
Intermittent Hypoxia Disrupts Adult 
Neurogenesis in the Dentate Gyrus

Marjan Moghaddam
Chelsea Pagan, PhD

Jan Marino Ramirez, PhD
Seattle Children’s Research Institute

Neurological Surgery Summer Student Program 2018

Presenter
Presentation Notes
Good evening everyone, again my name is Marjan, and I’m a rising junior at UC Davis. It has truly been a great pleasure to work with Dr. Pagan in the Ramirez lab for the past two months and be a part this amazing program. So, let’s get started  




Sleep Apnea (SA) and 
Intermittent Hypoxia (IH)

Sleep Apnea is a respiratory disorder in which breathing 

repeatedly stops and starts.

Caused by:
- Upper airway obstruction
- Failure of central respiratory network to signal

Oxygen Oxygen 

Results: Intermittent Hypoxia
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SA is respiratory disorder in which throat muscles, and tongue relaxes too much, blocking the air flow. This decreases the amount of oxygen in the bloodstream. CLICK 
Eventually the low oxygen level causes an arousal response, to make up for the deficit in the oxygen. This pattern repeats during sleep producing intermittent hypoxia, which translates to low oxygen (for the sake of time ill refer as IH.)
We are concerned with the IH  because it affects approximately 10% U.S adult population, including my dad. Not only it affects individuals life quality, also can have detrimental effects such as cardiovascular disease, daytime fatigue, stroke, and most importantly it increases the risk for CD. IH damages the nervous system, by targeting the DG in the hippocampus which is responsible for adult neurogenesis and new memory formation. 
 
muscle relax too much blocking the airflow, Bloodstream O2 decrease result in arousal 
cycle repeats to cause IH. We are worried about period in between 
side effect
target DG
 




Adult Neurogenesis
The process of generating functional neurons 

from adult neural precursors, occurs throughout 

life in restricted brain regions in mammals.
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CLICK Neurogenesis refers to the growth and development of new neurons and glial cells such as astrocytes from the neural stem cells in a specific region of the DG, called SGZ.   CLICK
On the left you see a picture of the DG and if we cut a section like square box you’d see combination of cells in just like the pic bottom right that has green cells in that are neural stem cells only in the sub granular zone. And as these cells divide and become neurons they integrate to the blue layer called granule cell layer. So not only DG has different regions but each region has specific cells. So, we only expect to see neural stem cell in the SGZ




Previous Experiemnt

• Male and Female mice P30 ± 5 days 

• Control IH (CIH) : exposed to IH for 30 days

• Control Group

• 80 intermittent hypoxia cycles/ day 

• Stained with DCX, chemical marker 

Murine Model 

Room Air, ~20% O2

Hypoxic Air, ~ 5% O2

DCX+ = Magenta, DAPI= Blue, Scale Bar = 100μm

Results
• CIH had fewer newborn neurons 

• CIH had more neural progenitor cells

IH affects adult neurogenesis in SGZ
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Previously, Dr. Pagan did an experiment where she exposed the mice to Intermittent hypoxic conditions. After 30 days she stained their brain tissue  using, DCX marker to label in immature neurons in magenta color. CLICK 
Here you see DG of the two groups. And if you were to count the magenta color neuron there is a significant reduction in the CIH group compared the control.  In addition to the results, we also saw an increase of the neural stem cells even though there wasn’t as many as neurons.
 
Murine sample
Special magenta color marker
Results : more neural progenitor cell and less immature neurons
 




Hypothesis 
• Intermittent Hypoxia increases the 

proliferation of neural progenitor cells and 

not glial cells.  

Glial cells:
CIH > Control ✓

Glial cells:
CIH ≤ Control  ✘
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This leads us to our hypothesis: 
IH increases the proliferation of the progenitor cells, but not number of the newborn neurons.
 We think that they can possibly turn into glial cells. So, we want to test this by counting the glial cells in two test groups. 
But the challenge is as I mentioned earlier, there are different niches in the DG. For instance, blue and the white regions are non-neurogenic, so you’d expect to see neurons and glial cells such as astrocytes, and the area between them is the SGZ the where the neural stem cells can be found.  CLICK if the resu;ts shows  No difference between groups likely that IH doesn’t affect glial cells. but if the results show more glial cells in the CIH our hypothesis is supported and if not, further experiment will be needed. 
 




Methods
Immunohistochemistry (IHC)
• SOX2: Neural Progenitor 

Cell and Glial cells 

• Ki67: Actively dividing cells

• DAPI: nuclei Marker, 

Neural Progenitor 
Cells

Confocal Imaging 
Z stack: combines multiple images taken at different 

focal distances to provide a composite image with a 

greater depth of field

GREEN

FARRED

BLUE

Immature 
neuron
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	For studying the non-neurogenic niches, I did an immunohistochemical stain. Mice tissue sections were stained for 3 markers: in green channel SOX2 found in the neural stem cells, but also astrocytes marked. In red channel  Ki67, it is a nuclear protein and it is only expressed during active phases of the cell cycle. Finally,  in blue channel DAPI to mark all the nuclei as an identifier. 
After the slides were prepared, CLICK we used confocal microscope to take z stack images. Z stack is optically sectioning through a stained tissue to see cells when they overlapped. 
 




FIJI ImageJ
• Protocol 
Automated Cell Count for different channels.

• Collaboration with another laboratory

Ki67+ = Red, Sox2+ = 
Green, DAPI = Blue, 
Scale bars = 100μm
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For counting cells in the z stack image, we are collaborating with a different laboratory. I wrote a protocol on how to do automated cell counting in the different regions of interest using FIJI image J. and the collaborators will just have to follow the steps and count the cells. 
Let’s just walk through one example, these three mages are same just different channel are expressed.  And The yellow line marks the region of interest, for this example I picked granule cells layer. And once the cells are identified in the region of interest the two image will overlap  the ones that are double labeled with sox2 and ki67 in the GCL will be count as glial cells. 



Results
Still in progress…
 The Intermittent Hypoxia increases proliferations of  neural 

progenitor cells in Sub granular Zone. 
 The Intermittent Hypoxia decreases the number of immature 

neurons. 

WHAT IS NEXT? 
 Cell count are going to be finished. 
 No difference between groups likely that IH doesn’t affect 

glial cells. 
 If more cells in CIH  CIH promotes cell proliferations.
 Less glial cells in  Further research is needed. 
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The results are still in progress but so far we know that intermittent decreases the number of newborn neurons, but increases the proliferations of progenitor cells in the hippocampus however, the resulting cells still remains unknown until the cell counting is finished. 
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