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New Mouse Model Replicates an Underlying
Cause of Intellectual Disability
Model will help researchers determine how abnormalities in RNA
processing can lead to learning and memory impairment

UC San Diego School of Medicine researchers

developed a new model for studying the

underlying genetics of intellectual disabilities and

neurodevelopmental disorders. Photo courtesy of

Pixabay

Researchers at University of California San Diego School of Medicine have developed the first

mice that lack the Upf3b gene, providing a new model for studying its underlying role in

intellectual disabilities and neurodevelopmental disorders. The study published September 26

in Molecular Psychiatry.

In humans, mutations in the UPF3B gene cause intellectual disability and are strongly

associated with autism spectrum disorder, attention deficit hyperactivity disorder and

schizophrenia. This gene plays a role in nonsense-mediated RNA decay (NMD), a supervisory

system cells use as “volume control” on many genes.

“These observations about UPF3B made us wonder if NMD

is important for mammalian brain development,” said senior

author Miles Wilkinson, PhD, professor of reproductive

medicine at UC San Diego School of Medicine.  

NMD acts on messenger RNAs (mRNAs), which carry the

blueprints encoded by the genome. These blueprints are

translated into the proteins essential for life. NMD was

initially thought to serve only as a quality control mechanism

— degrading irregular mRNAs that encode potentially

harmful proteins. But it has more recently become clear that

NMD also degrades normal mRNAs in specific cell types and

situations when they are not needed.

NMD plays an important part in several biological processes,

including fetal and neonatal development — a time when

cells must be especially careful about how they coordinate
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and time the production of mRNAs (and the proteins they encode).

Wilkinson’s team found that Upf3b-deficient mice differed from normal mice in a number of

cellular and behavioral ways. For example, their neural stem cells were impaired in their ability

to specialize into functional neurons. The neurons they did have were deficient in their ability to

form dendrites and dendritic spines, structures critical for neuron-neuron communication.

These Upf3b-deficient mice also exhibited defects in a specific form of memory and learning

related to fear, and they were defective in sensory processing in a way often associated with

schizophrenia and other brain disorders.

To investigate how Upf3b influences these cellular and behavioral features, the researchers

compared the RNA sequences they found in the frontal cortex region of the brains of normal

and Upf3b-deficient mice. They determined that Upf3b regulates RNAs, including direct NMD

targets, that encode proteins necessary for neurons to develop and mature.  

“In many ways, the behavioral impairments in mice lacking Upf3b mimicked those found in

human patients with UPF3B mutations,” Wilkinson said. “This new model will be critical in

determining precisely how defects in NMD can lead to specific learning and sensory

processing defects.”

Co-authors of this study also include: Eleen Shum, Sam H. Jones, Chih-Hong Lou, Jennifer

Dumdie, Haeuk Kim, Josh Espinoza, David M. Skarbrevik, Mimi H. Phan, Heiid Cook-Andersen,

Neal R. Swerdlow, UC San Diego; Amanda J Roberts, The Scripps Research Institute; Lachlan A

Jolly, and Jozef  Gecz, University of Adelaide, and South Australian Health and Medical

Research Institute.

This research was funded, in part, by the National Institutes of Health (GM111838, MH59803,

MH94320, T32EB00938008), Howard Hughes Medical Institute, Brain & Behavior Research

Foundation, National Health & Medical Research Council and Australian Research Council.
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