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Use Poll Everywhere during today’s talk

Go to the website: PollEv.com/robinball843

Enter answers when prompted

You can ask questions at any time using the pinned 
Q&A question in Poll Everywhere

Test question: Where did you travel from 
to come to homecoming weekend?
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By age 20, you have all the nerve cells 
(neurons) you are ever going to have.

True or False?



Outline of lecture

How are new neurons made?

Where are new neurons made in adult 
mammalian brains?

What is the role of neurogenesis in learning 
and memory?

What is the evidence for adult neurogenesis 
in humans?

What regulates the rate of neurogenesis and 
how can we enhance it?



Neurons are made from stem cells

The process of making new neurons is called neurogenesis



Immature neurons express the protein DCX

DCX is a marker for newly made immature neurons

Merz et al., 2011, Euro J Neuro
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Stem cell niches for neurogenesis

Ventricle

Hippocampus

In adult mammals, there are two stem cell niches in 
the brain:

1. Subventricular zone
2. Dentate gyrus in 

hippocampus



Dentate gyrus
The dentate gyrus is a region of the hippocampus, which is important 
for making some forms of long-term memory

Neurogenesis occurs in the dentate gyrus and the new neurons stay 
in the dentate gyrus and grow their axons to other regions nearby



Image of neurogenesis in the mouse dentate gyrus

Image by Anna Engler, Wikimedia Commons

Red dye binds to the DCX protein, so the red cells are 
newly made immature neurons



Check your understanding

Let’s say an adult mouse has a stroke that causes 
long-lasting damage to the cortex (outer part of the 
brain). 

Why can’t the mouse’s brain recover from the 
stroke?

A) Adult mice cannot make new neurons
B) The stroke destroyed the stem cells in the brain
C) Adult mice do make new neurons, but not in the 

cortex
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Neurogenesis in dentate gyrus affects memory

Radial arm water maze tests 
if mice can remember the 
location of a hidden platform 
after multiple trials 

Day 1 Day 2
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Interpret the results

Based on the results in the graph, which of the following 
statements is true?

A) Neurogenesis is necessary for learning the maze task

B) Neurogenesis is necessary for long-term memory

C) The mice with impaired neurogenesis performed better 
in the maze task
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Neurogenesis in adult humans

The rate of neurogenesis decreases dramatically with age in both 
animals and humans

Older mice do still make new neurons, but do humans?
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Evidence for neurogenesis in adult humans

The key was carefully preserving the brain tissue hours 
after death

Then they stained the brain tissue to look for the 
presence of DCX (marking newly made neurons)

Moreno-Jimenez et al., 2019, Nature Med



Moreno-Jimenez et al., 2019, Nature Med

Evidence for neurogenesis in adult humans

PollEv.com/robinball843

What can you conclude from this graph?
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Regulation of neurogenesis

Positive regulators: Environmental enrichment (sensory and social 
stimulation), physical exercise, learning

Negative regulators: Chronic stress, decreased sleep, chronic drug 
use, neurodegenerative diseases



Neurogenesis impaired in Alzheimer disease

Moreno-Jimenez et al., 2019, Nature Med

more advanced 
stage of AD



Physical exercise enhances neurogenesis and memory

RE group: rats housed with a running wheel
SED group: sedentary rats that did not run

After exercising for 4 weeks, the rats had more newly made neurons 
in their dentate gyrus

Dark purple dye marks newly made neurons expressing DCX

Kodali et al., 2016, J Neuro

Sedentary rats (SED) Exercised rats (RE)
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Molecules involved in cognitive aging can be 
studied using parabiosis

In parabiosis experiments, the circulatory system of two different mice are 
connected together for a month, so the mice share blood and any signals 
contained in the blood



Neurogenesis in heterochronic parabiosis

Villeda et al., 2011 Nature

young old



Factors in blood can affect stem cell function during aging

Radiolab “Blood” episode: http://www.radiolab.org/story/308779-if-you-prick-us/



APP = mouse model of 
Alzheimer’s disease

control injected with young 
blood plasma

Young plasma improves memory in Alzheimer’s mouse model

Fear conditioning –
do mice remember a 
cage where they 
received foot shock?

Alzheimer’s mice with 
young blood injection 
have improved 
memory

Middeldorp et al., 2016 JAMA Neuro

Currently in phase II clinical trials with Alzheimer’s patients

If you want to learn more, check out the TED talk by Tony Wyss-Coray



SF start-up for young blood treatment

Started in 2017, but was shut down in 2019 by FDA



What do you think?

Would you recommend young plasma injections to an older family 
member or would you seek out this treatment for yourself?
A) Yes
B) No
C) Not sure

What if the young plasma could help someone who has a 
neurodegenerative disease like Alzheimer’s? Is it ethical to do young 
plasma injections in this case?
A) Yes
B) No
C) Not sure
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So, how do vampires stay forever young?

Blood from young people à increased neurogenesis


