
Introduction
Traumatic Brain Injury (TBI), often caused by a blow to the head or by a penetrating object that disrupts normal brain 
functioning, is a global problem.1,2 Every year, emergency rooms in the United States admit approximately 5 million patients 
with head related injuries.3 A percentage of this population will show no evidence of fracture or intracranial hemorrhage via a 
CT scan; however, a large number of these patients will in fact develop post-concussion symptoms. Concussion, defi ned as 
mild TBI, can cause cognitive impairment, concentration diffi culty, fatigue, and headaches.4 Thus, early detection of TBI 
becomes crucial to recognizing and minimizing brain damage, which can lead to memory loss, disability, and potentially death. 

A variety of molecules are released following brain injury. Detection of these circulating biomarkers near the time of the injury 
can aid in early diagnosis. Additionally, a single blood biomarker may not indicate brain pathology; however, evaluating 
multiple biomarkers may be more informative and allow for a more accurate diagnosis. We evaluated the levels of 10 analytes 
in the serum/plasma of individuals diagnosed with TBI with the Simple Plex™ assay. Our results identifi ed several proteins 
in the peripheral blood that could act as biomarkers of TBI.

Methods
Serum and plasma samples from individuals diagnosed with mild to moderate TBI were purchased from Discovery Life 
Sciences.  The Glasgow Coma Scale (GCS) for these individuals varied between 9 and 15 in severity. Gender, age, ethnicity, 
cause of injury, amount of time from diagnosis, and course of treatment varied between samples.  Control serum and plasma 
samples were obtained from apparently healthy in-house donors. No medical information was available on these individuals.

The levels of 10 analytes, BDNF, CCL3/MIP-1α, GFAP, MMP-1, MMP-7, MMP-8, MMP-9, NF-H, S100B, and TGF-β1, were 
analyzed in the serum and plasma samples using the  Simple Plex™ multianalyte immunoassay platform (ProteinSimple, 
a Bio-techne brand). Control and TBI samples were diluted according to kit instructions and mixed prior to assaying.  The 
concentration of each biomarker in each sample was quantifi ed by comparison to the standard curves that are preloaded 
onto the cartridge bar code. 

Results and Discussion

Summary
Serum and plasma samples from individuals diagnosed with mild to moderate TBI were analyzed and compared to serum 
and plasma samples from control individuals using the Simple Plex™ multianalyte immunoassay platform. We detected notable 
differences with many of the analytes evaluated in this study. These results compliment past research from our lab that 
identifi ed a potential infl ammatory profi le for TBI.  

This study also suggests that the identifi cation and monitoring of multiple key biomarkers of TBI can be performed 
simultaneously and accurately in serum and plasma, which may allow researchers to move away from the more invasive 
procedure of obtaining CSF samples. Additionally, our results demonstrate the broad utility of the Simple Plex™ platform 
as a tool for discovery by allowing the comparison of multiple biomarkers simultaneously from a single small sample volume.  
This study is just a small part of a growing body of research that is attempting to identify potential biomarkers for TBI 
in order to help assess the risk, diagnosis, and severity of the injury.
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 12. Morganti-Kossmann, M.C. et al. (1999) J. Neurotrauma 16:617.Analytical Performance Characteristics for the Simple Plex™ Platform

Assay Principle

BDNF
• BDNF levels in cerebrospinal fl uid (CSF) following severe TBI have been shown to be elevated following injury. In contrast, 

serum BDNF levels were reported to be reduced in TBI subjects compared to controls.5 In this study, serum BDNF levels 
were lower in TBI samples compared to control samples.

CCL3/MIP-1α  
• CCL3/MIP-1α participates in the local infl ammatory response following injury. It is released from resident activated vascular 

endothelial cells and aids in the recruitment of circulating infl ammatory cells to the site of injury.6,7 TBI samples in this study 
showed higher levels of CCL3/MIP-1α when compared to control samples. 

GFAP  
• Serum GFAP levels have been reported to be increased 4.6-fold following TBI. Additionally, serum GFAP levels signifi cantly 

correlate with the injury severity score.8,9 In our study, TBI samples with a GCS score of 9–10, a value associated with 
moderate TBI, showed increased levels of GFAP as compared to controls.

MMP-1, MMP-7, MMP-8, MMP-9  
• MMPs levels have been monitored following severe TBI, and their expression has been reported to be associated with 

clinical outcomes, intracranial pressure, cerebral perfusion pressure, and cerebral metabolism.10 In this study, the mean 
values of MMP-1, MMP-7, MMP-8, and MMP-9 were higher in TBI samples compared to control samples. 

NF-H
• Previous research has shown that levels of circulating NF-H, which is hypothesized to be released from damaged neurons, 

are elevated following TBI.11 In this study, the concentrations of NF-H were quite variable between TBI samples and 
appeared to be dependent on the individual subject, severity of injury, and diagnosis; however, overall, the levels of NF-H 
were increased in TBI samples compared to controls.

S100B  
• Previous research has shown a 2-fold increase in serum S100B levels in TBI individuals with a GCS score of < 12.8,9 

Results of this study showed similar increases in serum/plasma S100B levels in individuals diagnosed with TBI.

TGF-β1  
• TGF-β1 levels were lower in TBI samples compared to control samples. Previous studies have suggested that TGF-β1 may 

function as a factor in the complex cytokine network following TBI, acting as an anti-infl ammatory cytokine and 
neuroprotective mediator.12 Our results suggest that TGF-β1 may play an important role in down-regulating infl ammation 
following TBI.
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Analyte LLOQ (pg/mL) ULOQ (pg/mL) Average 
Intra-assay 

Average 
Inter-assay 

Average 
Linearity

BDNF 8.32 36,000 9.1% 10.4% 105.0%

CCL3/MIP-1α 0.68 2550 4.8% 4.1% 89.2%

GFAP* na na na na na

MMP-1 5.70 11,800 6.5% 4.1% 103.0%

MMP-7 4.56 8970 8.2% 11.2% 99.7%

Analyte LLOQ (pg/mL) ULOQ (pg/mL) Average 
Intra-assay 

Average 
Inter-assay 

Average 
Linearity

MMP-8 37.20 9950 9.3% 12.0% 112.7%

MMP-9 40.00 152,700 5.9% 8.9% 106.3%

NF-H 7.47 28,480 4.4% 13.3% 102.3%

S100B* na na na na na

TGF-β1* na na na na na

Samples and buffer are loaded 
directly into the cartridge.

Cartridge contains 
glass nano reactors (GNRs).

Inside the    
Cartridge

Buffer

Sample

Fluor
dAb-1 dAb-2 dAb-3

dAb-4

A single-plex immunoassay 
occurs in each channel.

Sample is split across 
4 parallel, isolated 

microfluidic channels

1. Sample

2. Detect

3. Dye

LLOQ= Lower Limit of Quantifi cation 
ULOQ= Upper Limit of Quantifi cation  

*Analyte still in active development phase
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Ella runs single or multianalyte ELISAs hands-free 
in an automated microfl uidic cartridge.


