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“Our brains are what make us human… Yet 
despite  decades of re search—and impressive  
knowledge  gathe red about othe r aspects of 
the  human body, including our entire  gene tic 
sequence—the  brain remains large ly 
unknown… The  Allen Institute  for Brain 
Science  was established to answer some of 
the  most pressing questions in neuroscience , 
grounded in an understanding of the  brain 
and inspired by our quest to uncover the  
essence  of what makes us human” (Allen 
Institute  for Brain Science). 
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(Doughton, 2015)

Presenter
Presentation Notes
BOTH- “This summer, we had the privilege of working at the Allen Institute, within the Cell Types project under our principal investigator, Dr. Ed Lein. We were apart of a team led by Dr. Jonathan Ting and were mentored by scientist Peter Chong for the past 8 weeks.”



Project Objective

Verify viral vectors’ 
effectiveness in 
tagging medium spiny 
D1 or D2 neurons in 
the striatum
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Presenter
Presentation Notes
I think if were talking ab D1/ D2, we could pull up a picture of the specific neurons→ I couldn’t find them on Allen’s data but maybe we could get one from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097649/H



The Big Picture

Diseases/Conditions Affected by the 
Basal Ganglia:

● Huntington’s Disease
● Parkinson’s Disease
● Obsessive  Compulsive  Disorder
● Toure tte  Syndrome
● Addiction
● Schizophrenia
● Depression

Possible Applications:

● Studying D1 and D2 neurons
● Gene  the rapy
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(Yardeni et al., 2011)

(Yardeni e t al., 2011)

3 Weeks 

Retro-Orbital
Injection
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Perfusion

(Gage , 2012)

Method: Retro-Orbital
Injection

Immunohistochemistry &
Electrophysiology 

Pe rfusion

Presenter
Presentation Notes
H:RO; CJ:PERFUSION-In order to perform a retro-orbital injection, the animal is first anesthetized. Then the operator pulls back the skin from around the animal’s eye so that it appears to be bulging (though being careful to not obstruct the trachea or any of the cervical vessels). Next, the needle is introduced at an angle into the medial canthus and the virus injected once it reaches the retro-orbital sinus.Weeks later, a perfusion is performed to keep the brain alive for hours after it is dissected. The animal is anesthetized and layed dorsally. The operator cuts to reveal the abdominal cavity, then snips the right atrium of the heart to impede blood from reentering the heart. NMDG (a solution to keep neurons active and firing after dissection) is injected into the left ventricle and perfused throughout the entire body. Finally, the brain is dissected and prepared for either electrophysiology or immunohistochemistry.



Striatum (STR)
Substantia Nigra (SNr)
Globus Pallidus (GPe)

(Allen Brain Atlas)

Method: 

Immunohistochemistry (IHC) : using antibodie s 
and fluorescence  to de tect the  location of targe t 
antigens in whole  tissue  slice s (Abcam)
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Retro-Orbital
Injection

Immunohistochemistry & 
Electrophysiology

Perfusion

Electrophysiology (Patch Clamp Method): “a 
ve rsatile  e lectrophysiological tool for 
unde rstanding ion channe l” conductance , voltage , 
and membrane  potential (Molecular Devices)

(Neupsy, 2016)

*

Presenter
Presentation Notes
Also SN and Gp are part of striatum? →  no, they’re where the neurons in the striatum project toH:IHC; CJ:PATCHING- For immunohistochemistry, the brain is fixed under paraformaldehyde. Since D1 MSNs project from the striatum to the SNr and D2 to the GPe, the brain is sliced sagitally to reveal all three sections in one piece. Slices that have all three areas are undergo the process to label the D1 and D2 MSNs and enhance the viral signal. Primary and secondary antibodies are introduced to the tissue to bind to and fluoresce the somas of D1 and D2 neurons (DARPP 32) and to enhance the viral signal (GFP). Once this is done, the tissue is looked at under corresponding fluorescent signals of the antibodies in order to visualize the signals. If co-labeling is seen in SNr, we know the virus labels D1 MSNs; GPe, D2.In electrophysiology, the electrical characteristics of individual cells is studied. An electrode filled with a solution that mimics the interior of a neuron is placed on top of a single cell. Pressure is applied to form a suction with the cell so that the interior of the neuron and the electrode become combined. Once this is done, various techniques can be done to analyze the cells’ voltage, current, and membrane potential (which is unique to each type of cell and can be used to determine what type of cell is being studied). A dye can also be injected into the cell to visualize the whole cell and the picture sent to other teams to reconstruct and analyze that cell’s morphology.



Project Results
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Striatum StriatumStriatum

STR GPe
STR GPe GPe

STR

Presenter
Presentation Notes
Used enhancers to make virus that would label either D2 or all D1 and D2. 2010 and 2011 didn’t have great results (the enhancers didn’t tag those neurons well), but 2025 worked very well. Clearly labeled all striatum and could see both the projections through the direct and indirect pathways so it labeled both D1 and D2 yipee. Enhancer found from paper that said would work in striatum and Jonathan looked at it from cortical and made sure it worked in both human and mice so it will work in rhesus and macaque 



Project Results
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Presenter
Presentation Notes
Used enhancers to make virus that would label either D2 or all D1 and D2. 2010 and 2011 didn’t have great results (the enhancers didn’t tag those neurons well), but 2025 worked very well. Clearly labeled all striatum and could see both the projections through the direct and indirect pathways so it labeled both D1 and D2 yipee. Enhancer found from paper that said would work in striatum and Jonathan looked at it from cortical and made sure it worked in both human and mice so it will work in rhesus and macaque 



Possible Application
Parkinson’s Disease (PD): a degenerative neural disease 
as a result of dopamine (DA) depletion that disrupts the 
normal neural circuitry linking thoughts and action

Medium spiny D1 and D2 neurons (D1 and D2 MSNs) are 
apart of the basal ganglia circuit that help facilitate 
movement, learning, and cognition but become 
dysfunctional with DA depletion (Wei, 2017).

The mechanisms behind the development of symptoms of 
PD are unknown.

Understanding how D1 and D2 MSNs function in healthy 
tissue is a necessary first step in discovering their role in 
PD.
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Presenter
Presentation Notes
-d1→ facilitate movement, GPi and SNr (direct path)-d2→ inhibit movement, GPe (indirect)-Become dysfunctional when DA depletion-D1 and d2→ emotion, habit, memory, cognition, GABAergic, receive collateral inhibition, DA loss increases their supersensitivity
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