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Trans-entorhinal cortex (orange) of a mouse brain, as imaged by fMRI (Credit: Jia Guo / 
Columbia University) 

NEW YORK – When Alzheimer's disease first attacks the brain, it doesn't strike 
randomly. The damage tends to begin in the entorhinal cortex, a tiny hub especially 
connected to other parts of the brain. Why this area would be particularly vulnerable is a 
puzzle that scientists have been trying to work out for decades. 

Researchers at Columbia University may finally have a solution, one that backs a new 
approach to developing treatments for this devastating neurodegenerative disease. 
Seven years of step-by-step sleuthing has implicated retromers: microscopic mail 
carriers that help package, ship and recycle molecules inside of cells. The scientists 
report their findings December 28 in Cell Reports. 

“Efforts to treat Alzheimer’s disease have focused on what Dr. Alois Alzheimer observed 
more than a hundred years ago, but we have come a long way since then. Retromers 
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offer a new direction and a new hope,” said Scott Small, MD, director of the Alzheimer’s 
Disease Research Center at Columbia University, the Boris and Rose Katz Professor of 
Neurology at Columbia University’s Taub Institute and Vagelos College of Physicians 
and Surgeons, and an affiliate member of Columbia’s Zuckerman Institute.  

 

Shown here inside a neuron, the retromer Vps26b (green) has emerged as a potential 
target for Alzheimer's disease (Credit: Sabrina Simoes / Small lab / Columbia University 
Irving Medical Center) 
 

Starting with the Fundamentals 

Sabrina Simoes, PhD, wasn't thinking about Alzheimer's when she first began exploring 
retromers as an associate research scientist in Dr. Small's lab. She had been reading 
about how, in organisms ranging from yeast to humans, every cell contains the retromer 
VSP26a. But only neurons, a type of brain cell, possess a different paralog of this 
retromer, VSP26b. As a scientist fascinated by the fundamental biology of cells, she 
found her curiosity piqued. 

“I thought, 'This can't be a fluke, there must be some reason neurons need this second 
version of this retromer,'” said Dr. Simoes, who is now an Assistant Professor of 
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Neurology at Columbia University’s Vagelos College of Physicians and Surgeons and 
Taub Institute. “So I took a closer look.” 

Dr. Simoes grew and stimulated neurons in a dish. Under a microscope, she saw that 
the 26b paralog tended to hang out in cellular compartments used to recycle molecules 
inside brain cells: that is, to move molecules to and from the surfaces of neurons to 
regulate the cells’ electrical activity. The researcher wondered what role 26b plays in 
different brain regions. So she started working with mice from the University of Science 
& Technology in Korea that had been genetically modified to disable the Vps26b gene. 
And she teamed up with Jia Guo, PhD, an expert in the brain scanning technology 
functional magnetic resonance imaging at Columbia’s Zuckerman Institute. 

A Surprising Scan 

Dr. Guo used fMRI machines specially made for small animals to noninvasively scan 
the brains of the modified lab mice. He noticed something peculiar: a lack of activity in 
one small, sharply defined area in their brains, as compared to the brains of normal 
mice. 

“I have never seen an fMRI imaging result in humans or other animals that was so 
striking, such a focused spot,” said Dr. Guo, an assistant professor in Columbia's 
Department of Psychiatry. “Normally, the differences in brain activity we see are fuzzy 
and diffuse.” 

That spot coincided with a sliver of the entorhinal cortex brain region. When the 
researchers then directly measured the electrical activity of neurons in that area using 
electrodes, they found deficits, confirming the fMRI results. The mice also had trouble 
completing memory-related tasks known to involve the entorhinal cortex. Reintroducing 
working copies of Vps26b into the mice completely fixed these problems. 

With all signs pointing to a link between the retromer and the entorhinal cortex, Simoes' 
fundamental cell biology work had been connected with Alzheimer's disease. That’s 
because neurological diseases have different hallmarks. Parkinson's starts in the 
substantia nigra, a brain region important for controlling the body. Huntington's first 
affects the striatum, related to rewards. And Alzheimer's, as has been known for 
decades, tends to set its sights on the entorhinal cortex. 

“The evidence built up that this retromer variant, linked to cellular recycling, was crucial 
for proper brain function in the entorhinal cortex,” said Dr. Simoes. “This brain region's 
role in Alzheimer's led us to investigate whether the paralog could be related to the 
disease.” 

  

Introducing SORL1 

https://mr.research.columbia.edu/content/jia-guo
https://psychology.columbia.edu/
https://psychology.columbia.edu/


 
 

While the researchers were hard on the retromer's trail, another clue emerged. In 2007, 
a team that included Columbia’s Richard Mayeux, MD, MSc, chair of neurology at 
Columbia University Vagelos College of Physicians and Surgeons, had found a new 
gene connected to Alzheimer's. Mutations in this SORL1 gene were associated with 
late-onset Alzheimer's, which afflicts people over the age of 65, and SORL1 has 
emerged as one of the most damaging genes in the disease. Dr. Small and colleagues 
first found that the SORL1 protein is part of the same molecular shipping system 
associated with retromers. 

Hoping to further connect this gene to their retromer variant, Dr. Small and his team 
checked their mice and found a deficiency of SORL1 in the entorhinal cortex. The 
scientists also examined brains donated by people diagnosed with Alzheimer’s and 
found a striking pattern: Tissues in the entorhinal cortex were depleted in both SORL1 
and Vps26b. 

Putting all these pieces together suggests that Alzheimer’s might begin with problems 
with a neuron’s ability to move molecules around. Scientists know the entorhinal cortex, 
a hub in the brain, forms an unusually large number of connections with other parts of 
the brain. These connections and the activity they generate could stimulate a lot of 
molecular recycling, making the entorhinal cortex especially susceptible to disruptions in 
these processes. For Dr. Small, these results hold promise for developing new 
treatments. 

“Anchored in genetics and revealing that retromer dysfunction and SORL1 deficiency 
can explain the regional vulnerability we see in Alzheimer’s disease, this work validates 
the idea that retromer-enhancing drugs are worth pursuing for Alzheimer's 
disease therapeutics,” he said. 

                                              ### 
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Columbia University’s Mortimer B. Zuckerman Mind Brain Behavior Institute 
brings together a group of world-class scientists and scholars to pursue the most urgent 
and exciting challenge of our time: understanding the brain and mind. A deeper 
understanding of the brain promises to transform human health and society. From 
effective treatments for disorders like Alzheimer’s, Parkinson’s, depression and autism 
to advances in fields as fundamental as computer science, economics, law, the arts and 
social policy, the potential for humanity is staggering. To learn more, visit: 
zuckermaninstitute.columbia.edu. 
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