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Introduction: Cognitive impairments and general physical instability induced by myelin 

degeneration in the brain due to Multiple Sclerosis (MS), inflicts 350,000 people in the United 

States alone (NINDS, 2014). Treatments available for the public are generally 

immunomodulatory or immunosuppressive in nature. These treatments suppress symptoms, but 

make people susceptible to other types of diseases (Uccelli and Laroni, 2011). MS is an 

autoimmune disease in which cells in the immune system recognize healthy cells in the brain as 

foreign and therefore attack them, leading to many of the debilitating symptoms characterizing 

MS (Schmidbauer and Laursen, 2009). There are currently no definitive treatments to eradicate 

the disease itself, however, Mesenchymal Stem Cell (MSC) treatment for MS has shown great 

promise. Recent research has shown that these stem cells can promote the repair of nerve cells 

(Sadiq and Harris, 2012).  

 Nerve fibers and axons are responsible for transmitting nerve signals throughout the brain 

and body (Tsilioni, 2014). Myelin is the fatty tissue that surrounds nerve fibers in the brain and 

spinal cord (Saenz-Cuesta, 2014). During MS immune cells attack neurons and myelin in the 

brain leading to de-myelination (Camussi, 2010).  This results in nerve signals being slowed or 

blocked, causing MS symptoms. In MS immune cells attack healthy brain cells because they are 

unable to detect certain markers such as the major histocompatibility complex that help 

differentiate healthy body cells from foreign invaders (Chen, 2010). The major 

histocompatibility complex allows large proteins in immune system cells to identify compatible 

or foreign proteins (Tomasoni, 2012). The symptoms induced by demyelination become more 

severe as MS progresses. At the beginning symptoms may include lack of coordination, fatigue 

and numbness (Pittenger, 1999). As the disease progresses symptoms may include blurred or 

double vision, cognitive impairment and even a sudden onset of paralysis (Minguell, 2001).         



Depending on the progression of MS, severity of symptoms may vary due to the degeneration of 

the myelin sheath caused by the infiltration of immune cells (Brassington, 1998).  

Review of Literature: The 4 main types of MS include Relapsing-Remitting MS (RRMS), 

Secondary- Progressive MS (SPMS), Primary-Progressive MS (PPMS) and Progressive-

Relapsing MS (PRMS). RRMS is the most common form of MS, initially inflicting 85% of 

people diagnosed with MS (Biancone, 2012). RRMS is characterized by clearly defined attacks 

of worsening neurological function. These inflammatory attacks on the myelin called relapses, 

are followed by partial or complete recovery periods called remissions. Most people with RRMS 

transition to SPMS sometime during their disease state. SPMS is characterized by a steadily 

declining disease state with or without any relapses. PPMS only affects 10% of people with MS 

and involves slowly worsening neurological functioning without any acute relapses or periods of 

remission. Relapsing forms of MS are defined by inflammatory attacks on myelin. PPMS 

involves much less inflammation and as a result people with PPMS tend to have fewer brain 

lesions. SPMS is the rarest form of MS because it affects only 5% of people with MS (Baglio, 

2012).  In SPMS the disease gradually changes from the inflammatory process seen in RRMS to 

a more steadily progressive phase characterized by nerve damage or loss. People with SPMS 

may or may not have relapses but have no remissions. Based on the type of MS, different 

symptoms arise and are thus tackled with a certain treatment. 

Stem cells are undifferentiated cells that can give rise to cells of the same type or other 

kinds of cells that can arise by differentiation (Machado and Telles, 2013). MSCs are multipotent 

adult stem cells that are found in the bone marrow (Kolf, 2011). MSCs have been shown to lead 

to the repair of the myelin sheath in mice and subsequently have been looked at in depth (Sadiq 

and Harris, 2012). In mice, MS is known as experimental autoimmune encephalomyelitis.  When 



MSCs were extracted from a group of mice from their bone marrow, they were inserted back into 

their CSF. In the CSF, the MSCs became mesenchymal stem cell neural progenitors (MSCNPs) 

and were able to induce the proliferation of oligodendrocytes that make up myelin in the brain. 

Once the MSCNPs were able to differentiate into oligodendrocytes and replenish myelin in the 

brain, the mice were able to walk and run and proper cognitive function was restored.  

Hypothesis: MSC treatment generally involves extracting MSCs from a patient’s bone marrow 

and adding them to the patient’s central nervous system (CNS) via cerebrospinal fluid (CSF) 

(Frisher and Bramow, 2009). Once there, the MSCs become MSCNPs which have been shown to 

produce nerve cells and differentiate into oligodendrocytes, thus replenishing the cells that 

produce myelin in the brain (Uccelli and Laroni, 2011). In spite of this knowledge and advances 

in MSC treatment it remains ambiguous as to how these stem cells become neurons and other 

brain cells that produce myelin. Recent research has shown that microvesicals called exosomes 

that bud off these cells may play a key role and provide an answer as to how these stem cells are 

able to induce the proliferation of oligodendrocytes which produce myelin. 

Methods: Recent research at the Tisch MS center has shown promising results that exosomes 

play a role in causing MSCNPs to differentiate into oligodendrocytes, Exosomes are released 

from MSCNP stem cells as vesicles that bud off of cells (Sadiq and Harris, 2012). Inside these 

exosomes are cargoes of RNA, micro RNA and certain proteins (Biancone and Bruno, 2012). 

Last summer, MSCNPs were grown in the cell culture room. Exosomes were extracted from 

MSCNPs and also from human CSF, these exosomes were added to cultures containing 

progenitor cells. These cells were allowed to grow and differentiate for a few days in order to 

detect whether or not the exosomes were capable of causing the progenitor cells to differentiate 

into oligodendrocytes. Before this could be done their presence in the cultures had to be 



confirmed. Exosomes are so small that they are very difficult to detect, even under a microscope. 

So when the exosomes were added to cultures containing progenitor cells, we weren’t sure if the 

exosomes were actually present. Fortunately, Western Blot’s allowed us to detect the presence of 

exosomes.  Western Blots allowed us to identify the presence of specific proteins that were 

associated with the exosomes.  

Once exosomes were collected from MSCNP cell cultures or CSF by lysing the cell, they 

were used to prepare samples for the Western Blot. The Western Blot samples were prepared 

using the lysate, a buffer containing a blue dye that can be seen running on a gel and a reducing 

agent. They lysate contained our exosomes. The sample buffer which contained the blue dye that 

could be seen moving down the gel during electrophoresis allowed us to stop running the gel 

before the protein left the bottom of the gel. The reducing agent destroyed the 3D structure of the 

protein so that the protein could move down the gel in a straight line according to the number of 

amino acid links that made up the protein. This allowed us to separate the number of proteins by 

the number of amino acid links in the chain so that the wideness or narrowness of the 3D protein 

did not play a factor. The reducing agent also coated the protein in a negative charge which 

attracted the protein to the positive end or bottom of the gel during gel electrophoresis. Without 

the negative charge, the protein would not be able to be pulled down the gel. After we loaded the 

protein samples into a protein gel, we included a well with a sample called a ladder because it 

contained proteins of known size that separate during the electrophoresis. We used these ladder 

marks to estimate the size of the proteins in our samples. 

 



 After an hour, we saw that the proteins have moved from the top of the gel to the bottom. 

We couldn’t actually see the protein bands on the gel, but we could see the dye in the sample 

buffer. This confirmed that the smallest proteins had moved to the bottom of the gel along with 

the dye. In order to detect protein bands, we needed to transfer the bands to a membrane. 

Following this, we used a blocking solution which contained proteins that attach to the 

membrane in all places where the target proteins are not already bound. We were hoping to 

detect the presence of exosomes, so we used antibodies that bind only to the proteins Hsp-70 or 

Flotillin-1 (proteins specifically found in exosomes). We added a primary antibody directly onto 

the membrane. Then we added a secondary antibody that recognizes and binds to the primary 

antibody. This antibody was fused to a small protein called HRP. Once HRP was added along 

with an antibody, a substrate solution was added to the membrane. This solution reacted with the 

HRP to produce chemiluminescence. The luminescence was able to be detected with UV light.   



 

Results: HSP70 has a predicted molecular weight of 53-70 kDa and Flotillin-1 has a predicted 

molecular weight of 45-50 kDa. Since we saw bands of these molecular weights, it confirmed 

that the proteins were present and therefore the exosomes containing those proteins were present 

in the sample. So in the Anti-HSP70 blot we used an MSCNP lysate that contained exosomes 

and blotted the membrane with an antibody that recognizes and binds only to HSP70. The results 

suggest that we can detect the presence of exosomes in an MSCNP lysate. For the Anti-Flotillin-

1 blot we used CSF from MS patients and looked for the presence of exosomes by blotting for 

Flotillin-1. Since we saw bands between 45-50 kDa, this suggested that the exosomes were 

present in our CSF samples.  
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Discussion: All in all, now that the presence of exosomes has been confirmed in our samples, we 

can test how exosomes effect MSCNPs and if they are the reason why these cells are able to 

differentiate into oligodendrocytes. We hope to see that the addition of exosomes to media 

containing progenitor cells results in an increase in the rate of differentiation of progenitor cells 

into oligodendrocytes. If this occurs, we can finally determine the cause of why MSCNPs are 

able to produce brain cells that are depleted in MS.  
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