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Hello, my name is Karissa Lam and I am an incoming freshman at the University of Pennsylvania's School of Nursing. This summer, I had the splendid opportunity of working with Chelsea Pagan, a graduate student within Dr. Nino Ramirez's lab, studying the effect of chronic intermittent hypoxia on adult neurogenesis in mice. 



CIH as a Model for Obstructive Sleep Apnea
■ Obstruction of airway

– Less oxygen levels  
– Arousal increases oxygen 

levels dramatically

■ Risk factors
– Rise of adolescent & 

childhood obesity 

■ Affects 
– Respiratory function
– Cardiovascular function
– Cognitive function
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CIH sounds obscure and technical, but it’s relevant because it’s a model for obstructive sleep apneaCyclical  an obstruction of some sort (usually tissue) falls to back of throat and impedes air through trachea 	Lack of O2 with obstruction, and then arousal (usually in a gasp) which creates a huge burst of O2	risk factor of OSA is obesity – and with childhood obesity on the rise, obstructive sleep apnea is becoming more common in children & adolescents. 	 With this cycle happening repeatedly throughout the night, chronic intermittent hypoxia is an effective model of OSA. Impedes respiratory function, cardiovascular function and cognitive function Same oxygenation pattern in humansCan model in lab



Dentate Gyrus

Hippocampus is Important to Memory & 
Learning

Hodge & Hevner, 2011
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cognition is associated with the growth of new neurons in the hippocampus, an area of the brain that regulates learning and memory. . This summer I wanted to see how CIH affects the proliferation of neural stem cells in the hippocampal dentate gyrus. It is already established that CIH reduces the neurogenesis of mature neurons, so I hypothesized that the proliferation of neural stem cells would also be decreasedNew neurons --> cognition, hippocampusCIH reduces new neurons Brains make new neurons all the time – it doesn’t just happen when your brain is developing as a baby, but continues `to occur throughout your adult life. We call the creation of these new neurons neurogenesis. Adult neurogenesis occurs in 2 discrete regions; subgranular zone of the dentate gyrus in hippocampus, which is involved in memory and learning and				subventricular zone in olfactory bulb Pictured here is a diagram of neuronal maturation phases  essentially showing the stages of how neurons grow	Neurons start off as neuronal progenitor cells, then divide and become intermediate progenitor cells, then divide and become immature granule neurons, then divide and become mature granule neurons	not all neural stem cells become mature neurons – some of them stay in their same stage, and only some differentiate into mature neurons	Today we’ll just be focusing on the first stage of neurogenesis: neural progenitor cells.	Essentially we want to see how CIH affects the proliferation of neural progenitor cells by immunohistochemically staining mouse brain tissue with a marker for neural progenitor cells and calculating neural progenitor cell density in the dentate gyrus. 	The marker that we used to stain for neural progenitor cells is called Sox2 (short for Sex determining region Y- box 2), a transcription factor that is expressed only by neural stem cells. With all that in mind, we’ll compare the cell density of neural stem cells between different groups of mice, each of which have been exposed to varying levels of oxygen. 



What is the Effect of CIH on Neural 
Progenitor Cell Proliferation? 

Van Bohren, 2011
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Thinking about the overall question of the effect of CIH on neural progenitor cell proliferation, we went on to test this question on three different groups of mice. Each exposed to different levels of oxygen for 30 days. First, the control group of mice breathed normally for 30 days. These were the happy mice.The second group was our group of mice exposed to CIH. These mice were exposed 5 minutes of normal oxygen levels and 1 minute of hypoxia at 5% O2 for 8 hours every day for 30 days. These mice were less happy and probably felt like that red blood cell in the picture. third group of mice was exposed to the same oxygen levels as the CIH group, but were given daily injections of MnTMPyP, an antioxidant treatment. MnTMPyP reduces oxidative stress, so we wondered whether MnTMPyP would reverse the effects of CIH. Would reduce reoxygenation damage  After 30 days of respective different oxygenation, the mice were profused and brains dissected, then cryoprotected for slicing. Once the brains were sliced into widths of 40 micrometers, they were ready for staining. (ANIMATION) In order for Sox2, a marker for neural stem cells, to show when imaging, we needed to wash the brain tissue twice, each with different antibodies. Since Sox2 is a transcription factor, it doesn’t present itself on the surface of the cell, which makes it difficult for antibodies to bind to. In order for the antigens to present themselves on the surface of the cell, we needed to unlink the tightly-bound proteins by heating/cooling the tissue. Then, we washed the solution in a primary antibody overnight. On day two, we washed the tissue in a secondary antibody which amplifies the signal and provides fluorescence, letting it cure overnight. 	The fluorescence provided by the secondary antibody allowed us to image the tissue using confocal microscopy. 	With those images, we can calculate cell density by counting the number of cells in the subgranular zone of the dentate gyrus and comparing Sox2 cell density between groups. Now let’s see how the different groups compare to each other.Treated with MnTMPyP to reduce reoxygenation damageAntigen + primary antigen retrieval  secondary



Results
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You can observe the results of this phenomenon visually as well as numerically. The area just inside the blades of the dentate gyrus is the sub-granular zone – and you can see how between this control mouse and this CIH mouse, there doesn’t seem to be a notable difference in the density of cells. But when we compare this CIH mouse to this CIH + MnTMPyP mouse, you can see how the density of Sox2 cells is increased significantly.Do images first,  make graph appear! 236 MnTMPyP slice 2 stack 2, 300 slice 2, stack 3, 30 D 2-2 slice 1 stack 2



Conclusions
■ No difference between 

control & CIH

■ MnTMPyP increases 
neural progenitor cell 
proliferation

– How?
– Why?

■ Further questions
– Does CIH affect 

later stages of 
neurogenesis? 

– What is the affect 
of MnTMPyP on 
the maturation of 
neurons?

Sox2+ Cell Density
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Here’s another way to look at the data from these groups – you can see the spread of data from these three groups. MnTMPyP increases neural progenitor cell proliferation – which brings to mind further questions relating to the mechanism of MnTMPyP. How does MnTMPyP increase neural progenitor cell proliferation? And why? If I had an extra 2 years of time, I’d love to look at the affect of CIH on later stages of neurogenesis and its long-term effects.
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