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Hello, my name is Emily Parlan and I spent my summer researching the effect of chronic intermittent hypoxia on adult neurogenesis in mice.



Background
• Chronic intermittent hypoxia 

is an established model for 
obstructive sleep apnea

• Obstructive sleep apnea is a 
highly prevalent form of 
sleep-disordered breathing

• Multi-system disease state 
affecting respiratory, 
cardiovascular and cognitive 
function

https://www.trivedieffect.com/wp-content/uploads/2013/09/sleep-apnea_infographic_01.png
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Chronic intermittent hypoxia, or CIH, is a model for obstructive sleep apnea, a highly-prevalent form of sleep-disordered breathing that affects 3-7% of men and 2-5% of women around the world. The disorder involves the periodic collapse of the soft pharynx during sleep, which blocks air from entering the lungs, reduces blood-oxygen levels, and causes an arousal from sleep and a burst of reoxygenation to the affected tissue. Not surprisingly, this repeated stoppage of breath has a number of negative health consequences, and can impact an individuals’ neurocognitive, cardiovascular and respiratory health. CIH mimics this stoppage of breath by alternating periods of normoxia, or normal oxygen levels, with periods of hypoxia, reduced oxygen levels, over a period of time. For this project, we defined hypoxia as 5%. - Osa decreases blood oxygen levels and stimulating an arousal (from sleep) and consequent burst of reoxygenation. neurocognitive impairment, increased risk of hypertension and increased risk of heart failure. positively associated with obesity, and has therefore been increasing in prevalence in the western world (3-7% men, 2-5% women worldwide)Chronic intermittent hypoxia is a model that can be used to study the effects of obstructive sleep apnea in the lab. It involves alternating periods of normoxia, or regular oxygen levels, with periods of hypoxia, or reduced oxygen levels, to mimic the repeated cessation of breathing observed in sleep apnea patients. Much of the research on hypoxia focuses on its effects on autonomic function, but what often what accompanies these pathological changes is cognitive decline and emotional dysregulation. Today, I will discuss how CIH affects neural circuits integral to learning and memory.Low ox = oxidative stress = bad (reactive oxygen species; damage cells, aptosis, disrupt normal signaling, etc)
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My research project focused on the effect of CIH on learning and memory circuits in the brain. In order to do this, we focused on the hippocampus, a region of the brain associated with the consolidation of short term memory to long term. Past fMRI studies have shown reduced activity in this region in hypoxic conditions. Specifically, we focused on the dentate gyrus, an area of continuing adult neurogenesis.We were interested in looking at two main groupings of cells within the dentate gyrus: the progenitors, or actively-dividing, stem-like cells with the potential to become mature neurons or glia, and immature and mature granule neurons, which are post-mitotic, electrically active cells. Both groups can be found in the subgranular zone, an area about 10-15 microns wide located on the inner side of the two “blades” of the dentate gyrus. This zone is the location of new cell division and proliferation, with more mature and aging cells migrating toward the outer edges of the blades, so this is where we focused our quantification efforts. You can see it outlined in the bottom image in yellow. In the sub granular zone of the dentate gyrus, a 10-15 micron wide region on the inner side of the two blades, we looked at progenitor cells – which are stem-like, actively dividing cells that can then differentiate into neurons or glia – and granule neurons, which are post-mitotic, electrically active cells. The neurons of interest can be found in the subgranular zone, located between the two “blades” of the dentate gyrus. The progenitor pool, including progenitor and intermediate progenitor cells, are stem-like cells that divide, proliferate and differentiate into neurons or glia. The neuronal pool, including immature and mature granule neurons, are post-mitotic cells that… (do functions?? Receive signals and stuff) 



Experimental Design
• Treatment groups: 
 Control 
 CIH
 Control + MnTmPyP
 CIH + MnTmPyP

• CIH paradigm
 1 min 5% oxygen 
 5 min 20% oxygen 
 Repeated 8 hr/day, for 30 days

Manganese tetrakis porphyrin
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We then looked at four treatment groups: control and CIH, and control and CIH with MnTmPyP. MnTmPyP, or manganese tetrakis porphyrin, is an antioxidant, a compound thought to protect cells against oxidative stress of the kind induced by hypoxic conditions. This allowed to investigate whether the effects of CIH could be, essentially, protected against, by relieving oxidative stress.The CIH paradigm for all experiments was set at 1 min of hypoxia at 5% oxygen, followed by 5 min of normoxia at 20%, repeated 8 hours a day during the animal’s sleep cycle for 30 days. 



Method
• Tissue preparation

• Immunohistochemical staining 

• Imaging

• Quantification

DAPI Sox2

DAPI Sox2    ki67
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once the treatments were adminstered, the tissue was fixed ,frozen and sliced, and immunohistochemical staining was performed to stain for different cell types of interest. i worked mostly with Tbr2, a transcription factor associated with intermediate progenitors, but many other stains were performed, including ki67, a proliferation in actively dividing cells, sox2 for neural stem cells, and double cortin for immature neurons. The stained tissue was then imaged using a confocal microscope, and cell counting was performed to quantify the data and allow us to compare differences in cell number/type among treatment groups. My work focused mostly on those last three steps of staining, imaging and quantifying. The image on top here is a triple-stained, 40x image, with DAPI is in blue, Sox2 in green, and ki67 in magenta. On the bottom is the same image after counting for sox2 labeled cells, with the region of interest outlined and red dots to mark where cells are present. You might notice that not all the red dots match up with the bright green cells, and that’s because the images were taken in multiple layers as the microscope focused through the tissue. So cells come into focus at different depths, and the dots help us count each individual cell without missing any or double-counting. Zeiss lsm 710, 40x- tbr2, a transc. factor to stain for intermediate progenitorski67 (prolif. marker in dividing cells), sox2 (neural stem cell) dcx/gfap/rfp (dcx stains mt-associated protein in immature neuron, rfp is pulse labeling in genotype+tamox), sox9/iba
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Tbr2 Data
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and here we have some preliminary Tbr2 cell count data. Again, the region defined in yellow is the subgranular zone, where cell proliferation occurs, and the red dots indicate the location of cells. DAPI is in blue and Tbr2 in green, withTbr2 labeled cells showing up as bright greenish-cyan marks. at just one animal from each treatment group, we can see what appears to be an increase in the number of Tbr2 labeled cells – or intermediate progenitors – associated with the CIH treatment. There is still much more quantifying to be done, but if this trend is consistent, then it would support this project’s previous finding that CIH increases the number of cells in the progenitor pool, while simultaneously decreasing the number of newly born neurons. In other words, CIH induces an increase in cell division, but a decrease of maturation. The mechanism for this Do I include any of the overarching findings? Like # proliferating progenitor increase but # neuronal decrease (more neurons, but fewer maturing)If need to fill time – put in backgroundTbr2 commited neuroblast
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thank you to dr. and mrs. ellenbogen for founding this program, it’s been an incredible experience that i never would have had the opportunity to have without; dr. ramirez, my pi and sponsor; chelsea pagan, my mentor, and the one who worked with and taught me everything i know; and jim and dontay, the administrators who made this possible. 
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