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Short Communication

Plasma Anti-Glial Fibrillary Acidic Protein Autoantibody
Levels during the Acute and Chronic Phases of Traumatic

Brain Injury: A Transforming Research and Clinical
Knowledge in Traumatic Brain Injury Pilot Study

Kevin K. W. Wang,1,* Zhihui Yang,1,* John K. Yue,2,3,* Zhiqun Zhang,1 Ethan A. Winkler,2,3

Ava M. Puccio,4 Ramon Diaz-Arrastia,5 Hester F. Lingsma,6 Esther L. Yuh,2,7 Pratik Mukherjee,2,7

Alex B. Valadka,8 Wayne A. Gordon,9 David O. Okonkwo,4 Geoffrey T. Manley,2,3 and the TRACK-TBI
Investigators (including Shelly R. Cooper,2,3,6 Kristen Dams-O’Connor,9 Allison J. Hricik,4 Tomoo Inoue,2,3

Andrew I. R. Maas,10 David K. Menon,11 David M. Schnyer,12 Tuhin K. Sinha,7 and Mary J. Vassar2,3)

Abstract

We described recently a subacute serum autoantibody response toward glial fibrillary acidic protein (GFAP) and its

breakdown products 5–10 days after severe traumatic brain injury (TBI). Here, we expanded our anti-GFAP autoantibody

(AutoAb[GFAP]) investigation to the multicenter observational study Transforming Research and Clinical Knowledge in

TBI Pilot (TRACK-TBI Pilot) to cover the full spectrum of TBI (Glasgow Coma Scale 3–15) by using acute (<24 h) plasma

samples from 196 patients with acute TBI admitted to three Level I trauma centers, and a second cohort of 21 participants

with chronic TBI admitted to inpatient TBI rehabilitation. We find that acute patients self-reporting previous TBI with loss of

consciousness (LOC) (n = 43) had higher day 1 AutoAb[GFAP] (mean – standard error: 9.11 – 1.42; n = 43) than healthy

controls (2.90 – 0.92; n = 16; p = 0.032) and acute patients reporting no previous TBI (2.97 – 0.37; n = 106; p < 0.001), but not

acute patients reporting previous TBI without LOC (8.01 – 1.80; n = 47; p = 0.906). These data suggest that while exposure to

TBI may trigger the AutoAb[GFAP] response, circulating antibodies are elevated specifically in acute TBI patients with a

history of TBI. AutoAb[GFAP] levels for participants with chronic TBI (average post-TBI time 176 days or 6.21 months)

were also significantly higher (15.08 – 2.82; n = 21) than healthy controls ( p < 0.001). These data suggest a persistent

upregulation of the autoimmune response to specific brain antigen(s) in the subacute to chronic phase after TBI, as well as

after repeated TBI insults. Hence, AutoAb[GFAP] may be a sensitive assay to study the dynamic interactions between post-

injury brain and patient-specific autoimmune responses across acute and chronic settings after TBI.

Key words: autoantibody; autoimmunity; biomarkers; glia; traumatic brain injury

Introduction

Traumatic brain injury (TBI) causes transient opening of the

brain–blood barrier, which is often followed by neural cell

damage or death. During the acute phase of TBI, a number of brain-

specific proteins are released into the cerebrospinal fluid and/or

blood (serum/plasma). A partial list includes neuronal proteins

(ubiquitin-C-terminal hydrolase-L1 ([UCH-L1]), microtubule as-

sociated protein tau (MAPT/Tau), neuron specific enolase (NSE),

axonal proteins (neurofilament-H, aII-spectrin breakdown products
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[SBDPs]), dendritic protein (MAP2), glial proteins (glial fibrillary

acidic protein [GFAP], S100b) oligodendrocyte proteins (myelin

basic protein [MBP]), and endothelial cell derived proteins (e.g.

von Willebrand factor [VWF]).1–4

Because the brain is a site of immune-privilege, most of these

proteins are not generally accessible to the immune system. TBI

represents a situation where high concentrations of brain proteins

are transiently released into the circulation and become accessible

to the immune system.

Previous reports have documented brain-directed autoimmunity

in neurological and neurodegenerative diseases such as Alzheimer

disease, stroke, epilepsy, spinal cord injury, and paraneoplastic

syndromes.5–11 In human TBI, however, autoimmunity has only

been examined in a limited way and focused on autoantibodies

against preselected antigens such as MBP, S100b, and glutamate

receptors.12–18 Among investigators in the areas of autoimmunity

and biomarkers,19–23 Tanriverdi and associates20 showed the pres-

ence of antipituitary antibodies in patients serum 3 years after head

trauma. In other investigations,24,25 Marchi and colleagues25 dem-

onstrated that antiglial protein S100b autoantibody levels are ele-

vated in football players with repeated concussions. In parallel, we

recently reported a rather unexpected immunodominant autoanti-

body response to GFAP and its breakdown products (BDPs) in a

subset of patients with severe TBI.26

Based on our previous anti-GFAP-autoantibody study,26 we

observed that GFAP appeared to be a dominant brain-derived au-

toantigen after severe TBI. We hypothesized that TBI causes

protease-mediated GFAP-BDP formation in injured glial cells.

This is followed by the subsequent release of GFAP-BDPs in

substantive quantity through a compromised brain–blood barrier

into the circulation.24,27–29 This combination allows GFAP and

GFAP-BDPs to become accessible to and recognized by the im-

mune cells as nonself-proteins, triggering autoantibody response in

those individuals.

While GFAP is an intracellular antigen and the central nervous

system (CNS) is normally considered immune-privileged, it is still

conceivable that autoantibodies can gain assess to the CNS tissue

where such an antigen is localized. For example MBP, myelin

oligodendrocyte glycoprotein (MOG), and other intracellular my-

elin proteins in the spinal cord appear to be attacked by the immune

system in multiple sclerosis and other demyelination diseases.30

Hence, it is possible that an autoantibody specifically targeting a

major brain protein such as GFAP might trigger a persistent auto-

immune activation, which could negatively impact on long-term

recovery from TBI.

Thus, we sought to expand our anti-GFAP autoantibody (Au-

toAb[GFAP]) investigation to the Transforming Research and

Clinical Knowledge in TBI Pilot (TRACK-TBI pilot) study,31 a

multicenter observational study that covers the full spectrum of

TBI (Glasgow Coma Scale [GCS] 3–15) with acute (<24 h)

plasma samples available from 196 patients with acute TBI ad-

mitted to Level I trauma centers, as well as a second cohort of 21

participants with chronic TBI admitted to an inpatient rehabilita-

tion center.

METHODS

TBI patients

Patients with acute TBI were identified and recruited on arrival at

one of three Level I trauma centers and one inpatient TBI reha-

bilitation center as part of the multicenter prospective TRACK-TBI

pilot study.31 Study protocols were approved by the Institutional

Review Boards of participating centers—acute sites: San Francisco

General Hospital (SFGH); University of Pittsburgh Medical Center

(UPMC), University Medical Center Brackenridge (UMCB); re-

habilitation site: Mount Sinai Rehabilitation Center (MSRC). All

participants or their legal authorized representatives provided

written informed consent. At follow-up outcome time points, con-

sent from participants from whom previous consent was obtained

from a legally authorized representative was obtained for contin-

uation in the study if the patient was neurologically improved to be

capable of self-consent.

To be eligible for the TRACK-TBI pilot study, patients with

acute TBI presented within 24 h of injury to the emergency de-

partment and had a history of trauma to the head sufficient to triage

to noncontrast head computed tomography (CT) scan using the

American College of Emergency Physicians/Centers for Disease

Control evidence-based joint practice guideline, while patients with

chronic TBI had sufficient neurologic impairment to triage to in-

patient TBI rehabilitation.

Details of loss of consciousness (LOC), amnesia, and source of

trauma were recorded on screening, and informed consent was

obtained. GCS score was assessed by a neurosurgeon at admission

and was reconfirmed by study personnel at the time of biomarker

collection. For those with chronic TBI, plasma samples were col-

lected on presentation to rehabilitation at MSMC with an average

post-injury time of 188 days (6.2 months). We further identified

patients with acute TBI with self-reported previous TBI with or

without LOC (Table 1).

Biosample collection

Blood samples were collected from patients with acute TBI who

consented to genetic and proteomic analysis within 24 h of injury

(n = 196). Blood samples from those with chronic TBI were collected

at the indicated time point. Plasma was extracted as supernatant after

centrifugation of whole blood in ethylenediaminetetracetic acid

(EDTA) blood tubes for 5–7 min at 4000 rpm according to the

National Institutes of Health/National Institute of Neurological

Disorders and Stroke TBI Common Data Elements Biospecimens

and Biomarkers Working Group recommendations.32 In addition,

16 commercial control plasma samples collected with EDTA

blood tubes (Bioreclamation Inc., mean – standard deviation [SD]

39.1 – 17.2 years old) were age-matched with the acute (n = 196;

42.1 – 18.1 years old) and chronic TBI (n = 21; age 44.4 – 20.5 years

old) samples and assayed for AutoAb[GFAP].

Measurement of AutoAb[GFAP]

To detect and quantify AutoAb[GFAP] levels in biosamples, we

used our previously published manifold autoantibody immuno-

blotting assay format26 (see Supplementary Fig. 1 for assay set-up;

see online supplementary material at ftp.liebertpub.com). Briefly,

human brain GFAP protein or human brain fraction enriched in

GFAP protein (20 lg) were subjected to sodium dodecyl sulfate

polyacrylamide gel electrophoresis on 4–20% Tris-glycine 1-well

gel and electrotransferred to polyvinylidene fluoride (PVDF)

membrane. PVDF membranes were then clamped into the Mini-

Protean II Multiscreen apparatus (Bio-Rad), and individual lanes

were blocked and probed with human sera diluted at 1:100, unless

otherwise noted.

This manifold autoantibody immunoblot assay26 requires only a

1/100 dilution (e.g., 1 lL in 100 lL). We serially diluted the plasma

to verify that the signal is plasma concentration-dependent provided

that it is within the optical density (OD) readings for the
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spectrometer. Secondary antibodies used were either alkaline

phosphatase (AP)-conjugated goat antihuman immunoglobulin G

(IgG) or AP-conjugated donkey antihuman IgG diluted 1:10,000

( Jackson ImmunoResearch).

Blots were developed at room temperature with substrate 5-

bromo-4-chloro-3’-indolyphosphate p-toluidine salt and nitro-blue

tetrazolium chloride solution for 10 min. We also routinely per-

formed in-solution pre-absorption with GFAP protein (2 lg/

100 lL) as a control study. The bands of interest on the blotting

membrane disappear after pre-absorption (data not shown). Quan-

tification of autoantibody reactivity on immunoblots was performed

via computer-assisted densitometric scanning (Epson 8836XL

high-resolution scanner and NIH Image J densitometry software).

Autoantibody levels were expressed in arbitrary densitometry units.

Values are reported as mean and standard error (SE) unless

stated otherwise. Analysis of variance (ANOVA) was used for

multigroup analysis; Tukey post hoc test used to assess mean dif-

ferences between subgroups as well as distinguish homogeneous

subsets. Statistical significance was assessed at p < 0.05. Statistics

were performed using GraphPad Prism 5.0 (GraphPad Software, La

Jolla, CA) and Statistical Analysis System (SAS) version 9.2, (SAS

Institute, Inc., Cary, NC) unless stated otherwise.

Results

Anti-GFAP autoantibody levels in acute plasma
samples from TRACK-TBI pilot study

Because we previously identified a dominant autoantibody re-

sponse to glial intermediate filament protein GFAP among patients

with severe TBI,26,33–35 here we sought to expand these findings by

using the TRACK-TBI pilot study cohorts and plasma sam-

ples.1,36,37 Of 586 subjects with acute TBI from the TRACK-TBI

pilot, we identified 196 with available acute plasma samples (col-

lected within 24 h of injury) for this autoantibody study. Study pa-

tients covered the range of initial GCS of 3–15, which are reported

with age, sex, and admission head CT distributions in Table 1. The

TRACK-TBI pilot study also recorded self-reported previous TBI

history (apart from the index TBI of enrollment), with the following

categories: no previous TBI (n = 106), previous TBI without LOC

(n = 47), and previous TBI with LOC (n = 43) (Table 1).

Autoantibodies reacting with intact GFAP (50 kDa) and its

various BDPs (48–38 kDa) were assayed using quantitative mani-

fold immunblotting developed previously.3,26 The distribution for

AutoAb[GFAP] (mean – SE) was 2.90 – 0.92 units for healthy

controls, 2.97 – 0.37 units for patients with acute TBI reporting no

previous TBI, 8.01 – 1.80 units for patients with acute TBI re-

porting previous TBI without LOC, and 9.11 – 1.42 units for pa-

tients with acute TBI reporting previous TBI with LOC.

ANOVA showed a significant difference across groups ( p < 0.001);

Tukey post hoc test demonstrated that healthy controls and patients

with acute TBI reporting no previous TBI constituted a statistically

different subgroup in AutoAb[GFAP] levels than patients with acute

TBI reporting previous TBI either with or without LOC (Fig. 1).

Specifically, patients with acute TBI reporting previous TBI with LOC

showed significantly elevated AutoAb[GFAP] levels than healthy

controls (mean increase 6.21 – 2.26, p = 0.032) and patients reporting

no previous TBI (mean increase 6.14 – p < 0.001), but not with patients

with acute TBI reporting previous TBI without LOC (mean increase

1.10 – 1.62, p = 0.906); patients with acute TBI reporting previous TBI

without LOC showed significantly elevated AutoAb[GFAP] levels

FIG. 1. Mean and standard error of the mean are shown for each
respective patient subgroup (healthy control, acute traumatic brain
injury [TBI] reporting no prior TBI, acute TBI reporting prior TBI
without loss of consciousness [LOC], acute TBI reporting prior
TBI with LOC). The plasma AutoAb[GFAP] (glial fibrillary
acidic protein autoantibody) is shown in units as described in the
Methods section of the article. Statistically significant differences
across subgroups are denoted with (*) and the respective p value.

Table 1. Demographics and Injury Characteristics

of Patients with Traumatic Brain Injury

Acute TBI Chronic TBI*

Age N = 196 N = 21
Mean, SD 42.4, 17.8 44.4, 20.5
Range 16–86 19–81

Sex N = 196 N = 21
Male 151 (73%) 16 (76%)
Female 55 (27%) 5 (24%)

GCS N = 196 N = 21
3–8 12 (6%) —
9–12 6 (3%) —
13–15 160 (82%) —
Unknown 18 (9%) —

Previous TBI N = 196 N = 21
None 106 (54%) 4 (19%)
Yes, without LOC 47 (24%) 4 (19%)
Yes, with LOC 43 (22%) 13 (62%)

Admission Head CT N = 196 N = 21
Negative 108 (55%) —
Extra-axial only 22 (11%) 5 (24%)
Intra-axial only 24 (12%) 3 (14%)
Extra + Intra-axial 42 (21%) 3 (14%)
Unknown — 10 (48%)

Outcome (6-month) N = 137 N = 17
GOS-E = 1 7 (5%) 0 (0%)
GOS-E = 2 1 (1%) 0 (0%)
GOS-E = 3 10 (7%) 1 (5%)
GOS-E = 4 4 (2%) 5 (24%)
GOS-E = 5 5 (10%) 5 (24%)
GOS-E = 6 21 (15%) 1 (5%)
GOS-E = 7 39 (28%) 1 (5%)
GOS-E = 8 44 (32%) 4 (19%)

TBI, traumatic brain injury; SD, standard deviation; GCS, Glasgow
Coma Scale; LOC, loss of consciousness; CT, computed tomography;
GOS-E, Glasgow Outcome Scale-Extended,

*GCS data was unavailable for chronic TBI patients. CT pathology was
positive for all chronic TBI patients with CT data.
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when compared with patients with acute TBI reporting no previous

TBI (mean increase 5.04 – 1.35, p = 0.001), but not with healthy

controls (mean increase 5.11 – 2.23, p = 0.103). No difference was

observed in AutoAb[GFAP] between healthy controls and patients

with acute TBI reporting no previous TBI (mean increase 0.07 – 2.07,

p = 0.999).

In previous reports, we have assayed the same patient plasma

samples for GFAP (and its BDP) levels.36,37 Thus, we examined

whether there is a correlation between GFAP antigen levels and

AutoAb[GFAP] levels in these samples. As expected, we did not

find a correlation between the two (data not shown).

In addition, we sought to examine acute AutoAb[GFAP] dis-

tributions across different initial GCS scores. Because of the rela-

tively small number of samples for those with lower GCS, by

convention we grouped acute patients to three GCS categories for

autoantibody comparison purposes: GCS 3–8 (n = 12; mean – SE:

3.35 – 0.87), GCS 9–12 (n = 6, 4.37 – 1.59), GCS 13–15 (n = 169,

6.16 – 0.72). Results on ANOVA showed no statistically significant

differences in acute AutoAb[GFAP] levels across the three GCS

categories ( p = 0.197).

We also examined acute AutoAb[GFAP] distributions by presence

of intracranial pathology on admission head CT, across categories of

‘‘no intracranial pathology’’ (n = 108), ‘‘extra-axial pathology only’’

(n = 22), ‘‘intra-axial pathology only’’ (n = 24), and ‘‘both extra-axial

and intra-axial pathology’’ (n = 42). Results on ANOVA showed no

statistically significant differences in acute AutoAb[GFAP] levels

across the four categories (mean – SE: 6.48 – 0.87; 5.02 – 2.01;

5.72 – 2.04; 3.22 – 0.49, respectively; p = 0.197).

To further explore the relationship between pathological injury

severity and AutoAb[GFAP], we analyzed the distribution of Au-

toAb[GFAP] across Marshall CT categories. Because of the small

numbers of individual Marshall CT scores of 3 (n = 9), 4 (n = 2), 5

(n = 12), and 6 (n = 1), we combined Marshall score 3–6 into a

single category ‘‘3+’’. AutoAb[GFAP] distributions were as fol-

lows: Marshall 1 (n = 96, mean – SE: 6.20 – 0.91), Marshall 2

(n = 78, 5.57 – 0.96), Marshall 3+ (n = 22, 2.47 – 0.64) and showed

no statistically significant differences across Marshall CT cate-

gories ( p = 0.148).

Anti-GFAP autoantibody levels in chronic plasma
samples from TRACK-TBI pilot study

We previously demonstrated that post-TBI serum Auto-

Ab[GFAP] shows a delayed increase, beginning about 5–6 days

after severe TBI and sustained to at least 10 days.26,38 Here, we

examined AutoAb[GFAP] levels in chronic TBI plasma samples

collected from 21 subjects during rehabilitation. The demographics

of these subjects are tabulated in Table 1. Initial GCS and CT

Marshall scores or Glasgow Outcome Score-Extended data were

unavailable for patients with chronic TBI.

All patients triaged to the rehabilitation facility were assessed with

an index injury severe enough to warrant inpatient rehabilitation, with

Rancho Los Amigos-Revised (RLA) score distributions of the fol-

lowing on admission to the rehabilitation facility: RLA 1 (No Re-

sponse, Total Assistance, n = 1); RLA 2 (Generalized Response, Total

Assistance, n = 2), RLA 3 (Localized Response, Total Assistance,

n = 2), RLA 4 (Confused/Agitated, Maximal Assistance, n = 1), RLA 5

(Confused, Inappropriate/Nonagitated, Maximal Assistance, n = 6),

RLA 6 (Confused, Appropriate, Moderate Assistance, n = 4), RLA 7

(Automatic, Appropriate, Minimal Assistance for Activities of Daily

Living (ADL), n = 1), RLA 8 (Purposeful, Appropriate, Stand-By

Assistance, n = 0), RLA 9 (Purposeful, Appropriate, With Standby

Assist on Request, n = 0), RLA 10 (Purposeful, Appropriate, Modified

Independent, n = 0), RLA Unknown, (n = 5).

Thus, all patients with chronic TBI with known RLA had a score

of 7 or less, with 16 (76%) of the 21 total patients needing moderate

assistance for ADL because of their brain injury (5 [24%] needing

total assistance, 7 [33%] needing maximal assistance, and 4 [19%]

needing moderate assistance). Hence, we observe that the chronic

TBI population in this study is one of overall moderate to total

impairment in ADL. CT data were available for 11 of 21 patients

with chronic TBI (5 extra-axial hemorrhage only, 3 intra-axial

hemorrhage only, 3 both extra- and intra-axial hemorrhage).

The post-injury time ranged 16–250 days after injury, with an

average of 176.4 days (or 6.4 months) post-injury (Table 2). Using

ANOVA, we show that the AutoAb[GFAP] levels were signifi-

cantly elevated in patients with chronic TBI (mean 15.08 – 2.82

units, p < 0.001) compared with healthy controls as previously re-

ported (mean 2.90 – 0.93 units) (Fig. 2).

We also plotted a graph of the plasma AutoAb[GFAP] against

the time post-injury based on this set of 21 patients. Each patient

with chronic TBI only had one timed plasma sample drawn as part

of the TRACK-TBI pilot study (Fig. 3); while the sample size is

limited, no significant correlation was found between post-injury

time and AutoAb[GFAP] levels (Spearman rank correlation test,

data not shown).

We also examined the relationship between CT intracranial

lesion and AutoAb[GFAP] levels in these patients with chronic

TBI. Results on ANOVA showed no statistically significant dif-

ferences across the four categories (mean – SE): extra-axial only,

14.32 – 6.01; intra-axial only, 8.27 – 2.88; both extra- and intra-

axial, 13.82 – 7.98, unknown CT pathology, 13.07 – 3.86; p = 0.168.

Discussion

In this study, we expand on our previous finding that there is a

dominant anti-GFAP autoantibody response within 5–10 days

among a subset of patients with severe TBI.26,39 While the number

of plasma samples is still relatively small within the cohort, the

TRACK-TBI pilot dataset was selected for this study because it is

well-characterized with 13 published articles regarding various

components of these TBI patients across the full range of TBI

severity—including proteomic and genetic biomarkers, neuroi-

maging, and outcome data.31,36,37,40–43

Based on the 217 subjects with available biosamples from this

cohort, we identified that anti-GFAP autoantibody levels were ele-

vated in acute plasma samples from brain injury subjects who had a

self-reported history of previous TBI with or without LOC when

compared with patients with acute TBI without self-reported previous

TBI (Fig. 1). There is no correlation between GFAP antigen levels and

GFAP autoantibody levels in these acute samples and to initial GCS.

We also found no statistically significant differences between

AutoAb[GFAP] and acute CT pathology—widely used as the

current clinical standard for TBI diagnosis and a surrogate marker

of brain injury after acute TBI.1,44–46 Because newly acquired anti-

GFAP antibody response usually takes about 5 days to mani-

fest,26,47,48 it is unlikely that the acute post-TBI autoantibody levels

we report here were from a de novo response to current TBI, but

rather to a sustained increase because of previous head injuries. At

present, however, we cannot rule out whether the acute TBI

event might serve to be an antigen-boosting event for those with

pre-existing anti-GFAP antibody titers. It is also interesting to

consider that repeated mild TBI/concussion can potentially serve as

an autoantigen-boosting event.
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Our study is the first to report AutoAb[GFAP] values across the

spectrum of acute TBI. The reason for anti-GFAP reactivity in a

subset of healthy controls is not completely known. We have re-

ported similar results in our first study on AutoAb[GFAP].26 We

also noted that autoantibodies to other human autoantigens have

been reported in normal populations.49,50 We suspect that the

baseline anti-GFAP autoantibody levels we observed in certain

healthy controls likely reflect the TBI health history of those

subjects—e.g., they may have experienced previous unreported

concussions or other subclinical neurological events.25

It is also presently unclear as to why AutoAb[GFAP] was statis-

tically significantly elevated in those with an acute TBI and history of

previous TBI when compared with those with acute TBI without a

previous history of TBI, but not healthy controls. The samples cap-

tured from the auto rehabilitation cohort with confirmed previous

TBI, however, did demonstrate statistically higher GFAP autoanti-

body levels. Whether this contradiction is reflective of the small

sample size, a high prevalence of unreported TBI in the control

group, and/or a combination thereof remains to be determined.

It is also possible that the GFAP autoantibody level represents

not only initial injury severity/mortality, but also individual vari-

ability in the immune response and/or clearance of autoantibodies.

Hence, our study should be considered preliminary and future

studies with serial collection of GFAP autoantibodies are therefore

needed to better quantitate the time course in individuals to better

characterize the hypothesized variability.

FIG. 2. Mean and standard error of the mean are shown for
healthy control versus patients with chronic traumatic brain injury
(TBI). The plasma AutoAb[GFAP] (glial fibrillary acidic protein
autoantibody) is shown in units as described in the Methods
section of the article. Statistically significant differences across
subgroups are denoted with (*) and the respective p value.

FIG. 3. Scatterplot for plasma AutoAb[GFAP] (glial fibrillary
acidic protein auto-antibody) plotted against time post-injury for
21 patients with chronic traumatic brain injury (TBI). The plasma
AutoAb[GFAP] is shown in units as described in the Methods
section of the article. The correlation coefficient (R2) is shown.

Table 2. Plasma Glial Fibrillary Acidic Protein Autoantibody Levels in Patients with Traumatic Brain Injury*

Acute TBI Chronic TBI

Post-injury time N = 196 N = 21
Mean – SD 10.6 – 6.3 (h) 176.4 – 44.5 (days)
Range 0.5 to 23.9 (h) 16.0 to 250.0 (days)

GCS N Mean (SE) Sig. (p) N Mean (SE) Sig. (p)
3–8 12 3.35 (0.87) 0.136 — — —
9–12 6 4.37 (1.59) — —
13–15 120 6.16 (0.72) — —
Unknown 18 1.73 (2.35) — —

Previous TBI N Mean (SE) Sig. (p) N Mean (SE) Sig. (p)
None 106 2.97 (0.37) [a] <0.001 4 13.25 (2.43) 0.956
Yes, without LOC 47 8.01 (1.80) [b] 4 15.41 (6.56)
Yes, with LOC 43 9.11 (1.42) [b] 13 15.54 (4.18)

Admission head CT N Mean (SE) Sig. (p) N Mean (SE) Sig. (p)
Negative 108 6.48 (0.87) 0.197 — — 0.168
Extra-axial only 22 5.02 (2.01) 5 14.32 (6.01)
Intra-axial only 24 5.72 (2.04) 3 8.27 (2.88)
Extra- + intra-axial 42 3.22 (0.49) 3 13.82 (7.98)
Unknown — — 10 13.07 (3.86)

TBI, traumatic brain injury; SD, standard deviation; GCS, Glasgow Coma Scale; SE, standard error of the mean; LOC, loss of consciousness; CT,
computed tomography;.

*Blood draw for GFAP-AutoAb post-injury time calculated from time of injury. GCS data were unavailable for patients with chronic TBI. CT
pathology was positive for all patients with chronic TBI with CT data. [a] and [b] denote statistically significant subgroups on the Tukey post hoc test.
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All samples were collected within 24 h after the current TBI

event and thus the plasma AutoAb[GFAP] we measured in these

patients with acute TBI likely reflects previous brain injury or

perturbation incidents. Patients reporting previous TBI without

LOC had a slightly lower AutoAb[GFAP] level on average than

those reporting previous TBI with LOC. This preliminarily sug-

gests that the severity of previous exposure exerts some effect on

the magnitude of the AutoAb[GFAP] response measureable in

plasma. Future studies with a larger population of post-TBI patients

in which initial injury characteristics are available is needed to

further validate this finding, however.

While preliminary, this is the first report of significant plasma

AutoAb[GFAP] elevation in patients with TBI at the chronic

time point (mean >6 month) compared with age-matched con-

trols (Fig. 2). Because the autoantibody response is a marker of

sustained immunological memory, it may be the case that neu-

ronal or glial autoantibody biomarkers can be useful to confirm a

diagnosis of chronic TBI in cases where history is vague or

incomplete.

Some of the limitations of the current study are as follows.

Currently, we focused on IgG responses; in future studies, we plan to

examine in parallel IgM-based autoantibody responses to investi-

gate acute changes. To increase the throughput of the anti-GFAP

autoantibody assays, it will be desirable to use microplate-based

enzyme-linked immunosorbent assays; we are working toward this

direction. In addition, because of institutional-specific differences

in medical record documentation, all previous injury information

was patient-reported and additional injury characteristics (e.g.,

acute GCS in the rehabilitation setting) could not be independently

confirmed and/or clarified.

Another limitation is the lack of longitudinal blood samples

within the same patient, and thus we were unable to follow the

temporal profile of AutoAb[GFAP] response. To this end, we will

be expanding our AutoAb[GFAP] studies to the ongoing, NIH-

funded prospective multicenter TRACK-TBI study51 with acute

(day 1, 3, 5), subacute (2 weeks), and chronic (6 month) blood

samples from up to 2700 patients with TBI across injury severities,

as well as 300 non-TBI controls, as part of the U.S. Department of

Defense TBI Endpoints Development Initiative.52 Data from these

future studies will allow us to examine whether elevations of post-

injury AutoAb[GFAP] associate with patient outcome.

Conclusion

AutoAb[GFAP] assays may be useful to study the dynamic in-

teractions among brain autoimmune mechanisms post-TBI across

acute and chronic injury settings. There are two important new

findings reported in this study: (1) We find that in the setting of

acute TBI, plasma AutoAb[GFAP] levels associate with a history

of past exposure to TBI; (2) Further, this is the first study to report

elevated AutoAb[GFAP] levels at a chronic time point (average of

6 months post-injury) among patients with moderate to severe TBI.

With emerging attention on reexamining TBI as a chronic condition

with various comorbidities,3,38,53–56 we can now add brain protein-

targeting autoantibodies to a growing list of potential useful bio-

markers for studying at-risk acute and chronic TBI populations.
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