
Introduction
During my coop, I worked for the MGH Institute for 

Neurodegenerative Disease. This facility is dedicated 

to research in finding treatments and cures for 

common neurodegenerative diseases such as 

Alzheimer’s, Parkinson’s, ALS (Lou Gerhig’s), and 

Huntington’s. The blood brain barrier is unique 

feature that inhibits transfer of many molecules and 

drugs into the brain. Two of the current drug delivery 

methods, intracerbral and intraventricular injection, 

are very invasive and involve major surgery, and 

therefore are not ideal for use on humans. We looked 

at a new viral vector, termed a vexosome, which 

corresponds to an adeno-associated virus (AAV) 

encased in a lipid membrane, to allow for greater 

efficiency in passing the BBB after peripheral 

injection in the bloodstream (fig. 1). Using this 

vector, we hope to avoid immunogenic responses in 

subjects that have already attracted the vector, as well 

as increase the number of cells that are transduced 

with our target gene.

Activity
While on coop, I had many roles related to two main projects. For the vexosome project, I used AxioVision to image coronal 

brain slices to compare overall transduction efficiency between experimental groups. I captured images with GFP (transduced 

cells) and DAPI (all cell bodies) illumination (fig. 2). The second main role I had on the project was quantifying transduction 

using CAST stereology. We looked at transduction of two cell types, astrocytes and neurons, in three unique brain regions: the 

striatum, cortex, and hippocampus. Then, we compared ratio of transduced cells to the total number of each cell counted in 

each region. 

The second project I worked on included studying how the presence of the ApoE gene (implicated in many cases of late-

onset AD) in transgenic mouse models could affect neuronal function. For this project, I was able to get hands on experience 

with many advanced research techniques such as stereotaxic injection, western blots, cranial window surgery, 2-photon 

microsopy, immunohistochemistry, sacrifice and perfusion, and many more.
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Outcomes
We were able to find a significant 

difference between the AAV9 and the 

vexosome experimental groups. The 

vexosome out-preformed the standard 

AAV9 vector in almost every brain 

region that we looked at, and in both 

cell types. While the overall 

transduction percentages weren’t high 

(most of them fell below 10%), in terms 

of the numbers of cells in the brain that 

is an impressive percentage to be able 

to target.  We hope that in the future 

with cell-specific promoters, we can 

increase these percentages to even more 

remarkable numbers and avoid 

unintended transduction of other organs 

in the body. Collaborators on the project 

also applied the new vexosome

technology to other areas of study. 

These included the inner ear hair cells 

and the retinal cells. Both regions 

showed impressive increase of 

transduction with use of the vexosome

vector.

Reflection
This was my first coop placement, and I 

could not have asked for a better 

experience. I feel that I was able to 

learn a lot of really interesting and 

relevant techniques that I can bring with 

me to any lab that I want to join in the 

future. 

After being trained, I was able to 

work very independently creating my 

own schedule and planning my own 

week around getting certain 

experiments done. My boss was always 

right around the corner in case I had a 

question or wanted clarification on a 

procedure I was preforming. One part 

of the experience I really appreciated 

was I felt that my boss was really intent 

on not just having me do certain 

protocols, but also understanding why I 

was doing them in the bigger picture of 

the research question. She encouraged 

me to think critically about what the 

results of each experiment went and 

what we should look at next based on 

what we learned. 

From my experience, I learned that 

I like to create my own agenda and can 

successfully plan and organize my work 

to ensure all of it is completed in a 

timely manner. I also grew to appreciate 

how much work research is. There is 

truly no end to what we can learn. 

Every result we obtained led to 10 more 

questions about the topic, and countless 

more experiments we could do to learn 

more. I am proud of the work that I 

accomplished on coop and want 

everyone to know the fantastic 

opportunity this placement offers.
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Figure 2. Overall transduction of cells in coronal 

sections of the mouse brain after intravenous 

injection with AAV9 or vexosome. GFP shows 

transduced cells in green while blue cell bodies 

are labeled with DAPI.

Vexosomes: a new viral vector for gene therapy

Figure 1. Maguire et al. Mol Ther 2012. (a) AAV is present 

in cell both as free and microvesicle-associated 

(vexosome) (b) Vexosome up close. The target DNA can 

be packaged inside the AAV and cell specific promotor

proteins can be incorporated in the membrane. Figure 5. Transduced purkinje cells in the cerebellum

Figure 3. Quantification of the number of astrocytes transduced in 3 

brain regions. All were significant except the hippocampus.

Figure 4. Quantification of transduced neurons in 3 brain 

regions. All data was found to be significant.
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