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Exosomes are extracellular vesicles (EVs) ranging in size from 40- 
160nm, they are formed by endocytosis and then released from the cell 
by exocytosis.¹ Exosomes have a lipid bilayer and contain nucleic acids, 
proteins, lipids, and metabolites.¹ Their main function is to aid in 
cell-cell communication, which they do by binding to the receptor on a 
target cell and releasing its cargo into that cell. The proteome of 
exosomes reflects that of the originating cell,¹ therefore exosomes from 
cancer cells aid in metastasis. As a result, research of how exosomes 
contribute to metastasis as well as possible uses for exosomes in 
therapeutics for cancer is of great interest. 

It is known that alcohol consumption over a period of time increases a 
person’s risk of colon cancer ², however the cellular mechanisms that 
mediate the effects of ethanol on colorectal cancer are still unknown.³ 
When ethanol is consumed, it is metabolized to acetaldehyde which is a 
carcinogen. ² Additionally, ethanol and acetaldehyde increase colon 
permeability which leads to an increase in susceptibility to carcinogens.
³ It would be beneficial to determine if exosomes played a role in this 
process. In this study cells of the rectal cancer cell line, DiFi, were 
treated with ethanol to recreate an alcoholic environment. From there 
the exosomes secreted were isolated and purified, and then analyzed to 
determine protein contents.
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Figure 3.
Concentration of medium 

using dialysis tubing in 
cellulose powder.

After  concentration in cellulose powder, samples were dialyzed three times in 1x TAE (*) buffer.
*Method for isolation and purification of exosomes developed through discussion with Dr.James 

Higginbotham and Dr. Jeff Franklin in Dr.Robert Coffey’s lab at Vanderbilt University.

Figure 4. Electro 
purification of 
concentrated 
samples via 

electrophoresis in 
TAE buffer.

Prior to analysis, purified samples were dialyzed three times in PBS. The sample was 
further concentrated using a centrifugal filter and centrifugation. After spin filter 
concentration, the sample left in the filter was collected and centrifuged again at 

18,000xg for 30 minutes.
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Figure 1.Methods of exosome purification and proteomics analysis 
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● Treatment 
○ Half the cells were treated with 44mM ethanol for three days 

while the other half were untreated as a control
○ On the third day, the cells were washed three times with PBS and 

cultured in serum-free medium for 24 hours. 
● Collection

○ Media was collected from the cells and centrifuged at 300g for 15 
minutes at 4°C to remove unwanted cell debris. 

Samples were resuspended in 15 µL 0.1% formic acid in water. The 
samples were then analyzed using a liquid chromatography mass 

spectrometer, using reverse phase (Jupiter C18, 5μm, 100Å) coupled 
with a linear ion-trap (Thermo LTQ) mass spectrometer using 

data-dependent analysis.

After the BCA protein assay, short stack in gel digestion and SCX StageTip 
fractionation was used to prepare the samples for the LC-MS/MS. 

● Cell Culture⁴
○ DiFi colorectal cancer cells were cultured in DMEM media 

with 10% fetal bovine serum and 1% penicillin/streptomycin 
○ Cultured until cells were 60-70% confluent

Figure 2. Control DiFi cell 
culture plates 

● Webgestalt GO analysis indicated that metabolic process, biological regulation, 
and response to stimulus were the top biological process categories for the 
proteins that were identified.

● The top cellular component categories  were vesicle, extracellular space, and 
membrane which indicates that the exosomes were processed correctly and that 
the proteins identified came from them.

● The top molecular function categories were protein binding nucleic acid binding 
and ion binding.

● Table 1 indicates some proteins that are key markers of exosomes and the levels of 
each that were in each sample. Without replicates it cannot be concluded that the 
levels are significant proof of exosomes, but it is a good initial indication that they 
are present.

● Table 2 depicts the proteins that showed an increased expression in the control 
samples when compared to that of the ethanol. Interestingly, EGFR showed that 
increased expression. 
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RESULTS

Gene Id Gene Name

CNTR

Filtered Spectra

EtOH

Filtered Spectra

ANXA2 annexin A2 22 24

EEF1A1 eukaryotic translation elongation factor 1 alpha 1 59 62

PDCD6IP programmed cell death 6 interacting protein 86 60

CD9 CD9 molecule 18 11

CD81 CD81 molecule 7 0

MVP major vault protein 38 20

EGFR epidermal growth factor receptor 158 82

Figure 7. GO Slim Classification from Webgestalt6 Table  1. Selected Exosomal Markers Present in Control and Ethanol Treated Samples

Gene Id Gene Name

CNTR

Filtered Spectra

EtOH

Filtered Spectra

PRDX1 peroxiredoxin 1 15 39

PRDX2 peroxiredoxin 2 0 5

ALDH16A1

aldehyde dehydrogenase 16 family 

member A1 4 9

KTN1 kinectin 1 4 29

DPYSL2 dihydropyrimidinase like 2 5 23

EEA1 early endosome antigen 1 18 79

VCL vinculin 3 17

PTK7 protein tyrosine kinase 7 (inactive) 22 50

EZR ezrin 14 30

Table  2. Genes of Interest That Showed Increased Levels of 
Expression in the Control Samples When Compared to the Ethanol

Table 3. Genes of Interest That Showed Increased Levels of 
Expression in the Ethanol Samples When Compared to the Control

Gene Id Gene Name

CNTR

Filtered Spectra

EtOH

Filtered Spectra

EGFR epidermal growth factor receptor 158 82

ITGA6 integrin subunit alpha 6 41 14

ITGB1 integrin subunit beta 1 35 6

ATP1A1 ATPase Na+/K+ transporting subunit alpha 1 46 2

ITGB4 integrin subunit beta 4 24 1

CLDN3 claudin 3 13 0

PTGFRN prostaglandin F2 receptor inhibitor 19 0

● In conjunction, the two integrins (ITGA6 and ITGB4) that are involved in the 
signaling of EGFR also show increased levels of expression 

● Table 3 depicts the proteins that showed an increased expression in the ethanol 
samples when compared to that of the control. Some interesting proteins that 
showed increased expression are Peroxiredoxin 1 and 2 and ALDH16A1. These 
proteins are involved in pathways having to do with oxidative stress and lipid 
peroxidation. Understanding how these proteins are a part of ethanol’s 
mechanisms could lead to interesting conclusions.

● Other areas and proteins that showed the potential for future research include 
vesicle motility, endocytosis, and endosomal trafficking indicated by KTN1, 
DPYSL2, and EEA1. And cell structure, adhesion and proliferation indicated by EZR, 
PTK7, PRDX1, and VCL.

● Without replicates the statistical significance of any changes cannot be 
determined. Therefore, there is not enough evidence to draw any conclusions. 
Further research needs to be done and more time needs to be allocated to data 
analysis.


