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ARTICLE

Proteomics analysis after traumatic brain
injury in rats: the search for potential
biomarkers

Analise protedmica ap0s lesao cerebral trauméatica em ratos: a busca por biomarcadores

Jun Ding"* Zhengang Ding®* Fang Yuan', Jianyi Guo', Hao Chen’, Wenwei Gao', Ren Wang', Yi Gu’, Jiong
Chen’, Yan Guo’, Hengli Tian’

ABSTRACT

Many studies of protein expression after traumatic brain injury (TBI) have identified biomarkers for diagnosing or determining the prog-
nosis of TBI. In this study, we searched for additional protein markers of TBI using a fluid perfusion impact device to model TBI in S-D rats.
Two-dimensional gel electrophoresis and mass spectrometry were used to identify differentially expressed proteins. After proteomic analy-
sis, we detected 405 and 371 protein spots within a pH range of 3-10 from sham-treated and contused brain cortex, respectively. Eighty
protein spots were differentially expressed in the two groups and 20 of these proteins were identified. This study validated the established
biomarkers of TBl and identified potential biomarkers that could be examined in future work.

Keywords: traumatic brain injury, biomarkers, proteomics, two-dimensional gel electrophoresis, mass spectrometry.

RESUMO

Muitos estudos de expressao proteica ap6s leséo cerebral traumatica (LCT) identificam biomarcadores para determinacao diagnostica ou
prognostica do LCT. No presente estudo, foram investigados marcadores proteicos adicionais de LCT, através de um aparelho de impacto
no fluxo e perfusao em ratos S-D. Eletroforese bidimensional em gel e espectrometria de massa foram utilizadas para identificar diferen-
tes proteinas expressas. Ap6s a analise protedmica, detectamos marcas de proteinas 405 e 371, com pH variando entre 3-10 no cortex de
ratos sham e naqueles com contusao cerebral, respectivamente. Oitenta marcas proteicas foram expressas nos dois grupos e 20 destas
proteinas foram identificados. Este estudo validou o estabelecimento de biomarcadores de LCT e identificou potencial biomarcadores que
poderao ser estudados em estudos futuros.

Palavras-chave: lesao traumatica cerebral, biomarcadores, proteémica, eletroforese bidimensional em gel, espectrometria de massa.

Traumatic brain injury (TBI) is the leading cause of trau-  the mechanisms and biomarkers of TBI remains elusive.

matic death and disability worldwide'. The main causes of
TBI are motor vehicle accidents (50%), falls (21%), assaults
and violence (12%), sports and recreation (10%), and other
(7%)?. TBI patients impose a tremendous burden on their
families and society, and increase demands on the healthcare
system. In order to achieve favorable outcomes, rapid diagno-
sis and treatment are important.

TBI triggers complex changes to the central nervous sys-
tem (CNS). A better understanding of its complex pathobi-
ology is required to further our ability to evaluate and care
for brain injury patients. However, an understanding of

Biomarkers reflecting the biological response to injury or dis-
ease have proven useful for diagnosing many disorders, in-
cluding responses to injury, cancer, heart failure, infection,
and genetic disorders (Table 1)°. Many biomarkers of TBI
have been identified, although they are not widely used clini-
cally. These markers include S-1008, neuron specific enolase
(NSE), glial fibrillary acid protein (GFAP), and myelin basic
protein (MBP). Although these proteins are still being as-
sessed, they appear to lack either the sensitivity or specificity
(except GFAP) to be used effectively alone®. However, com-
binations of these markers can provide valuable information
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Table 1. Biochemical markers of injury in various organ

systems.
Organ Markers
Heart Troponin, creatine phosphokinase (CPK)-MB

Liver Aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase,
y-glutamyl transpeptidase (GGTP)

Pancreas Lipase, amylase

Muscle CPK-MM

Kidney Blood urea nitrogen (BUN), creatinine (Cr)
Brain 277

and effectively diagnose and predict the outcome of TBI®.
Given their potential utility for determining the diagnosis
and prognosis of brain injuries, their clinical utility should be
explored further.

Proteomic analysis is a powerful tool for the global evalu-
ation of protein expression and has been applied widely in
the analysis of disease®. Analyses of the TBI proteome can
aid in our understanding of the association between protein
changes and brain injury, and several studies have already ap-
plied proteomics to the identification of biomarkers for TBI".

Proteomic analysis is a discovery-based method that
invariably identifies many proteins that differ in abun-
dance between control and experimental samples. TBI
studies use samples such as brain tissue (often from ani-
mals), cerebrospinal fluid (CSF), and blood for proteomic
analysis. These samples contain information related to
the CNS. Of the proteins found in CSF samples, 76% were
unique to that biofluid. By contrast, plasma and serum pro-
teins have wide, dynamic concentration ranges and it is of-
ten difficult to discover a disease-specific biomarker with-
in the background of blood-borne housekeeping proteins’.
Consequently, the ideal samples for proteomic analysis are
brain tissue and CSE.

METHOD

Animal model

Forty male Sprague-Dawley rats weighing 250-300 g
were randomized into sham-operated or injury groups
(n = 20/group). Rats were acclimated in a humidified room
and maintained on a standard pellet diet at the Animal
Center of Shanghai Jiao Tong University School of Medicine
for 10 days before the experiment. The temperature in both
the feeding and operating rooms was maintained at ap-
proximately 25 to 28°C. A fluid perfusion impact device
was used to model TBI in the rats, as described previous-
ly®. All of the surgical, injury, and animal care protocols de-
scribed below were approved by the Scientific and Ethics
Committee of Shanghai Jiaotong University affiliated Sixth
People’s Hospital (Permit no. SYXK20130608). The rats in

the TBI group were anesthetized with pentobarbital (3.5%,
40 mg/kg), shaved, and then placed in a stereotaxic frame.
Surgery was performed as described by Sullivan and col-
leagues’. Briefly, a 6-mm ipsilateral craniotomy tangential to
the bregma and the sagittal suture was made, leaving the un-
derlying dura mater intact. A 5-mm-wide impactor tip was
adjusted so that it just touched the exposed dura mater and
was secured over the right parietal cortex. The next day, the
animals were anesthetized, intubated, and then placed un-
der a fluid-percussion brain injury device. A moderate fluid-
percussion pulse (2.0 + 0.2 atmospheres) was delivered to the
right parietal cortex. Sham-operated rats underwent all of
the surgical manipulations, but without the fluid-percussion
pulse, and were monitored under anesthesia for 30 min after
the sham operation. All of the animals were kept in the same
environment after surgery for 48 hours.

Specimens

The sham-operated and TBI animals were anesthetized 48 h
postoperatively and sacrificed by decapitation. Immediately
following decapitation, the brain was removed and the cortex
samples were dissected rapidly over dry ice. All of the samples
were washed with ice-cold saline before freezing to reduce
brain contamination with blood proteins. Samples were then
stored in liquid nitrogen for further processing. Injured cortex
samples were dissected to about 2 mm from the injury spot;
sham samples were removed from the same location. The to-
tal time from decapitation to snap freezing of the samples was
about 5 min for all animals in both groups.

Two-dimensional gel electrophoresis

First, 100 mg of tissue sample was ground into a powder
in liquid nitrogen, homogenized in 1 ml of lysis buffer (7 M
urea, 2 M thiourea, 4% CHAPS, 30 mM Tris-HCI, protease in-
hibitor mixture) on ice, and sonicated (10x10-s pulses) on ice.
The homogenate was centrifuged at 12,000 rpm for 30 min at
4°C. The protein was precipitated with cold acetone at -20°C
for 2 h and dissolved with rehydration buffer (8 M urea, 2 M
thiourea, 4% CHAPS, 100 mM DTT, 2% ampholyte). Protein
concentrations were determined using the Bradford meth-
od (Bio-Rad). Immobilized pH gradient (IPG) strips (18 cm,
pH 4-7, non-linear; Bio-Rad) were rehydrated passively us-
ing 400 pl of rehydration buffer for 12 h at 17°C. Isoelectric
focusing electrophoresis (IEF) was performed on an IEF cell
(Bio-Rad). The strips were equilibrated in equilibration buf-
fer (25 mM Tris-HCl (pH 8.8), 6 M urea, 20% glycerol, 2% SDS,
130 mM DTT) for 15 min and then in the same buffer con-
taining 200 mM iodoacetamide instead of DTT for anoth-
er 15 min. The two-dimensional gel electrophoresis (2-DE)
separation was performed on 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) gels. The gels
were stained using Coomassie Brilliant Blue R-350 (Merck),
according to the supplier’s protocol.
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In-gel tryptic digestion and protein identification
by mass spectrometry

In-gel tryptic digestion and protein identification by mass
spectrometry (MS) were performed as described elsewhere®.
Briefly, protein spots of interest were excised and destained. In-
gel digestion was performed with 0.01 pg/pl trypsin (Promega)
for 20 h at 37°C. The tryptic peptides were extracted from the
gel and dried by centrifugal lyophilization. The peptide mix-
tures were redissolved in 0.5% trifluoroacetic acid (TFA) and
analyzed on an AB4700 Proteomics Analyzer (Bruker Daltonics
Inc.). Peptide mass maps were acquired in positive reflection
mode, averaging 1,500 laser shots per matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) spectrum
and 3,000 shots per TOF/TOF spectrum.

Data analysis

After gel staining, the protein spots were detected, quanti-
fied, and matched using PD-Quest 2D analysis software (Bio-
Rad). Each sample was run in triplicate. Protein identificated
by mass spectrometry (MS), and the MS/MS data were as-
signed using a MASCOT search against the NCBInr database.
Redundant proteins that appeared in the database under dif-
ferent names and accession numbers were eliminated. If more
than one protein was identified in one spot, the single protein
with the highest protein score was selected from the multi-
protein family. Statistical calculations were performed by SPSS
statistical software (version 16.0; SPSS, Inc.). Comparison be-
tween two groups was performed by Wilcoxon two-sample
test. Statistical significance was defined as p < 0.05.

RESULTS

Differentially expressed proteins in the sham-operated
and TBI groups

Contused brain cortex from TBI rats and brain cortex
from sham-operated rats were analyzed in triplicate us-
ing 2-DE. Coomassie staining of the gels detected 405 and
371 protein spots within a pH range from 3-10 from the
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sham-operated and contused cortex, respectively (Figure 1).
Statistically, 80 protein spots were differentially expressed in
the sham-operated and TBI rats brain cortices (p < 0.05).

Mass spectrum identification of differentially
expressed proteins

The differentially expressed protein spots were subject-
ed to MS/MS analysis. Twenty proteins were identified from
the 80 spots (Table 2). Of these, some were expressed more
strongly in the sham-operated group (spot numbers: 49, 70,
109, 158, 231, 248, 254, 289 and 369), and others were ex-
pressed more strongly in the TBI group (spot numbers: 11,
31, 55,97, 171, 300, 307, 358, 365, 387 and 388). MS/MS analy-
sis showed these spots had different MASCOT scores and se-
quence coverage. The predicted molecular masses/pl values
for the 20 spots are listed below, and fit the position of the
corresponding spot on the 2-DE gel well (Table 2, Figure 2).

Of the 20 identified proteins, NSE, GFAP, S100B,
oll-spectrin, and MAP2 have been studied as biomarkers
of TBI (proteomic data not shown in Table 2). Tumor bio-
markers such as 14-3-3 protein have not been studied in TBL
Proteins associated with cell apoptosis were also identified,
such as GAPDH and RhoB. The other identified proteins have
not been examined in relation to TBI and little is known re-
garding their function, such as nebulin-related anchoring
protein and zinc finger protein 180.

DISCUSSION

This study used proteomic analyses to identify 20 pro-
teins that were differentially expressed in the sham-operat-
ed and TBI groups of rats. These included proteins previously
identified as biomarkers of TBI, such as NSE, GFAP, S100B,
oll-spectrin, and MAP2. Others had not been identified
in TBI patients or animals, including the tumor indicators
M2-PK and 14-3-3 protein. The functions of some of the pro-
teins that were identified after TBl have not been established.

NSE (spot no. 11) is a biomarker of TBI and has been stud-
ied in infants, children, and adults, and in mild and severe
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Figure 1. Proteomic analysis of sham-operated and traumatic brain injury (TBI) brain cortex using 2-DE.

Arg Neuropsiquiatr 2015;73(4):342-349



10000 > Le 8€5€°0%7¢ AHAAONNM €9 €L 8¢ L9y LLYLT ZDYMA e18z uteloud g-g-v| /8€
10000 > 7l €%¢¢00°0 ER<INEEIRDY Ly Ve 0¢e 89 L60CS 41 Joydeosi suowioy ploJAyy  69€
1000 > Gl §629€6L HMAD4S™ LY e 0€ /56 9€0°GS 0814z 081 uteyoud usguiy ouiz go¢
¢ee00 Gl /695 TMAOHTISISVALOM €9 /8 7l 189 968Gl E46CL0DN ulqo)8-e38q 018z 8G¢
. ) . ) . . das L uiejoid Buipuig
1000 > 9¢ 857€85'Y FHIMdAM YL 78 0¢ 8%'g 88/°0¢ Laqed -suiweloueyielipneydsoyd 00¢
28200 A4 L£22€€0 JHOOISHHTIOS ™M S 99 0¢ €18 50672 0BEQDY  YBE-OeY UISloid pejelel-ses 687
) ) . . . . 00 zLoueoid
05200 0¢ LZLY7¢e0 IMMANY 0S 7e LG Gl1'8 7Lyl Z1o0qy 81198580 SUIPUIG-d 1Y %52
. . . . . . dou urerold
96€0°0 Le ¢19087°0 9'YHH00DDAF LAY 69 LS 09 GZ'6 L98°'L6 N SunoyoUe peyelai-ulngeu 8%7¢
(HadvD)
10200 Ly §910L%7°C AMVIdVIONLLOSYNSAI™M 09 99 §¢ 718 508°Ge ypdoyn eseusoipAyep ereydsoyd | /|
-g-apAyapieladk|3
gojowoy
LL100 44 €2857¢€°0 THANMAAK 8% LS Le G%7'8 €0£'95 S| G eseJgjsuelAyiew 831l
VNI SGINA L
) . FYOOATTYNTIASTHIAH0 ) .
n ureyo -elag uhngn
10000 > %S §1€0000 AQAMYDIAYAIDOLYLOY S 6L /9 Ly 6LY 69L°6Y q7qant Ieyo g-eyeq unngny 601
. . . . . . aseyjuhs
10000 > VAS) LL71200 AHDLIFTIAASLAVOTIY 86 /9 Va4 %78 818%S LVSdLY dlv Suipodsue-(+)H 0L
. . . . . . | ureyold you-auish)
28000 LL ¢ECLBaE IMIIATITM 1§ €8 g6 Ge'8 £18°08 LgMIT puE -a1eWwEeIN|S -auione) o]
6LE00 L /518870 'MILVOM™M ¢0lL 78 1§ 96¢ %98°CS cWrd (Md-ZIN) eseuy ereAnAd ZIN- 67
: . : : : . g0 (8oyY) ureroud
#0100 €8 8¢L69C°E HMAIAMM 09 4, 8¢ 0Lg 601'CC quivqoyy SUIPUIG-d LD perelel-ouy 29
(dnoi3 weys 591098 (%) .sapndad qld 4SSew Jejnosjow ‘ou
sndnos8gl)d MW oReljonuod /gL sPoURUSP! SapRdad uPoild 98esan0)  PaydIe|N  |ednLloay L Jeanaioay) sweususy sSweutiieiold jods

40L1/401-107TVIN A paijiauspl su1eloid "g 81qeL

345

Jun Ding et al. Potential biomarkers of TBI



AT00Reflector Spec #1 MCIBP= 16959,3480]

4700 Rerectorspec #1 MC[8P= 656.1,5555]

H H o R &
fu} 3 i 3 E 2 ¥ H § 3 m 3 m s m
g 2 H i 2 H H J i
3 o5 ] aaxoal o]
s
osus)
S e RERS
e
; = i 5 el i i wafl i
) - - o e
sl o
ezmin]
] ’
g PR
o O
=) i e sy ] @sozff i i
Er - § B 1 ueng R ot _
L M 3 5 H i g 3 B H H e
P ] b z z & w&=] @ 3 sz %
ez 8 Tt £ 8 o H H casg] & iz % 2
24 o 2 il 2 B ] S ir 2 19 i
w0 F g oo ii E H iy awez | £ T L i
] § & g oz g 1 i 14 - g 2
o) 1§ : i £ i ¢ Keil w] © § i
=y = i H m m H ey n_.k.w H s.ﬁlm w z
§ i : i & g 4
4 i 3 & g T wwwy B 3 ]
3 H ] s i 3 a4 % ] i
S o H & 3 H & H & i
s, & & H H g & woom ey z H H
) s g H H £ i g H
E H g H =
s
it
p— oo J§
=
WL 3
s e o)
)
w0
s
& S
I EEEEEEEEE) [ EEEEEXEEEE] IEEEXEXE] -n---.:-.m I EEEEEEEEE] IR
Ano s, Ay " e, fasmin Momns L e
H H H g : <
H g s & 5 3 s H . % " H . H . H 3 : .
H o 3 s H 3 o g * *
BT
auea] weas
o
L | H0vf omasond
00| ] e = ‘o e * 3
- ol i i = ol d i el
s s i b e
1] e
s,
nead] arna) ez o
s sl .
ol sl | P i d “H g ooutd § sl
E 7 wom| g - =] @ g 7 H word
: H ] 2 o g = m Pt sver] 8 | 2 3 o
@ o R i 3 : ]
8 H oo 5 § mal . 2 mem] g | 3 s owez J & S (| .
¥ £ ss : 8 £8 - 2 . E o gl H
i i e 3 - — i e awd £ 3 ez T : LS oond §5 i
s [ & soae. @ I & mae_] £ g B |uﬁm iy g
g g g E g i s g e g s s wear| T
H 2 - o, 2 , ¢ o, = 0 I :
i i j o = i o wn i § e g g
1 ¥ 3 ] 5 - & ama 3 mm oo H H
2 2 o H H £ 2 ¥ i
3 asm 3 § ) H H H T o) H Pt : H
& & s Y ] H & . e ____ sl ez H
g g H s H z m T £ : § s H
g g ] H g y 1 § s
o e
e w0
] A
wovey B
ared
. con__ o) -
= o sl
oS =g mes_§ s, o
R EEEEEE] HEEEEEEEE I EE T EEEEEE] EEEEEEEEEE N R R EEEEEEEE
Ao e [rn— foma, Ao, R

Figure 2. MALDI-TOF/TOF maps for the 20 identified proteins.
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TBL In clinical studies, serum NSE levels have been fre-
quently studied. Berger et al. found that NSE was markedly
increased in the CSF after severe TBI'. NSE levels were sig-
nificantly elevated in non-survivors as compared with survi-
vors in adults'’. Early elevation (< 3 days) of NSE secondary to
severe TBI predicts deterioration to brain death. Topolovec-
Vranic found that NSE was abnormally elevated in 65% of
patients with TBI and predicted a poor outcome at 6 weeks
post-injury'®. NSE is also a candidate serum marker of im-
pending cerebral hypoxia, which is elevated before the onset
of clinical manifestations®. After multiple trauma, elevated
NSE levels have been observed, but systemic NSE increased
by similar degrees with and without TBI, limiting its ability
to discriminate brain injury magnitude. Reports on correla-
tions of serum NSE levels alone with clinical and neurological
measures of brain injury magnitude and outcome have been
controversial. NSE is not used widely clinically, perhaps be-
cause of the above and the lack of a large-scale, multi-center,
randomized controlled study.

GFAP (spot no. 307) is a filament protein found in the
astroglial cytoskeleton, is not found outside the CNS. GFAP
could predictably discriminate between severe disability
and vegetative state versus good and moderate outcomes as
evaluated by the Glasgow Outcome Scale (GOS). A study of
severe TBI patients confirmed its ability to predict mortal-
ity, and it was found to discriminate outcome categories of
the GOS and Marshall CT classification. It also could dis-
criminate between patients that had intracranial pressure
(ICP) greater or less than 25 mm Hg, patients that had cere-
bral perfusion pressure greater or less than 60 mm Hg, and
patients with mean arterial pressure greater or less than
60 mm Hg. GFAP shows good diagnostic potential to predict
outcome after injury, and may also be valuable for diagnos-
ing injury magnitude'.

S100B (spot no. 387) is the most well studied proteins for
TBI and is considered a promising, non-proprietary brain in-
jury biomarker. S100B is most abundant in glial cells of the
CNS and peripheral nervous system (Schwann cells). But this
marker is that it is not exclusive to the brain, it can be found
in other cells such as adipocytes and chondrocytes. A num-
ber of studies have demonstrated S100B’s relationship to in-
jury magnitude and outcome in TBI*'. However, some stud-
ies reported a poor value of S100B as a predictor of outcome
after brain injury, particularly mild and pediatric TBI. A poor
correlation was found between serum and brain S100B val-
ues, suggesting that the serum levels may depend primarily
on the integrity of the blood-brain-barrier and do not reflect
the S100B levels in the brain®'®. Despite apparent controver-
sy, S100B still has potential as a brain injury biomarker, and
its preclinical and clinical utility should be further explored.

oll-spectrin (spot no. 97) is a major structural compo-
nent of the neuron axonal cytoskeleton and a major pro-
teolytic substrate for cysteine proteases involved in necrot-
ic and apoptotic cell death. Many authors have examined

oll-spectrin after TBI in rats or humans. all-spectrin levels
in the CSF were shown to increase after TBI in a rat mod-
el’. In patients, Brophy found that all-spectrin breakdown
products (SBDPs) were significantly elevated in patients
with worse Glasgow Coma Scale (GCS) scores 24 h after in-
jury compared to those whose GCS scores improved". The
mean CSF levels of SBDPs were significantly higher in TBI pa-
tients than in controls and in patients who died than in those
who survived, and the SBDP concentration was significantly
greater in TBI patients than in controls and was correlated
with the GCS score'®. Therefore, all-spectrin is an established
biomarker of TBI.

MAP2 (spot no. 388) is important for microtubule stabil-
ity and neural plasticity and appears to be among the most
vulnerable of the cytoskeletal proteins following neuronal in-
jury. Huh et al. found that MAP2 is an early, sensitive marker
of neuronal damage following TBI. Early after TBI (2 hours)
MAP?2 expression decreased than that of control group. But
in this study, we found that MAP2 was increased in TBI
group. We speculate that the time of specimen harvesting led
to this difference. In addition, MAP2 is an early blood marker
in ischemic brain injury'. Therefore, MAP2 can be used as a
marker for detecting neurotoxic insults, including ischemia
and TBL

There is a growing awareness that RhoB (spot no. 31) is
also important signaling molecules in the CNS. RhoB is a
member of the Rho GTPase family that is dramatically in-
duced by brain ischemia or trauma. It seems likely that the
increase in RhoB level plays a major role in determining the
fate of the neurons, but there is little evidence as to wheth-
er the RhoB induction is beneficial or detrimental to neu-
ronal survival. The increased RhoB expression promotes
neurite outgrowth; but this increase is likely to make a sub-
stantial contribution to the neurodegenerative process, and
also promotes caspase 3 activation and DNA fragmentation,
key contributors to cell apoptosis®. RhoB mediates apopto-
sis in neoplastically transformed cells after DNA damage. Of
the 20 proteins, GAPDH (spot no. 171) also participates in
nuclear events, including transcription, RNA transport, DNA
replication, and cell apoptosis®'. Therefore, RhoB and GAPDH
may play roles in neuro-cell apoptosis after TBI.

M2-PK (spot no. 49) is a phosphotyrosine-binding protein
that has been studied in tumors, but not identified in TBI.
M2-PK expression is critical for rapid growth in cancer cells®.
It has been used in the diagnosis and surveillance of a variety
of malignant diseases. With respect to injury, Oehler found
that M2-PK expression and activity were increased in poly-
trauma patients compared to controls®. M2-PK is the prod-
uct of the PKM2 gene. PKM2 gene transcription is activat-
ed by hypoxia-inducible factor 1 (HIF-1), i.e., when hypoxia
occurs, such as after TBI, the PKM2 gene produces M2-PK.
Pyruvate kinase (PK) orthologs in many organisms are in-
hibited by oxidants. Anastasiou found that the inhibition
of M2-PK by reactive oxygen species contributes to cellular
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antioxidant responses?. Given the presence of hypoxia after
TBI, M2-PK is a potential biomarker of TBI.

Another protein that has not previously been found after TBI
is ATP-binding cassette protein C12 (spot no. 254). The gene for
ATP-binding cassette protein C12 is AbccI2 in rats and ABCCI2
in humans. The product of ABCC12 is MRP9, which is expressed
in breast tissue, brain, bone, and ovary®. SUR], the product of
Abcc8, has been found in the CNS after TBI and has an effect on
progressive hemorrhagic necrosis (PHN)*. Abcc8 and Abccl2
are members of the Abcc superfamily and their products, SUR1
and MRP9, respectively, have been found in brain. Therefore,
similar to SUR1, MRP9 might be an indicator of TBL

The 14-3-3 protein (spot no. 387) family plays an impor-
tant role in tumorigenesis and development. In addition,
14-3-3 protein is a biomarker of neurodegenerative diseas-
es?. In the motoneurons of rats, Namikawa reported that en-
hanced expression of the molecules involved in Ras-Erk sig-
naling, such as 14-3-3 protein, is required for peripheral nerve
regeneration®. Apoptosis is important in cell death after TBI
and is associated with B-cell lymphoma 2 (Bcl-2). 14-3-3 pro-
tein can bind Bcl-2-antagonist cell death (BAD) and then
trigger cell apoptosis®. Consequently, 14-3-3 protein is a po-
tential marker of apoptosis after TBL
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