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Biological sex and genetics as mediators of craniofacial 

development in a mouse model of FASD



Modeling Fetal Alcohol Spectrum Disorders (FASD)

Our lab uses a mouse model of FASD that targets key developmental 
events that occur early in gestation 



Gastrulation-stage alcohol causes structural & behavioral impairments 

Gastrulation Alcohol ExposureUnexposed

Sulik et al., 1981
O’Leary-Moore et al., 2011
Godin et al., 2010
Wieczorek et al., 2015

Alcohol-induced behavioral changes:
– Elevated plus maze
– Light-dark testing
– Forced swim test



What factors modify outcomes in FASD?
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*
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Sex differences in FASD

• Males are diagnosed at a higher rate than females early in life (Thanh et al., 2014)

• Male and female infants with FASD differ in stress reactivity (Haley et al., 2006)

• Animal models have reported sexually divergent effects of alcohol on multiple 
measures:
• Stress responsivity (Halasz et al., 1993; Weinberg, 1992)

• Behavior (O’Leary-Moore et al., 2006; Kelly et al., 2009)

• Expression of inflammation markers/microglia (Terasaki et al., 2015; Ruggiero et al., 2018)

• Hippocampal long-term potentiation (Sickmann et al., 2014)

• Dopamine receptor binding (Converse et al., 2015)

• Females have higher prevalence of neural tube defects

• Sex differences have been noted in pre-implantation embryos in:
• gene expression (Werner et al., 2017)

• growth rates (Deegan et al., 2019)



Does sex affect the development of craniofacial and CNS defects 
following early gestational alcohol exposure?

U.S. legal 
driving limit = 

80 mg/dL



Murdaugh et al., 2018, PLoS One

Studying sex differences in the fetal mouse



Assessing alcohol-related craniofacial malformations
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Females have exacerbated growth deficits after alcohol



Females have higher rates of spontaneous defects
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* * *



Males and females show similar incidence rates after alcohol



Incidence of craniofacial malformations not impacted by sex
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What factors modify outcomes in FASD?

*

*
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Sex-specific impacts of maternal stress
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Male fetuses are more sensitive to 
subthreshold alcohol after stress

Cytokine gene expression in 
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Gene mutations can modify prenatal alcohol sensitivity

Gene mutations that increase risk:
• Efcab7 (Fish et al., 2024)
•Mns1 (Boschen et al., 2018)
• Shh (Kietzman et al., 2014)
•Gli2 (Kietzman et al., 2014)
•Cdon (Hong & Krauss, 2012)

Gene mutations that protect:
•Bax (Fish et al., 2022)
•p53 (Fish et al., 2021)

• Monozygotic twins were 100% concordant for FAS diagnosis, dizygotic twins 
were 64% concordant (Streissguth & Dehaene,1993)



• Mutation in HTT causes the 
neurodegenerative disorder Huntington’s 
disease by accumulating fragments of 
protein and disrupting normal cell 
function

Htt as a gene of interest

• Important for embryonic development

• Full knockout is embryonically lethal, with rapid 
degeneration occurring between E7-8.5

• Expressed in the placenta and evidence 
supports a role in the function of extraembryonic 
tissue

Duyao et al., 1995,
Dragstis et al., 1998



• Primary functions: intracellular signaling, 
protein transport, ciliogenesis

– Cilia are critical for Shh transduction

– Genetic ciliopathies have overlapping 
phenotypes with FASD

• Dysregulation of Hap1 (Huntingtin-
associated protein 1) by prenatal alcohol 
in mice (Boschen et al., 2021)

Htt as a gene of interest



1. Does partial knockdown of Htt alter the incidence of craniofacial 
defects in mice exposed to alcohol prenatally?

2. Does partial knockdown of Htt interact with sex to impact 
outcomes?

Questions



Do Htt mutant mice have altered prenatal alcohol sensitivity?

Control Alcohol

Sulik et al., 1981



Alcohol increased the rate of eye defects 
in males and females

Male WT: Increased incidence of eye 
defects

Female Hets: Increased incidence and 
severity of defects
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Craniofacial defects were associated with more severe eye scores



Can we identify genes that contribute to sex differences in 
spontaneous defect rate and, possibly, alcohol sensitivity?  



Sex-specific transcriptomic response to Htt partial knockout

56.2%

43.8%

Male Hets vs. WT

Comparison # of DEGs

Male Hets vs. WT 338

Female Hets vs. WT 15

Male vs. Female WT 29



Known Htt 
functions



• Investigation of sex is important when assessing the impact of 
a teratogen

• Female fetuses consistently have higher incidence of 
spontaneous defects

• Environment and genetics may interact with alcohol in a sex-
specific manner

Summary
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