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Scientists and doctors are trying to identify and develop new and 
better ways to diagnose brain injury, because brain injuries are hard 
to detect. Even when a brain is known to be injured, it is hard to treat. 
This is unfortunate, because traumatic brain injury (TBI) is the most 
common brain disorder in children. One of the ways to detect TBI 
is by looking at biomarkers in the blood. Biomarkers, ranging from 
protein to DNA, help scientists determine whether a part of the body 
is damaged. Different injuries produce different biomarkers, giving 
us information on the severity of the injury; and other biomarkers 
provide clues regarding injury location. Scientists are hoping to use 
these biomarkers in the blood to see how likely children with TBI are 
to have a good or bad outcome, and, more importantly, how doctors 
can better treat children for these injuries.
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WHAT IS TRAUMATIC BRAIN INJURY (TBI)?

Traumatic brain injury (TBI) is one of the most common brain disorders 
in children. TBI often occurs due to a strong blow to the head from 
getting hit by an object, running into an object, or falling on one’s head. 
TBI can be very dangerous because it can severely damage the brain, 
which is critical for controlling the body and the personality, as well as 
speech, movement, and much more. Depending on what part of the 
brain is hurt, there can be serious consequences. Because of this, it is 
important to be able to diagnose a TBI as soon as it happens.

HOW DO WE CURRENTLY STUDY THE BRAIN AND WHAT 
ARE THE LIMITATIONS OF THESE METHODS?

When the brain is damaged, the consequences of the injury can be very 
serious. However, studying the brain is difficult, because the brain is 
enclosed in the skull. Therefore, it is hard to tell whether or not there 
is injury and how severe it is. Currently, the most common way to 
look inside the brain is through a process called imaging, with several 
types of images giving us different insights into the brain. Think of the 
different types of options on a camera. A panorama gives you a wide 
picture of what is happening. Other times, you take a video, so you can 
document the event in real time. Similarly, different imaging methods 
give us different information about brain injuries. The two most com-
mon types of imaging used on patients with TBI are shown in Figure 1.

Although imaging is currently the most used technique for diagnosing 
TBI, there are quite a few problems with these methods. First, the 
images often fail to detect problems in the brain after an injury. 
Moreover, medications, blood sugar levels, or even changes in the 
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Two of the most 
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imaging techniques for 
patients with TBI. (CT 
image: https://www.
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MRI image: https://
pixabay.com/en/
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skull-head-782459/)
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patient’s emotional state can affect brain activity. This in turn can lead 
to inaccurate readings that look like a brain injury, leading to false 
conclusions. This is important, considering the second drawback: the 
fact that imaging is very expensive! The average cost to run scans can be 
a couple thousand dollars! Because of this, it is important for hospitals 
to minimize the number of scans that show no injuries, often referred 
to as negative scans. Also, because many of these methods essentially 
take pictures of the brain at a given moment in time, it is difficult to 
see how an injury develops, improves, or worsens over time without 
doing additional scans and spending more money [1]. And of course, 
some kinds of imaging, like CT scans and PET scans, use radiation or 
radioactive substances to look at the brain, and radiation is associated 
with a small risk of developing cancer.

WHY IS USING THE BLOOD A WORTHWHILE WAY TO STUDY 
THE BRAIN?

So, why are scientists looking at blood as a way to study brain injury? 
The first reason is that blood is easy to obtain from patients, using an 
IV line or through a simple blood draw from a vein in the hand. Since 
patients typically give blood to test for levels of other molecules in the 
body, such as glucose or iron, a blood test is an easy way to look for 
other markers in the blood that may tell us more about the brain injury. 
Second, drawing blood is a low-risk procedure, with the main risks 
being bruising, pain, and infection. Last, drawing blood is an inexpensive 
method for research and diagnostic tests! Compared with the thousands 
of dollars spent on expensive imaging, blood tests are a more affordable 
means of diagnostic testing, both for the hospitals and the patients.

WHAT CAN WE MEASURE IN THE BLOOD?

A biomarker is a molecule that can be analyzed to reveal information 
regarding the biological processes that are happening in the body [2]. 
For instance, your blood level of glucose is a biomarker that tells doc-
tors if you are at risk for diabetes. Since diagnosing TBI quickly gives 
patients a better chance of recovery, discovering biomarkers that can 
be used to rapidly diagnose TBI would be extremely helpful. The three 
potential types of biomarkers being researched for diagnosing TBI are 
proteins, DNA/RNA, and exosomes (Figure 2).

Protein biomarkers are one of the most commonly studied [3]. Following 
TBI, the levels of certain proteins can increase or decrease, as a result of 
changes happening within brain cells that have been injured. Scientists 
can measure the levels of those specific proteins in a person’s blood, 
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saliva, urine, or other body fluids. Abnormal levels of these proteins can 
tell us if the patient has a TBI and how likely the patient is to recover. 
Despite progress, researchers are still searching for the ideal protein 
biomarker for TBI. Since many protein biomarkers are produced by 
other cells in addition to brain cells, it is difficult to use those protein 
biomarkers as definite indicators of brain injury. The different half-life of 
proteins also makes it difficult to reliably measure the levels of a specific 
protein. Half-life refers to how long it takes for the level of a protein to 
decrease by 50%. Some proteins break down quickly in blood, making 
them difficult to use for biomarker studies.

DNA and RNA are other types of biomarkers being studied. DNA is the 
molecule that makes up our genetic blueprint, and it is used to make 
RNA, which is then used to make proteins. The fact that DNA, RNA, 
and proteins are all related means that all three are potential biomark-
ers that can tell use slightly different things. As an example, damage to 
the brain can increase the production of certain proteins, including a 
protein called calcineurin. Interestingly, some people have slightly dif-
ferent versions of the calcineurin gene that are associated with worse 
outcomes following TBI [4]. If we can figure out which gene versions 
are associated with recovery from TBI, we may be able to discover new 
methods for diagnosis and treatment.

While DNA and proteins are promising potential biomarkers, we can-
not really be sure whether they come from the brain or not, since all 
our cells contain DNA. This uncertainty has led scientists to use some-
thing called exosomes as biomarkers. Exosomes are a type of structure 
called extracellular vesicles (EVs), which are a hot topic in research [5]. 
Exosomes are stored inside cells in groups called multivesicular bodies, 
which are like bubbles that fuse with the plasma membrane, releasing 
the contents (the exosomes) outside of the cell (Figure 3). Think of the 
plasma membrane as the wall of a balloon. Since each cell has its own 
unique protein markers, when the multivesicular bodies fuse with the 
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Biomarkers that are 
often used to detect 
TBI. Deoxyribonucleic 
acid (DNA) is the 
genetic material that 
tells each of our cells 
how to make all the 
proteins it needs. When 
cells are in the process 
of making proteins, 
DNA is first used to 
make ribonucleic acid 
(RNA). Both DNA and 
RNA can be used as 
biomarkers, as can the 
proteins they code for. 
An exosome is 
essentially a bubble 
(shown in blue and 
green) that is stored 
inside a cell with other 
exosomes, in a larger 
structure called a 
multivesicular body 
(shown in pink); each 
exosome contains 
various proteins, RNAs, 
and other molecules 
(as depicted in orange, 
red, and purple) that 
can be released outside 
the cell, often as a form 
of cell-to-cell 
communication.
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plasma membrane, the exosomes pick up these markers from the cell 
membrane. As a result, these markers tell us which type of cell the  
exosome came from and what was happening in that cell. In TBI, the 
markers present in exosomes might help us to understand what is  
happening in brain cells following brain injury.

EXAMPLES OF BIOMARKERS USED TO DETECT TBI

Researchers continue to study many biomarkers to see which ones 
might be the best for diagnosing TBI. Here are just a few of the potential 
TBI biomarkers and what they might tell us about brain injury.

GFAP is a protein biomarker that is found only in the cells of the brain 
and spinal cord. It is a structural protein, meaning it helps the cells 
maintain their shape. After brain injury, GFAP is released from damaged 
cells and it gets into the blood, where it can be measured in blood sam-
ples. GFAP increases in blood shortly after TBI and gradually decreases 
over time. GFAP may be helpful in determining how well patients will 
recover from TBI over time [6].

Another protein biomarker that shows potential is a group of proteins 
called cytokines. Cytokines are released by the immune system after 
brain injury. Two cytokines that have shown promise in TBI research 
are called IL-10 and IL-6. One study found that patients who did not 
recover well from TBI had IL-10 levels about three times higher than 
patients who recovered well [7]. IL-6 has been shown to be beneficial 
immediately following TBI, but if the level of IL-6 stays elevated for too 
long, it can actually harm patient recovery [8]. Further research with 
IL-6 may allow us to track how well a patient is recovering after TBI.

Studies using DNA and RNA biomarkers have shown us that variations 
in certain genes, like one called PPP3CC, might predict how well a 
patient will recover from TBI [4]. This is promising, because DNA is 
easily accessible through the blood or saliva.

CYTOKINE

A general name for 
proteins of the immune 
system that participate 
in cell communication 
and affect how other 
cells behave.
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Exosomes are stored in 
a multivesicular body 
and released outside of 
the cell into the blood. 
Exosomes can show us 
what is happening in a 
particular cell type, 
because when they are 
released, they pick up 
pieces of the 
membrane from that 
cell (shown as pink dots 
on the outside of the 
blue and green 
exosomes in the black 
box, which have been 
released from the cell).

https://www.frontiersin.org/article/10.3389/frym.2019.00027
https://www.frontiersin.org/article/10.3389/frym.2019.00027
https://www.frontiersin.org/article/10.3389/frym.2019.00027
https://kids.frontiersin.org/


Kim et al. Studying Brain Injury Through Blood

February 2019 | Volume 7 | Article 27  | 6kids.frontiersin.org

Currently, scientists are researching new ways to use exosomes to 
detect certain proteins or biomarkers in the blood. In one study, 
mice were exposed to mild or moderate TBI. When the researchers 
obtained exosomes from the brains of the mice, they observed that 
these exosomes had lower levels of certain RNA sequences and higher 
levels of other RNA sequences. Through these experiments, we can see 
the promise of using exosomes as a means of TBI diagnosis.

CONCLUSION

The recent attention that biomarkers have been receiving these past 
couple of years may lead to the identification of the first effective treat-
ment for TBI! As we learn more about the brain and how it recovers 
from injuries, our hope is that we will be able to find better and faster 
ways to diagnose brain injuries and ultimately discover new methods 
to treat them. In the meantime, keep your brains safe and protected!
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