• Environmental influences



NEURODEVELOPMENT 



NEURODEVELOPMENT 

GW4-6
– GW5 nascent cerebral hemispheres can be seen
– Symmetric cell division of neuroepithelial stem cells, which become ventricular radial glia 
cells

GW 6-10
– GW6 neurogenesis of first wave destined for cortical plate
– GW7-10 neurogenesis and neuronal migration to cortical plate
– Neural progenitor cells = radial glia in VZ
– Asymmetric cell division: separating proliferating cells from postmitotic neurons

Dividing cells generate pairs of daughter cells 
• with the same symmetric cell fate (Two progenitor cells) 
• with distinct, asymmetric cell fates (one progenitor and one neuron)



Neuronal Migration



Neuronal Migration



PRETERM PROM

Functional Neurodevelopment

Keunen K., NeuroImage (2017)



Intrauterine Environment 

1. Fetal Factors

2. Placental Factors

3. Maternal Factors

1. The Passenger

2. The Placenta

3. The Parent



Congenital Heart Disease 



Fetal Brain Oxygenation and Perfusion in Congenital Heart 
Disease: 
Impact on Neurodevelopment 

Congenital Heart Disease 



Fetal Brain Oxygenation and Perfusion in CHD 
Neurodevelopmental Sequelae of CHD 
Why does it happen? 

Congenital Heart Disease 



Brain Development and Injury in CHD: 
Benefit of Prenatal Diagnosis 

• Preop injury and postop brain development in TGA/SV 
• Brain injury less in those with prenatal dx (24 vs 48%) 

• More rapid brain development postop in those with a prenatal diagnosis 

Peyvandi, JAMA Pediatrics 2016

Prenatal diagnosis, delivery 
room care, and fetal 

treatment to improve O2 
delivery



Intrauterine Environment 

1. Fetal Factors

2. Placental Factors

3. Maternal Factors

1. The Passenger

2. The Placenta

3. The Parent



PRETERM PROM

GRIT study group, 2003, 2004, 2010

The Growth Restriction Intervention Trial (GRIT)

Intrauterine Environment -Placenta 



PRETERM PROM

Intrauterine Environment -Placenta 



PRETERM PROM

Intrauterine Environment -Placenta 

Trial Of Randomized Umbilical And Fetal Flow In Europe (Truffle)

Lees et al (2013), (2015) 



PRETERM PROM

Intrauterine Environment -Placenta 

Trial Of Randomized Umbilical And Fetal Flow In Europe (Truffle)

A conservative approach to timing delivery in waiting for late Ductus Venosus changes, unless severe CTG 
changes occur first, was associated with a more favorable 2 year outcome in early onset fetal growth restriction



Intrauterine Environment 

1. Fetal Factors

2. Placental Factors

3. Maternal Factors

1. The Passenger

2. The Placenta

3. The Parent



Maternal Factors

Maternal Conditions OR Confidence Interval Study Reference

Obesity (BMI≥ 30) 3.2 ** 1.10-2.56 CHARGE Population Study Pediatrics. 2012;129:e1121–e1128. 

Pre-Eclampsia 1.5** 1.18-4.68 CHARGE Population Study JAMA Pediatr. 2014 Dec 8.  

Severe Pre-Eclampsia with 
Placental Insufficiency

3.39 1.06-3.50 CHARGE Population Study JAMA Pediatr. 2014 Dec 8. 

Maternal thyroid peroxidase 
antibody positivity (TPO-

Ab+) 

2.6 1.16–2.75 
Nested case-control design of the 

Finnish Prenatal Study of Autism (FiPS-A)
Prog Neuropsychopharmacol Biol
Psychiatry. 2015 Mar 3;57:86-92. 

Rheumatoid Arthritis 2.36 1.07–2.54 
The study cohort consisted of all of the 
children born in Denmark from 1993 

through 2004 (689 196 children). 
Pediatrics 124: 687–694

Celiac Disease 2.12 1.27–5.75
The study cohort consisted of all of the 
children born in Denmark from 1993 

through 2004 (689 196 children). 
Pediatrics 124: 687–694

Type I Diabetes 1.86 1.07–3.77 
The study cohort consisted of all of the 
children born in Denmark from 1993 

through 2004 (689 196 children). 
Pediatrics 124: 687–694

Febrile Episode 1.84 1.1-2 Danish Cohort
Pediatrics. 2012 Dec;130(6):e1447-

54. 



Maternal Factors
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Parental Inheritance of Endothelial Nitric Oxide Synthase (eNOS) Gene 
and Abnormal Uterine Environment Contribute to Autism Spectrum 
Disorders in a Hypertensive Murine Model



Maternal and 

Paternal Genes

Uterine 
Environment

Barker

Hypothesis

Maternal Factors

20%

Genetic and Uterine Environment Factors



Hypothesis

Mice Offspring Developing in an Abnormal Uterine 
Environment, Secondary to Maternal Hypertension, 

Will Have an ASD-Like Phenotype



Aims

1. To evaluate the contribution of maternal 
hypertension to ASD-like phenotype

2. To identify novel ASD related genes and their 
biological processes in the cerebellum
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Endothelial Nitric Oxide Synthase (eNOS) Hypertension Mouse Model

Fetal Programming Animal Model

Knock Out eNOS-/- Wild Type eNOS+/+

Heterozygous Offspring eNOS-/+

100 % 
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Knock Out eNOS-/-

Hypertensive Mother
Wild Type eNOS+/+

Heterozygous
Mat-eNOS-/+

Cross Breeding Scheme

Fetal Programming Animal Model
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Knock Out eNOS-/-

Hypertensive Mother
Wild Type eNOS+/+

Heterozygous
Mat-eNOS-/+

Cross Breeding Scheme

Abnormal Uterine 

Environment

Fetal Programming Animal Model
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Cross Breeding Scheme

Wild Type eNOS+/+

Normotensive Mother

Knock Out eNOS-/-

Heterozygous

Pat-eNOS-/+

Fetal Programming Animal Model
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Cross Breeding Scheme

Wild Type eNOS+/+

Normotensive Mother

Knock Out eNOS-/-

Heterozygous

Pat-eNOS-/+

Normal Uterine 

Environment

Fetal Programming Animal Model



Heterozygous Offspring

Heterozygous 
Mat-eNOS-/+

Heterozygous

Pat-eNOS-/+

Genetically 

Identical

Offspring 

Developed in an 

Abnormal Uterine 

Environment

Hypertensive Mother 

Developed in a 

Normal Uterine 

Environment

Normotensive Mother



Heterozygous Offspring

Heterozygous 
Mat-eNOS-/+

Heterozygous

Pat-eNOS-/+

Developed in an 

Abnormal Uterine 

Environment

Hypertensive Mother 

Developed in a 

Normal Uterine 

Environment

Normotensive Mother

ASD 

Features



Aim 1

Behavioral Phenotype Characterization



 

 

Social Behavior Repetitive Behavior 

- Sociability 
- Preference For Social 
Novelty 
 

- Open Field 
- Marble Burying 
 

Anxiety Behavior Motor Function 

- Light/Dark Box  
- Elevated Plus Maze 
- Open Field 

- Beam Balance 
- Rotor Rod 
 

Spatial Learning and Memory 

-  Morris Water Maze 

ASD Behavioral Tests

2-way-RM-ANOVA, 1-way-ANOVA, t-test, P<0.05 significant



ASD Behavioral Tests -Sociability



ASD Behavioral Tests 
Preference for Social Novelty



Morris Water Maze 
Spatial Learning and Memory 
Test 



Morris Water Maze 
Spatial Learning and Memory 
Test 



ASD Behavioral Tests



ASD Behavioral Tests



ASD Behavioral Tests



Aim 2

Identification of ASD Related Genes in the 
Cerebellum



PRETERM PROM

The Cerebellum

• Highly conserved structure and function
• Foliation conserved across evolution 

• Structure is “simple” 
• Only 9 principle types of neurons 

• All morphologically distinct 

• Layers and circuitry are stereotyped 

• Contains more neurons than rest of brain 
• In mouse, 59/71 million neurons (83%) 

• In human, 69/86 billion neurons (80%) 



Cerebellar Disorders

• Incidence
• Relatively common ~1/5000 live births

• Can occur in isolation or part of syndrome 

• Genes identified for only a few rare forms

• Outcome
• Most cause DEV delay ± ID ± motor abnormalities

• ID and ID syndromes, autism, early life epilepsy 

• Prenatal Issues
• Most (not all) are visible by GW20

• Difficult to distinguish by fetal ultrasound/MRI



• Historically
• Balance
• Posture
• Motor control

• Recent
• External sensory 
• Neocortical circuit refinement

Shaping Higher Function Early In 
Neurodevelopment

Cerebellum



Cerebellum

• RNAs from Mat-eNOS-/+ and Pat-eNOS-/+ cerebella underwent 
whole transcriptome shotgun sequencing using RNA-Seq

• Differentially expressed genes were examined for pathway 
analyses to obtain novel ASD related genes

• Gene Ontology enrichment was performed on these novel  genes 
to identify their biologic processes

Identification of ASD Related Genes







• The altered uterine environment, secondary to maternal hypertension, contributes to 
ASD like features in eNOS heterozygous offspring

• A social deficit, the hallmark of ASD, is differentially present in the offspring of 
hypertensive mothers

• Novel ASD related genes are differentially expressed between both groups

• ASD etiology has a cerebellar component

CONCLUSION



Effect of Programmed Maternal Hypertension and 
Metabolic-like Syndrome during Pregnancy on 
Offspring Neurodevelopment
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Second Generation Wild Type Offspring



American Journal of Obstetrics & Gynecology 2016 214, S44-S45DOI: (10.1016/j.ajog.2015.10.080) 





851: Maternal metabolic syndrome and hypertension altered TNFα and mTOR1 activity in the cerebellum of  

adult offspring: implications for autism-spectrum disorder

Fangxian Lu, Anthony N. Moore, Danielle Hamrick, Jerrie S. Refuerzo, Baha M. Sibai, Sean C. Blackwell, Pramod Dash, Monica Longo

American Journal of Obstetrics & Gynecology

Volume 216, Issue 1, Pages S487-S488 (January 2017) 
DOI: 10.1016/j.ajog.2016.11.760

American Journal of Obstetrics & Gynecology 2017 216, S487-S488DOI: (10.1016/j.ajog.2016.11.760) 



American Journal of Obstetrics & Gynecology 2016 214, DOI: (10.1016/j.ajog.2015.10.264) 



• Offspring with and without genetic (TSC2) and environmental risk (HTN) factors performed
similarly in behavioral tasks assessing motor function, spatial learning, memory, and anxiety

• Significant interaction between the genetic & environmental risk factors in a social behavior
task (P=0.048)

• After adjusting for gender, there was a social deficit in males as compared to females, and
that deficit was driven by the HTN environmental factor and not the TSC2 genetic risk
(Sociability task, male gender P=0.014, eNOS+/- P=0.013, and TSC2+/− P=0.135, interaction of
male gender X environmental factor P=0.009)





UTHSC
OB/Gyn
Monica Longo
Sean Blackwell
Baha Sibai
Mateo Leon
Neuroscience: 
Pramod Dash
John Redell
Michael Hylin
Computational Biology
Yin Liu

UTMB
Georges Saade
Maged Costantine
Esther Tamayo



Acknowledgements


