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6.1    Introduction 
 

The purpose of this chapter is to explain my research to a broader, nonscientific 

audience. I chose to write this chapter because I feel that science has become increasingly 

unapproachable for the general public. Technology is advancing so fast and has become 

so complex that it’s easy for people to be intimidated and distrustful of science. I’m 

incredibly saddened for the people who hold these views because I’ve always viewed 

science as a means for understanding our world. It’s a way to ask the question “why” 

without getting the response “because I said so.” Although misinformation is on the rise, 

I largely blame the public distrust of science on our education system. In my high school 

science classes, I was bombarded by facts which I needed to memorize. Once these facts 

were regurgitated to pass my exams, they could be immediately ejected from my brain. I 

strongly feel that a science curriculum centered around critical thinking would be much 

more beneficial to the general public for understanding the nature of science and 

scientific thinking. 

 In my high school physics class, I learned that the speed of light is approximately 

300 million meters per second, but I was never taught how we figured out that number. 

Similarly, it’s great that I learned that the world is approximately 4.5 billion years old, 

but how do we know that? If we take these facts by faith instead of by evidence, then it 

becomes “just as valid” to say that the world is 2020 years old as it is 4.5 billion years old. 

Public distrust of science stems from a failure of transparency and communication in the 

scientific community. Logistically, there are not enough hours in a K-12 education to 

teach people how humanity arrived at all of our scientific breakthroughs, but it is my 

hope that this chapter for nonscientific audiences provides a transparent and accessible 

means to demystify the research that I have accomplished during my time in graduate 

school. 
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6.2    DNA Encodes for Proteins 
 

DNA has been referred to as the “blueprints of life” but they’re actually the blueprints 

for creating proteins, which are the molecules that provide structure, function, and 

regulation for all cells. Proteins are much more difficult to study than DNA, but it’s 

important to study proteins because the proteins don’t always look like the blueprints 

intended. You can think of DNA as being directions for building houses and proteins as 

those houses. Sometimes a homeowner will tear down a wall or add on a new addition. 

These changes to the house aren’t reflected in the blueprints, but they can dramatically 

change the structure and the function of the house. Similarly, proteins can undergo 

changes within the cell that aren’t specified by the DNA. Additionally, just because you 

have blueprints doesn’t mean that the house was actually constructed. All of your cells 

share the same DNA, but there’s an incredible amount of biological diversity between 

your tissues because of the differences in which blueprints your cells choose to use. Your 

genome is the collection of all your DNA and goes largely unchanged throughout your 

life. However, your proteome (which is the collection of all of your proteins) can be highly 

variable in response to stress, disease, and environmental factors. In terms of healthcare, 
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genomics is useful for telling you what could happen, while proteomics is useful for 

telling you what’s happening right now. 

 

6.3    Cancer Immunotherapy 
 

Your immune system uses proteins to monitor all of your cells and determine which 

cells are healthy and unhealthy. Each cell is responsible for identifying itself to the 

immune system by cutting up some of their own proteins into small molecules called 

peptides. These peptides are then transported to the cell surface and displayed so that the 

immune system can recognize if there’s a problem with a cell. If the immune system finds 

a peptide that it doesn’t expect, then it kills the cell that’s displaying the unusual peptide. 

Your immune system is very effective at doing this and is able to kill most cells that 

develop dangerous mutations, but it’s not a perfect system. Cancer occurs when a cell 

mutates to become immortal and is able to hide this mutation from the immune system. 

There’s at least one peptide produced by the cancer cell that isn’t present in normal 

healthy cells, but the cancer cell is preventing the immune system from recognizing the 

unusual peptide responsible for the cancer. Scientists are still trying to figure out how 

cancers hide from the immune system, but there’s evidence that cancers can display fewer 

unusual peptides (like a disguise) or by disabling the immune system.1 

Cancer immunotherapy is a promising treatment option for many patients and 

several drugs are already available. The idea behind cancer immunotherapy is to figure 

out which unusual peptide is being produced by the cancer cells and then train the 

patient’s immune system to specifically attack the cells that are displaying this peptide, 

sort of like a vaccine. There are huge benefits for this therapy in comparison to traditional 

methods like chemotherapy. Chemotherapy indiscriminately kills both normal and 

cancer cells, but cancer immunotherapy only kills cancer cells. The biggest challenge for 
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developing new cancer immunotherapy treatments is to identify the unusual peptide 

that’s being presented by the cancer cell. Cancer is actually many different diseases. There 

are countless mutations which allow a cell to become cancerous and each mutation 

requires a unique solution. Unfortunately, there are many types of cancer for which 

researchers have been unable to find a tumor-specific peptide. As a workaround, 

researchers will sometimes train the patient’s immune system to recognize peptides 

which are displayed in large amounts on cancer cells and low amounts on healthy cells. 

This workaround has been effective for treating some cancers, such as HER2+ breast 

cancer, but it also kills healthy cells in the process. HER2+ breast cancer is a type of breast 

cancer that displays large amounts of the protein “human epidermal growth factor 

receptor 2” (HER2). Normal cells also display HER2, but at much lower levels. Training 

the patient’s immune system to focus on HER2 allows the immune system to kill HER2+ 

breast cancer, but it also makes the immune system kill healthy cells. The destruction of 

healthy cells can have serious side effects and even result in death.2 

 

6.4    Identifying Peptides using Mass Spectrometry 
 

My research has been developing methods to identify unusual tumor-specific 

peptides. Just like how a house is made out of multiple rooms, peptides are made out of 

multiple pieces called amino acids. Each amino acid is linked to another amino acid to 

create a train. We need to identify all amino acids and the correct order of these amino 

acids to be able to identify a peptide. We can do this using an instrument called a mass 

spectrometer. Mass spectrometers are basically molecular scales which can determine the 

mass of a molecule. We can measure the mass for our peptide to help us determine which 

amino acids are in our peptide, but we need more information to determine the order of 

these amino acids. Inside the mass spectrometer, we blast the peptides with energy to 
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break a single chemical bond on each peptide and create fragments (Figure 6.1).  We can 

then determine the order of the amino acids based on the masses of the fragments. 

Mass spectrometers are incredibly fast and can identify tens of thousands of peptides 

per hour. They generate too much data for researchers to analyze by hand, so software 

programs have been developed to quickly analyze the data and identify each peptide. 

These programs work by taking advantage of the fact that DNA encodes the instructions 

for proteins. First, they translate the DNA to get a database of all proteins in the sample. 

Figure 6.1 Cartoon representation of how a peptide fragments. Each colored cylinder 
represents a different amino acid. A mass is measured for the intact peptide as well as for each 
of its 14 fragments.   
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Next, they virtually cut up these proteins into peptides and predict what the data should 

look like for each peptide. They then use a pattern matching algorithm to compare the 

observed and expected list of masses for each peptide and determine the best 

identification for each peptide. This approach works well for identifying peptides that 

look like their blueprints, but it is unable to identify peptides that don’t have blueprints 

(recall that peptides can be changed after they’re made).  

 

6.5    Identifying Post-Translationally Spliced Peptides 
 

In 2016, a scientific paper was published claiming that a large fraction (30%) of the 

peptides displayed on the cell surface were different from their instructions.3 These 

modified peptides are called post-translationally spliced peptides (PSPs) because they 

come from two different peptides being spliced (cut and pasted) together after the DNA 

has been translated by the cell to make proteins (Figure 6.2). There weren’t any methods 

available for researchers to identify PSPs because they’re different from their instructions 

and the instructions are needed by existing methods to identify peptides. I developed a 

software program that can identify these PSPs and allow cancer researchers to determine 

if any of them are useful for cancer immunotherapy. 

Although PSPs are not in the blueprint database, the two halves of each PSP do have 

blueprints. If you were trying to identify a mermaid, you might incorrectly say that it’s a 

fish or a human. I created a program that could identify PSPs by identifying the two 

halves (fish and human) and then putting the pieces back together. First, I made two 
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separate lists of fragment masses for each peptide in the database. All of the fragments 

that contain the left end were put in one list and all of the fragments that contain the right 

end were put in a separate list (Figure 6.1). For the mermaid analogy, you can think of 

this as putting all the features above the waist in one search and all the features below 

the waist in another search (Figure 6.3). The idea was to use the list of masses from the 

left side to identify the original left peptide and use the list of masses from the right side 

to identify the original right peptide. The observed mass list contains both sets of 

fragments, so neither the left nor the right pattern is a perfect match for PSPs. For 

example, comparing a fish tail with the mermaid shows similarities, but the mermaid still 

has a top half that’s different from the fish tail. The closest matches from both sides are 

then combined in all possible combinations until the mass of the combination matches 

the observed peptide mass. 

Figure 6.2 Cartoon representation of a post-translationally spliced peptide. Two existing 
peptides both contribute sequences which are then pasted together. The new post-
translationally spliced peptide still looks like a normal peptide, but there are no instructions 
for this peptide in the DNA.   
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After I made this tool, I started looking for PSPs. Lots of mass spectrometry data has 

been made publicly available and I took advantage of this free data. I downloaded data 

from both normal cells and tumor cells and analyzed it with my tool to find PSPs.  I was 

expecting about 30% of the identified peptides in each dataset to be PSPs because of the 

previous paper, but less than 1% of all the peptides I identified were PSPs. This was 

concerning because it meant that either the previous paper was incorrect or my tool was 

not very good at finding PSPs. I simulated a large amount of PSP data and showed that 

my program was effective at finding PSPs, so I needed to figure out what was wrong with 

the previous paper, which claimed that 30% of peptides were PSPs. That paper made it 

through the peer review process, but sometimes reviewers can miss things. Mistakes 

happen and it’s an important part of the scientific process to constantly be self-correcting 

and searching for the truth. I discovered that the original researchers had a statistical 

issue in their analysis that caused them to greatly overestimate the number of PSPs in 

their sample. An easy way to see this statistical issue is to look at the order in which the 

peptides were identified (Figure 6.4). Peptides are sorted based on how well they dissolve 

Figure 6.3 Finding a PSP is like finding a mermaid. The two halves come from known peptides 
(animals), but the PSP (mermaid) doesn’t look exactly like either of them. Using two searches 
for each half allows us to identify the two parts and then put them together to solve the puzzle. 
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in water before they enter the mass spectrometer. Peptides that dissolve well in water are 

identified first and peptides that don’t are identified last. We have equations than can 

predict when a peptide should be identified and we can use this information to determine 

if our identification is correct or not.4 I teamed up with another lab that was investigating 

this same statistical issue and we worked together to publish rebuttals showing what 

went wrong.5-7 These rebuttal papers are important to the field so that cancer researchers 

don’t waste time and resources looking for PSPs that don’t exist. 

 

 

 

 

 

Figure 6.4 Peptides are separated before analysis. The order in which they separate is related 
to the chemical properties of each peptide. We predicted the separation order and compared it 
with the observed separation order. Correct identifications produce a nice straight line and 
incorrect identifications are a random scatter. Similarly, the PSPs reported in the previous 
paper resemble incorrect identifications.  
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6.6    Conclusions and Future Directions 
 

I developed a tool to identify post-translationally spliced peptides (PSPs), but I found 

that there weren’t many PSPs displayed on the cell surface. This means that PSPs are 

unlikely to be useful for cancer immunotherapy and the tool probably won’t be used by 

researchers to find tumor-specific peptides. However, it was an important discovery to 

show that very few PSPs are displayed and that has been my biggest contribution to the 

field. 

Although PSPs might not be useful for cancer immunotherapy, researchers found 

that PSPs might be responsible for type 1 diabetes.8 Type 1 diabetes is an auto-immune 

disease, where the cells that produce insulin are destroyed by the patient’s immune 

system. A few papers have been published reporting that one or more PSPs are being 

recognized by the immune system. Our hope is that we could help cure type 1 diabetes 

if we can figure out what these PSPs are and how they’re being made. The work that I’ve 

done to identify PSPs is still being used now to find PSPs for type 1 diabetes and we’re 

excited to see what we find! 
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