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Traumatic brain injury biomarker shows promise to support rapid damage 

evaluation and predict outcomes  
 

Elevated levels of lysophosphatidic acid found in brain areas associated with cell death and 

axonal injury as well as in blood, reports The American Journal of Pathology 

 

Philadelphia, July 16, 2018 – A new study in The American Journal of Pathology  found that a brain lipid 

molecule, lysophosphatidic acid (LPA), was significantly increased after traumatic brain injury (TBI) in a 

preclinical animal model. They also found that it was elevated in areas associated with cell death and 

axonal injury, both major hallmarks of moderate and severe TBI. This strengthens the evidence that LPA 

could be used as a biomarker of TBI through blood testing, potentially providing a prognostic indicator of 

injury and outcome.  

 

TBI is characterized by impairments in cognition, emotion, or physical function caused by a violent blow to 

the head or direct brain penetration by an object. Upon injury, it is often difficult to evaluate the extent of 

damage or predict how long the impairment will last or whether it will worsen. 

 

“TBI affects nearly 1.7 million individuals each year. There is a need for non-invasive biomarkers to 

indicate the degree of injury, predict functional outcomes, and advise how long an injured patient must 

remain away from sports or work before resuming any activity,” explained lead investigator Neil G. Harris, 

PhD, of the Department of Neurosurgery, David Geffen School of Medicine at UCLA, Los Angeles, CA, 

USA. “LPA may well be a potential marker for that since we found it to be associated with major regions 

of brain pathology. It is also present in blood in high concentrations after injury.” 

 

Although LPA has been previously suggested as a marker for TBI, this study showed for the first time that 

levels of LPA change within the area of the injury as well as in regions distant to the injury site and linked 

these changes to pathological findings in brain cells. Investigators used matrix-assisted laser desorption 

ionization imaging mass spectrometry (MALDI IMS). This sophisticated technology allowed them to 

measure fine changes in lipid distribution within brain slices. They linked MALDI IMS findings to cellular 

pathology, such as axonal injury or cell death, using immunohistochemical (IHC) techniques.  

mailto:ajpmedia@elsevier.com
mailto:cchauhan@asip.org
https://doi.org/10.1016/j.ajpath.2018.05.005
http://ajp.amjpathol.org/


 

Strong enhancement in LPA and some of its metabolites was seen throughout the brain beginning one 

hour after compression brain injury. By three hours after injury, high levels of LPA were noted in the 

cerebellum, corpus callosum, hippocampus, and other areas. “These observations demonstrate that 

acute injury profoundly alters LPA and LPA metabolite expression throughout the brain, and that this 

occurs especially in white matter regions at both near and far sites from the injury epicenter,” commented 

lead author Whitney S. McDonald, PhD, of the Brain Injury Research Center, Department of 

Neurosurgery and Brain Research Center, UCLA, Los Angeles, CA, USA.  

 

 
Caption: Images of sagittal brain sections of lipid species obtained by matrix-assisted laser desorption ionization 

imaging mass spectrometry from an uninjured control and a 3 hours postinjury (HPI) rat pseudocolored by intensity to 

demonstrate the brain-wide change in lipid levels after injury. Images of hemotoxylin and eosin (H&E) sections from 

adjacent sections highlight the brain regions used for mean signal intensity analysis. 

 

Atrophy of the connections between the cortex and thalamus is a common finding in TBI. When the 

investigators analyzed the thalamus in this animal model, they found intracellular levels of LPA and its 

precursor phosphatidic acid increased one hour after injury but returned to normal levels three hours after 

injury. A special stain revealed that cell death was evident after three hours, leading the researchers to 

suggest that the observed changes in lipid levels are part of the early response of the brain to trauma and 

act to initiate the later sequence of neurodegenerative changes associated with TBI. The researchers 

also saw that although LPA levels were elevated in hemorrhagic areas, increases were also seen in brain 

regions not contaminated with blood.  

 

“These data show that LPA may be a useful biomarker of cellular pathology after TBI,” said Dr. Harris. He 

noted that other investigators have reported that LPA is significantly increased within 24 to 36 hours in 

some patients with severe TBI, and elevated levels of LPA metabolites were associated with poor patient 

outcomes. “If LPA can be shown to be a good predictor of outcome, then measuring LPA blood levels has 

potential as a prognostic indicator of injury and outcome.” 

 

LPA is a simple phospholipid involved in many biological functions such as the regulation of cellular 

proliferation, migration, differentiation, and suppression of cell death. LPA and its receptors are found 



throughout the nervous system. The rapid onset of pathology and the complexity of the cellular response 

to TBI suggest that these act as early signaling messengers involved in initiating the cascade of cellular 

events that promote functional impairment after trauma. LPA has been shown to be significantly involved 

in the pathology of central nervous system injury. 

 

--- 

 

Notes for editors 

The article is “Matrix-Assisted Laser Desorption Ionization Mapping of Lysophosphatidic Acid Changes 

after Traumatic Brain Injury and the Relationship to Cellular Pathology,” by Whitney S. McDonald, 

Elizabeth E. Jones, Jonathan M. Wojciak, Richard R. Drake, Roger A. Sabbadini, and Neil G. Harris 

(https://doi.org/10.1016/j.ajpath.2018.05.005). It will appear in The American Journal of Pathology, 

volume 188, issue 8 (August 2018) published by Elsevier. 

 

This study was funded by NIH NINDS grant U44NS083040.  

 

Full text of this study is available to credentialed journalists upon request; contact Eileen Leahy at +1 732 

238 3628 or ajpmedia@elsevier.com. Journalists wishing to interview the authors should contact Neil G. 

Harris, MD, at +1 310 206 5691; ngharris@ucla.edu or Tami Dennis at +1 310 267 7007; 

tdennis@mednet.ucla.edu.  

 

About The American Journal of Pathology 

The American Journal of Pathology, official journal of the American Society for Investigative Pathology, 

published by Elsevier, seeks high-quality original research reports, reviews, and commentaries related 

to the molecular and cellular basis of disease. The editors will consider basic, translational, and clinical 

investigations that directly address mechanisms of pathogenesis or provide a foundation for future 

mechanistic inquiries. Examples of such foundational investigations include data mining, identification of 

biomarkers, molecular pathology, and discovery research. High priority is given to studies of human 

disease and relevant experimental models using molecular, cellular, and organismal approaches. 

http://ajp.amjpathol.org 

 

About Elsevier 

Elsevier is a global information analytics business that helps institutions and professionals advance 

healthcare, open science and improve performance for the benefit of humanity. Elsevier provides digital 

solutions and tools in the areas of strategic research management, R&D performance, clinical decision 

support and professional education, including ScienceDirect, Scopus, SciVal, ClinicalKey and Sherpath. 

Elsevier publishes over 2,500 digitized journals, including The Lancet and Cell, 38,000 e-book titles and 

many iconic reference works, including Gray’s Anatomy. Elsevier is part of RELX Group, a global provider 

of information and analytics for professionals and business customers across industries. 
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