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Good afternoon everyone, my name is Chuc Le, I’m a student from Hofstetter Lab at the University of Washington Medical Center. The project that I’m working on this summer is to study the effects of hemostatic nanoparticles after a traumatic spinal cord injury.



Prevalence of spinal cord injury

For a 25 year old patient, the estimated lifetime costs due to spinal 
cord injury can range from $681,843 to over $3 million

Currently, there are ~ 280,000 people living with traumatic SCI, and 
~ 17,000 new cases each year in the US
1.6 million folks with spinal cord dysfunction 

Data obtained from the National Spinal Cord Injury Statistical Center (https://www.nscisc.uab.edu/ )
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Injuries to the spinal cord is not only interesting as a biological problem but its result also leaves the patients with limited mobility and sensory function at and below the injury site. There is a large proportion of the SCI are caused by motor vehicle accident. And surprisingly, a large amount of the injuries are caused by falls. The other factors that cause this problem are from violence, sports or post medical and surgical treatments. Statistically, there are about 2 hundred and 80 thousand patients living with traumatic SCI and for each patient who is 25 years or older, the estimated lifetime costs can range from 600 thousand dollars to 3 million dollars. So, this injury happens commonly in the society, it costs a lot of money but currently it has no treatment. Our lab is very dedicated to study about SCI and hopefully we can find something that can help to minimize the effect on the spinal cord after the injury.
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Human spinal cord injury

Courtesy of K.C. Hayes & B. Kakulas (Western Australian SCI Databank)

Presenter
Presentation Notes
One of the first things that always happens after our body get injured is bleeding. And it’s bad, especially bleeding in the brain or in the spinal cord. Those places are the location of the nerves. Blood bleeding will build up pressure on the cord, which then will affect the nerves and thus will affect the mobility or sensory function of the patients. Also, our nerve doesn’t like blood cells, so it can cause inflammation if the bleeding gets to the spinal cord.
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Hemostatic Nanoparticles (hNPs)

Onwukwe et el., 2018. 
Bioconjugate Chem

Lashof-Sullivan et el., 2014. PNAS
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Hemostatic Nanoparticles are invented by Dr. Erin Lavik at the University of Maryland. Her previous work has shown many advantages of the hemostatic nanoparticles in the rodent and porcine liver after a blast injury. Their studies show that these nanoparticles help in reducing blood loss and increase the survival chance after blast injury. The study now is carrying onto human in Dr Lavik’s Lab, which has a lot of promising outcome. The Hofstetter Lab corporates with Dr.Lavik’s Lab and have the first study ever that learns about the effect of this promising hemostatic nanoparticles after a traumatic SCI and we then use our unique technique to observe hemodynamics around the spinal cord after the injury. Hemostatic nanoparticles are composed of biodegradable block copolymers, which will reduce the risk of long-term inflammatory reactions with our body. It is composed of the yellow PLGA-PLL core with PEG arms and functionalized with the green RGD peptides. And they usually are fluorescently tagged. Because of the PLL core, this particle is positively charged. As our cell membrane is negatively charged, the particles will work by taking advantage of the  clotting cascade through peptide binding to receptors on activated platelets such as glycoprotein IIb/IIIa receptor or RGD. Another credit for this nanoparticles is that it has the FDA approval.



Acute study
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Our study starts by doing the baseline US imaging. Then we give the animals 200kD contusion injury via the Infinite Horizon device. Then we injected the nanoparticles into the animals. After the injury, we do more US imaging acutely post injury and 4 hours post injury. Then we do cardiac perfusion and collect the spinal cord. We do our analysis based on the histological and US imaging.
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Contrast Enhanced Ultrasound (CEUS)

Contrast and Red Blood Cells 

Intravenous Injection

Definity vial
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We develop our unique CEUS technique with the collaboration with Dr. Matt Bruce at the APL. It works with micro-bubbles composed of lipid shell with heavy gas core. They are about the same size of the red blood cell so they won’t leave the blood vessels, and therefore are the perfect agents for imaging blood distribution and flow. The bubbles will be delivered to the animals by intravenous injection, usually is through the tail vein in our study. The bubbles are dissolvable in circulation, filtered by liver and can be cleared in about 15 minutes. Using this technique, we can see the tissue perfusion, flow power, and velocity of the blood. 
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The perfusion image shows the blood flow through the cord. Flow power shows the blood vessels near the spinal cord. And the velocity graph shows how fast and where does the blood flow. These are things that we’re working on right now so we don’t have any data yet. All we know are the perfusion deficit is getting larger and the difference in swelling throughout the injury time point. We also begin to develop a 3D reconstruction of the cord, and here’s an example of it.



Control: Lectin hNP Animal: Lectin/hNPs
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These histological slides show the distribution of lectin and hemostatic nanoparticles. Lectin is used to label the blood vessels. In the control animals, there’s no nanoparticles shown. But with the group got injected with nanoparticles, the particles seem to stay localized at the place where there’s no lectin. In order to visualize the distribution of the nanoparticles, we used the fancy Two Photon microscope to obtain the 3D image of a 1mm thick cleared tissue. 
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• Do hNPs have any effects in blood clotting
after SCI?

• Do hNPs help in recovering motor or sensory 
function after SCI?

Future Directions
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So overall, our study have found that the hNP primarily distribute near the ruptured blood vessels. However, we’re wondering if they have any effects in blood clotting after the SCI or they are just stucking at those ruptured areas. And we’re also wondering if it will help in recovering motor and sensory function after the injury. 
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Now, lastly, I would like to thank you the department of Neurological Surgery, especially our Chief, the Hoffstetter Lab and all of the faculties and staffs that have given us a very great opportunity this summer. We are having a great time attending lectures, doing lab work, hanging out together and learning from each other. This is a great summer and thank you so much for this opportunity. 
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