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= Abstract =

Purpose : Epilepsy affects more than 0.5% of the world's population. It has a large genetic component and is caused by

electrical hyperexcitability in the central nervous system. Despite its prevalence, the disease lacks definitive diagnostic serolo-

gical biomarkers. To identify potential biomarkers for epilepsy by a convenient method, we analyzed the expression of serum

proteins, reflecting alterations in the patient's proteomes. 

Methods : We compared two-dimensional electrophoretic band patterns of human sera from eight patients with temporal lobe

epilepsy (TLE) with those of eight control subjects. The differentially expressed bands were identified using matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry and electrospray ionization quadrupole time-of-flight mass spectrometry.

Results : Twelve proteins were differentially expressed in the TLE group, of which 6 were identified. Expression of haptoglobin

Hp2, PRO2675, immunoglobulin heavy chain constant region gamma 2, an unnamed protein, and three unidentified proteins

were upregulated in serum from the patients with TLE, whereas those of major histocompatibility complex (MHC) class I

antigen, plasma retinol-binding protein precursor, and three unidentified proteins were downregulated in these patients. After

resection of the epileptogenic zone, the expressions of MHC class I antigen, immunoglobulin heavy chain constant region

gamma 2, two of the downregulated unidentified proteins, and one of the upregulated unidentified proteins returned to the

normal range. 

Conclusion : The 12 serum proteins in this study are potentially useful biomarkers for the diagnosis and monitoring of TLE.

(Korean J Pediatr 2009;52:567-575)
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Introduction

Epilepsy is a neuronal disease characterized by recurrent 

seizures, caused by a uncontrolled discharge (hyperexcitabi-

lity) of neurons in either the entire cortex (generalized epile-

psy) or localized brain areas (partial epilepsy). In developed 

countries, the age-adjusted incidence of recurrent, unprovoked 

seizures ranges from 24 to 53 per 1,000 persons per year, and 

it is consistent across geographic regions. The age-adjusted 

prevalence varies from 4 to 8 per 1,000 persons1).

Received:3 February 2009, Revised:11 February 2009

Accepted:13 March 2009

Address for correspondence :Yong Guen Kwak, M.D. 

Department of Pharmacology, Chonbuk National University Medical School

634-18, Kumam-dong, Dukjin-gu, Jeonju-si, Jeonbuk 561-712, Korea

Tel :+82.63-270-3091, Fax :+82.63-853-3670

E-mail :ygkwak@chonbuk.ac.kr 

*This work was supported by research grant of the Wonkwang University in 

2007

Epilepsy is a common and heterogeneous neurological 

disorder originating from biochemical and molecular events 

that are incompletely understood. The development of mole-

cular markers and genomic resources has facilitated the iso-

lation of genes responsible for rare monogenic epilepsies in 

human and mouse. Many of the identified genes encode ion 

channels such as Na+, K+ and Ca2+ channels or other com-

ponents of neuronal signaling2-4). Despite extensive studies 

on temporal lobe epilepsy, the molecular mechanism under-

lying the disease pathogenesis is not well understood.

A variety of tests are used to diagnose epilepsy, including 

semiology, electroencephalography (EEG), and neuroimaging. 

However, these methods are very complex and can yield 

inconsistent results. For example, video-EEG monitoring 

should be performed over several days to obtain accurate 

EEG recordings and observe symptoms. Magnetic resonance 

imaging (MRI) does not always detect abnormal lesions in 
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patients with repetitive seizures. These diagnostic tools have 

many other disadvantages. They are time-consuming, ex-

pensive, and unable to detect epilepsy in its early phase in 

order to assess the degree of seizure control or provide pro-

gnoses. Thus, the development of serologic marker proteins 

for epilepsy could simplify diagnosis and assist in screening 

and post-treatment surveillance, as in the case of alpha- 

fetoprotein for hepatocellular carcinoma and germ cell tu-

mors5, 6). Definitive diagnostic protein-biomarkers for epilepsy 

have not yet been identified. Proteomics has played a central 

role in clinical diagnosis and monitoring of disease since 

Hanash et al.7) first proposed that proteomic study has the 

potential to identify novel biomarkers from pathologic tis-

sues, biological fluids, and sera. A major resurgence of in-

terest in the human serum proteome has occurred because of 

evidence that many disease processes are associated with 

quantitative and functional changes of proteins in body fluids. 

Despite research by many groups, serologic biomarker of 

epilepsy, which could be used as a simple diagnostic tool 

and in post-treatment surveillance, remains elusive.

We analyzed the proteomic profiles in serum of patients 

with TLE to find an easy and simple diagnostic method and 

to identify proteins that play a role in the pathogenesis of 

epilepsy. In the present study, we identified 12 proteins 

whose expression levels changed in patients with TLE after 

resection of the epileptic zone or were expressed differenti-

ally in these patients compared to normal individuals.

Materials and methods

1. Serum samples

Venous blood was collected from 8 patients with TLE 

before and 7 days after resection of the epileptic zone, and 

from 8 control subjects without epilepsy. The serum was 

separated and frozen at -80℃ until its use. The thawed sam-

ples were centrifuged at 4,500 rpm for 10 min to remove fibri-

nogen, and the samples were then filtered (0.45 µm pore size, 

Millipore, USA). The study was approved by The Ethics 

Committee of Chonbuk National University Medical School, 

and written informed consent was obtained from all the 

subjects. 

2. Removal of sereum albumin by HiTrap Blue column

The preservative was washed out and the HiTrap Blue 

column (Amersham Biosciences, Uppsala, Sweden) was equi-

librated with 10-column volumes of binding buffer (50 mM 

KH2PO4, pH 7.0). The serum samples were loaded onto a 1 ml 

column at 0.5 ml/min. The column was washed with at least 

5-column volumes of a binding buffer, and the serum proteins 

were eluted with an elution buffer (50 mM KH2PO4, 1.5 M KCl, 

pH 7.0). The eluted samples were then desalted by dialysis 

tubing (12 kDa molecular cut-off; Sigma, St. Louis, MO, USA) 

before running 2-dimensional elcetrophoresis (2-DE).

3. Two-dimensional electrophoresis

For 2-DE, 300 µg of serum protein in a rehydration solu-

tion (8 M urea, 2% CHAPS, 0.5% immobilized pH gradient 

(IPG) buffer, 1% DTT and a trace of bromophenol blue) was 

loaded into an immobiline DryStrip (pI 3-10, 24 cm) (Amer-

sham Biosciences, St. Louis, MO, USA). The first-dimension 

isoelectric focusing (IEF) was performed using an IPGPhor 

IEF System (Amersham Biosciences, Uppsala, Sweden) at 2

0℃. The gels were equilibrated for 30 min in equilibration 

buffer I [50 mM Tris-Cl (pH 8.8), 6 M urea, 30 % glycerol, 

2% SDS, 0.1% DTT] and II [50 mM Tris-Cl (pH 8.8), 6 M 

urea, 30% glycerol, 2% SDS, 0.25% IAA]. The second-dimen-

sion IEF was run according to the Ettan DALT II System 

operating manual (Amersham Biosciences, Uppsala, Sweden). 

For 2-DE, 12.5% SDS-polyacrylamide slab gels (24 cm) 

were used. The IPG strips were placed on the surface of the 

second-dimension gels, and sealed with 0.5% agarose in SDS 

electrophoresis buffer (25 mM Tris base, 192 mM glycine, 

0.1% SDS). The gels were run overnight at 110 V.

4. Silver staining

Silver staining of the gels was performed with a modified 

silver staining protocol and using the Silver Stain PlusOne 

kit (Amersham Biosciences, Uppsala, Sweden). After electro-

phoresis, the gels were fixed with 40% methanol/10% acetic 

acid for 30 min, sensitized by incubation in a sensitizing 

solution (0.2% sodium thiosulfate, 30% methanol, 68 g/L 

sodium acetate), and rinsed with 3 changes of distilled water 

(5 min washes). After rinsing, the gels were incubated in 

0.25% silver nitrate for 20 min. Silver nitrate was then 

discarded and the gels were rinsed twice with distilled water 

for 1 min and then developed with 0.15% formaldehyde in 

2.5% sodium carbonate under intensive shaking. The gel 

development was terminated with 1.46% EDTA. 

5. Image analysis

The silver-stained 2-DE gels were scanned with LabScan 
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software on an Imagescanner (Amersham Biosciences, Uppsala, 

Sweden). The information was digitized and analyzed using 

ImageMaster 2D (Amersham Biosciences, Uppsala, Sweden). 

Band standardization was carried out for all matched bands. The 

band volume (intensity) was normalized as a percentage of the 

total band volume using the bands present in all gels.

6. Destaining

The silver stain was removed using chemical reducers as 

described previously8). After the bands of interest were exci-

sed from the gels, 30 to 50 µL of a working solution was 

added to each gel and vortexed occasionally. The stain in-

tensity was monitored until the brownish color disappeared. 

Gels were then rinsed a few times with water, and 200 mM 

ammonium bicarbonate was added to the gels for 20 min. 

Subsequently, the gels were cut into small pieces and dehyd-

rated with repeated changes of acetonitrile until the gel 

pieces turned opaque white. The gel pieces were finally dried 

in a vacuum centrifuge for 30 min.

7. Trypsin digestion of proteins in-gel

The proteins were digested enzymatically as described 

previously9, 10). Briefly, the gel pieces were digested with 5 

to 10 ng/L of trypsin and 50 mM ammonium bicarbonate, 

and incubated overnight at 37℃. Following enzymatic diges-

tion, the resultant peptides were extracted 3 times and dried 

for 30 min using a vacuum centrifuge.

8. Protein identification

The dried samples were analyzed by matrix-assisted laser 

desorption/ionization time-of flight (MALDI-TOF) mass spec-

trometry for peptide mass fingerprinting, and by electrospray 

ionization quadupole time-of flight (ESI-Q-TOF) mass spec-

trometry for peptide sequencing.

For MALDI-TOF analysis, the peptides dissolved in 0.5 

% trifluoroacetic acid (TFA) solution were desalted using a 

ZipTipC18 (Millipore, Bedford, MA, USA) tip, and eluted 

directly onto the MALDI target by using cyano-4-hydroxy- 

cinnamic acid (CHCA) matrix solution (10 mg/mL CHCA in 

0.5% TFA/50% acetonitrile (1:1, v/v)). The MALDI-MS 

spectra were analyzed using a 4700 Proteomics Analyzer 

(Applied Biosystems, Framingham, MA, USA) with UV 

light (355 nm) from a Nd:YAG laser with a repetition rate 

of 200 Hz.

All MS/MS experiments for peptide sequencing were per-

formed using a Nano-LC/MS system consisting of an Ulti-

mate HPLC system (LC Packings, Netherlands) and a Q- 

TOF2 mass spectrometer (Micromass, U.K) equipped with 

a nano-ESI source.  Ten microliters of each sample was 

loaded onto a C18 trapcolumn (I.D 300 µm, length 5 mm, 

particle size 5 µm; LC Packings, Netherlands) for desalting 

and concentration. The trapped peptides were separated on 

a C18 nano-column (I.D 75 µm, length 150 mm, particle size 

5 µm; LC Packings, Netherlands). In the nano-electrospray 

ionization source, the end of the capillary tubing from the 

nano-LC column was connected to pico-tip silica tubing (I.D 

5 µm; New Objectives, USA) and the metal high voltage 

interface by a three-way tee piece. The applied voltage to 

produce an electrospray was 1.5 to 2 kV, and the cone vol-

tage was 30 V. Argon was introduced as a collision gas at 

a pressure of 10 psi. 

The database searches were carried out using MSCOT or 

MS-Fit, accessible at http://kr.expasy.org or http://www. 

ncbi.nlm.nih.gov.

Results

Protein expression profiles in serum from 8 patients with 

TLE and control subjects were analyzed by 2-DE, and the 

proteins were stained with silver. Representative gels (one 

sets) with silver staining are shown in Fig. 1. Routine sil-

ver staining distinguished 300 to 600 protein bands of about 

300 µg.  

By performing 2-DE, we found that the expression of 12 

proteins in the serum of the patients with TLE before 

treatment was significantly and consistently different from 

that of the control subjects (Fig. 1, 2). These specific protein 

expression rate seen in the patients with TLE is 5 or 6 

times of that of control subjects. Seven of these proteins 

were upregulated and 5 were downregulated. After surgery, 

the expression of 4 of these proteins returned to the normal 

range. To identify these proteins, the bands were excised 

from the gels, destained, digested overnight with trypsin, 

and analyzed by MALDI-TOF MS and ESI Q-TOF MS. 

The results of this analysis are shown in Table 1. We found 

that the expression of haptoglobin Hp2, PRO2675, and im-

munoglobulin (Ig) heavy chain constant region were upre-

gulated in the patients with TLE. However, one band repre-

sented an unnamed protein, and three proteins remained uni-

dentified. The downregulated proteins in the patients with 

TLE were identified as major histocompatability complex 

(MHC) class I antigen and, plasma retinol-binding protein 
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Fig. 1. A pair of representative two-dimensional electrophoretic gels (sil-
ver-stained) for serum of the eight patients with temporal lobe epilepsy
before and 7 days after resection of the epileptogenic zone compared with 
those of the eight control subjects.

Fig. 2. The proteins with significantly and consistently altered expression in
serum from the eight patients with temporal lobe epilepsy were compared 
with those from serum of the eight control subjects. The 12 proteins are 
marked on two-dimensional electrophoretic gels.

precursor; 3 of these downregulated proteins were unidentifi-

able. We failed to identify 6 proteins because the expression 

level was below the limit of detection. These proteins may 

be novel, and their expression significantly and consistently 

differed in the 2 groups.

From the 2-DE analysis, upregulation of the specific pro-

tein expression seen in the patients with TLE before surgi-

cal intervention, expressed as a percentage of that seen in the 

control subjects, was as follows (Fig. 3): haptoglobin Hp2 

(band 113), 232±50 (n=8); PRO2675 (band 115), 715±109 

(n=8); Ig heavy chain constant region (band 303), 328±82 

(n=8); the unnamed protein (band 375), 235±43 (n=8); 

unidentified protein (band 135), 278±88 (n=8); unidentified 

protein (band 188), 293±77(n=8); unidentified protein (band 

252), 472±59 (n=8). The expression levels of Ig heavy chain 

constant region and one of the unidentified proteins (band 
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Fig. 3. Seven bands were significantly and constantly upregulated in serum of the patients 
with temporal lobe epilepsy (TLE) compared with those in serum of the control subjects. 
In each pair of the two-dimensional electrophoretic gels, one from a control subject and
the other from a patient with TLE, the density of the band from thepatient with TLE 
was normalized to the density of the corresponding band obtained from the matched
control subject. The averaged volumes of each band are displayed as column bars from 
the eight pairs in the lower panel. Nor, Pre, and Post denote control, before, and 7 days 
after resection of the epileptogenic zone, respectively.

Table 1. Protein Expression Significantly Changed in the Serum of Patients with Temporal Lobe Epilepsy

Spot no. Protein name Accession no. Measured pI/mass pI/Mw 
(in database)

Pre op' Post op'

34
42
61
63
72
113
115
135
188
252
303

375

MHC class I antigen
Plasma retinol-binding protein precursor

Not identified
Not identified
Not identified

Haptoglobin Hp2
PRO2675

Not identified
Not identified
Not identified

Immunoglobulin heavy chain constant region 
gamma 2

Unnamed protein

 1813606
 1710096

-
-
-

  223976
 7770217

-
-
-

12054074

10433230

5.12/30,192
5.29/24,859
5.72/51.449
5.88/51.576
5.31/14.682
5.92/41,728
6.09/38,341
5.85/35.294
6.20/48,320
6.39/19,517
7.55/34,177

5.44/47,012

/26,055
/23,087

-
-
-

/41,717
/32,553

-
-
-

/35,938

/40,903

↓
↓↓
↓↓
↓

↓↓
↑

↑↑
↑↑
↑↑
↑↑
↑

↑

・
↓
・
・
↓

↑↑
↑
↑
・

↑↑
・

↑↑

188; pI 6.20, molecular weight 48.32 kDa) decreased to levels 

seen in the control subjects 7 days after surgery. In contrast, 

expression of haptoglobin Hp2 (band 113) markedly increased 

after treatment. As shown in Fig. 4, downregulation of speci-

fic protein expression seen in the patients with TLE before 

surgery, expressed as a percentage of that seen in the control 

subjects, was as follows: MHC class I antigen, 33±3 (n=8); 

plasma retinol-binding protein precursor, 29±4 (n=8); un-

identified proteins (band 61), 21±1 (n=8); unidentified pro-

teins (band 63), 24±3 (n=8); and the third unidentified pro-

tein (band 72), 18±12 (n=8). Expression level of MHC class 

I antigen and two unidentified proteins (band 61 and 63) 
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Fig. 4. Five bands were significantly and constantly downregulated in serum of
the patients with temporal lobe epilepsy (TLE) compared with those in serum 
of the control subjects. In each pair of the two-dimensional electrophoretic gels, 
one from a control subject and the other from a patient with TLE, the density 
of the band from the patient with TLE was normalized to the density of the 
corresponding band obtained from the matched control subject. The averaged 
volumes of each band are displayed as column bars from the eight pairs in the 
lower panel. Nor, Pre, and Post denote control, before, and 7 days after resection 
of the epileptogenic zone, respectively.

increased 7 days after surgery to the level seen in control 

subjects. 

Discussion

In the present study, 12 proteins were differentially ex-

pressed in serum of 8 patients with TLE compared to serum 

of 8 normal healthy subjects. Six of these proteins, which 

were upregulated in the sera from the patients with TLE, 

were identified as MHC class I antigen, haptoglobin Hp2, 

PRO2675, plasma-retinol binding protein precursor, Ig heavy 

chain constant region gamma-2, and an unnamed protein 

(Accession number: 10433230). The remaining 6 unidentified 

proteins might be novel. This proteomic information will be 

useful in the search for candidate biomarkers of TLE, which 

will simplify diagnosis and monitoring of epilepsy as well as 

further our understanding of the pathophysiology of this dis-

ease.

The MHC class I molecules are members of the Ig super-

family of cell surface proteins that enable the immune system 

to distinguish normal cells from foreign, mutant, or infected 

cells. These heterodimeric proteins have a membrane-span-

ning α-chain bound non-covalently to β2-microglobulin, 

which does not span the membrane. They are expressed in 

most tissues and have been studied intensively because of 

their crucial roles in initiating and regulating immune res-

ponses. They are most well known for their ability to bind 

intracellular-derived peptides and present them for inspection 

by cytotoxic T cells11, 12). 

The brain has long been considered as an immune pri-

vileged organ13), and neurons have been thought to express 

MHCI molecules only in response to cytokines14-17). However, 

highly sensitive in situ hybridization and RNase protection 

techniques have revealed that the MHCI molecules are ex-

pressed throughout the mammalian brains, that different 

MHCI molecules have overlapping but clearly distinct neur-

onal expression patterns within the brain, and that they are 

dynamically regulated, during normal development and by 

neural activity18, 19). Recent experiments have demonstrated 

that proper surface expression of MHCI proteins is required 

for normal formation of neuronal connections and normal 

synaptic plasticity in the mature hippocampus19). A study 

with mutant mice found that deletions of genes encoding β

2-microglobulin and tobacco acid pyrophosphatase 1 drama-
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tically reduced levels of MHCI proteins on the cell surface20). 

These mutant mice also had abnormal neuronal projections 

from the retina to the visual area of the thalamus as well as 

altered hippocampal long-term potentiation and long-term 

depression. Together, these phenotypes suggest that neuro-

nal MHCI molecules are involved in regression and/or elimi-

nation of inappropriate synaptic connections. 

In addition to synaptic plasticity and development, neuro-

nal MHCI proteins may play a role in pheromone detection. 

Two groups have recently shown that several M family 

MHCI molecules are expressed in the mouse vomeronasal 

organ21, 22) and are needed for normal mating behavior22). 

These observations suggest that these genes, long studied 

as mediators of immune function, can also play distinct, no-

nimmune roles in neurons. However, the relationship between 

MHC class I antigen and epilepsy has never been studied. 

We found that the expression of this antigen decreased in 

the serum of patients with TLE but recovered 7 days after 

surgery to the level seen in the control subjects. This down-

regulation of MHC class I antigen expression in epileptic 

brain cells may be related to disease pathogenesis. If this is 

true, the protein might also be  biomarker that can be used 

to diagnosis and monitoring of epilepsy.

Vitamin A (retinal) is an essential micro-nutrient with active 

derivatives that play key roles in a number of diverse biological 

processes, such as vision, cell growth and differentiation, and 

embryonic development and morphogenesis23). Retinal is bound 

to distinct carrier proteins:, the plasma retinal-binding protein 

(PRBP) and cellular retinal-binding proteins (CRBPs), respec-

tively24, 25). When complexed with both plasma and cytoplasmic 

carriers, retinal is bound inside a deep cavity, nearly completely 

shielded from the external environment, such that it acquires 

stability drastically higher than that of uncomplexed retinal in 

the aqueous medium26, 27). RBP specifically binds retinol and 

belongs to a superfamily of proteins, known as the lipocalyn 

superfamily, whose members are characterized by a highly 

conserved basic structural motif, despite the fact that they 

possess low sequence identity. Retinol is synthesized and 

complexed with RBP in the liver before it is secreted to various 

target cells24, 25).

Circulating in the plasma, the monomeric RBP molecule 

(21 kDa) is complexed with tetrameric thyroxine-binding 

transthyretin (55 kDa). The RBP-transthyretin macromole-

cular complex is believed to prevent filtration of the rela-

tively small RBP by renal glomeruli. Calamita et al.28) re-

ported that RBP levels were reduced in patients with liver 

cirrhosis. To date however, a relationship between epilepsy 

and RBP or RBP precursor protein has not been established. 

In the present study, RBP precursor protein expression was 

decreased in the serum of the patients with epilepsy, and 

this is the first report to clarify the relationship between 

epilepsy and the RBP precursor protein. The RBP precursor 

is thus another potentially valuable biomarker for epilepsy. 

However, the pathophysiological role of the RBP precursor 

protein in epilepsy remains unknown.

In humans, the structural gene locus of haptoglobin (Hp) 

is polymorphic, with two common alleles (Hp1 and Hp2) 

coding for three phenotypes (Hp 1-1, Hp 2-1, Hp 2-2)29). 

Several biological activities have thus far been ascribed to 

this protein although functional differences have been de-

monstrated between the three phenotypes30). The primary 

function of Hp is hemoglobin capture to prevent both iron 

loss and kidney damage during hemolysis. As one of the 

major acute phase reactants, Hp is involved in inflammation, 

infection, and malignancy. Hp also possesses immunoregula-

tive properties30), inhibits prostaglandin synthesis, and pro-

tects against harmful oxidation processes (this effect is less 

pronounced for Hp 2-2 type). Panter et al.31) reported that 

serum total Hp was significantly reduced in patients with 

familial idiopathic epilepsy or seizures. This hypohaptoglo-

binemia may be causally associated with a tendency to de-

velop epilepsy. In contrast, the present study found that the 

serum level of Hp-2 significantly increased in serum taken 

from patients with epilepsy compared to serum taken from 

the control subjects. These results suggest that Hp isoforms 

may have distinct functions. Thus, epilepsy alters Hp ex-

pression in an isoform-specific manner, and this could ac-

count for differences in reported serum Hp levels. Although 

the pathophysiological role of Hp-2 in epilepsy is unclear, the 

protein is a potential diagnostic biomarker for the disease.

The variable and constant regions of Ig or antibody mole-

cules are involved in antigen recognition and effector func-

tions, respectively32). The several functional Ig classes are, 

characterized by different heavy chain constant (CH) regions. 

CH regions are encoded by genes located in the IgH locus 

downstream of the variable region (IGHV) genes33). The 

various CH regions interact with different components of the 

immune system to elicit inflammatory responses and elimi-

nate the antigens34, 35). Antibodies characterized by a gamma 

heavy chain, or IgG antibodies, exist as monomers and re-

present the major isotype in blood and extracellular fluids. 

In humans, IgG antibodies can be subdivided into four sub-
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classes, which are designated IgG1, IgG2, IgG3, and IgG4, 

and contain a CH region encoded by one of four immuno-

globulin heavy gamma (IGHG) genes, designated as IGHG1, 

IGHG2, IGHG3 and IGHG4 genes, respectively32, 36). 

The constant regions of these Ig molecules, in their se-

creted forms, consist of three domains (CH1, CH2 and CH3), 

as well as a hinge region, and differ from each other in 

sequence, structure, functional properties and levels of ex-

pression in response to specific antigenic stimulation37). The 

relationship between the constant region of the Ig gamma-2 

heavy chain and any disease or pathologic conditions has 

not been determined. Interestingly, in the present study, the 

constant region of the Ig gamma-2 heavy chain was up- 

regulated in serum of patients with TLE. Thus, this protein 

may be a third useful biomarker of TLE. Further studies are 

needed to clarify the mechanism underlying this up-regula-

tion. We will try to identify the two functionally uncharac-

terized proteins (Gi223976 and Gi10433230) and the other six 

unidentified proteins in future studies using human genomic 

techniques and human gene libraries. This information will 

be valuable because the proteins might be novel, and they 

may have a function in TLE pathogenesis. Data obtained 

from these studies will establish whether these proteins are 

economic and simple biomarkers for diagnosing and monito-

ring TLE.

The information provided by this proteomic analysis will 

be very useful for our understanding of the pathophysiology 

of TLE as well as for finding  new therapeutic targets or 

diagnostic biomarker canditates for this disease.

한 글 요 약

측두엽 간질환자의 혈청에서 프로테오믹스기법을 

활용한 질병관련 단백질 동정 

원광대학교 의과대학 소아과학교실

전북대학교 의학전문대학원 신경외과학교실*, 약리학교실†

이창우・유승택・최하영*・고은정*・곽용근†

목 적 : 간질은 전세계인구의 0.5%에서 발병하며 유전적 성향

이 많고, 이는 중추신경계의 과 흥분성에 기인한다고 알려져 있

다. 최근 프로테오믹스기법의 발달로 질병관련 단백질 동정이 활

발히 연구되어지고 있다. 더불어, 간질의 진단은 영상기법 및 뇌

파 분석 등이 이용되고 있으나, 가장 손쉽고 경제적인 혈청단백

질을 이용한 진단법은 확립되어 있지 못하다. 그러므로 본 연구

에서는 측두엽 간질환자의 혈장 단백질을 분석하여 간질의 진단 

표지단백질 및 질병관련단백질을 발굴하고자 하였다. 

방 법 : 저자들은 8명의 측두엽 간질환자와 8명의 정상인 혈청

을 비교하였다.

결 과 : 간질환자의 혈청에서 정상 혈청단백질과 유의하고 일

관성 있는 차이를 보이는 12개의 단백질을 발견하였다. 그 중, 6

개의 단백질을 동정하였고, 6개의 단백질은 동정하지 못하였다. 

더불어, haptoglobin Hp2, PRO2675, immunoglobulin heavy 

chain constant region gamma 2와 1개의 명명되지 않은 단백

질 및 3개의 미지의 단백질을 포함한 7개의 단백질은 간질환자

의 혈액에서 증가하였다. 반면, MHC class I antigen, plasma 

retinol-binding protein precursor 및 3개의 미지의 단백질을 

포함한 5개의 단백질은 감소하였다.

결 론 : MHC class I antigen, immunoglobulin heavy chain 

constant region gamma 2 및 수술 전에 증가하였던 3개의 미지

의 단백질 중에서 1개, 감소하였던 3개의 미지의 단백질 중에서 

2개를 포함한 모두 5개의 단백질은 간질을 일으키는 뇌 부위 절

제 후 정상으로 회복되었다. 이는 이런 단백질들을 측두엽 간질

의 진단 및 경과관찰인자로서, 활용할 수 있음을 시사한다.  나아

가, 이러한 단백질들은 간질의 병태 생리 연구 및 새로운 치료약

물개발의 표적 단백질로 활용될 수 있을 것이다. 

References

1) Stefan H, Halasz P, Gil-Nagel A, Shorvon S, Bauer G, 
Ben-Menachem E, et al. Recent advances in the diagnosis 
and treatment of epilepsy. Eur J Neurol 2001;8:519-39.

2) Meisler MH, Kearney J, Ottman R, Escayg A. Identification 
of epilepsy genes in human and mouse. Annu Rev Genet 
2001;35:567-88.

3) Park SA, Kim TS, Choi KS, Park HJ, Heo K, Lee BI. 
Chronic activation of CREB and p90RSK in human epileptic 
hippocampus. Exp Mol Med 2003;35:365-70.

4) Eun JP, Choi HY, Kwak YG. Proteomic analysis of human 
cerebral cortex in epileptic patients. Exp Mol Med 2004; 
36:185-91.

5) Abelev GI. Alpha-fetoprotein: 25 years of study. Tumour 
Biol 1989;10:63-74.

6) Mizejewski GJ. Alpha-fetoprotein structure and function: 
relevance to isoforms, epitopes, and conformational variants. 
Exp Biol Med 2001;226:377-408.

7) Hanash SM, Bobek MP, Rickman DS, Williams T, Rouillard 
JM, Kuick R, et al. Integrating cancer genomics and proteo-
mics in the post-genome era. Proteomics 2002;2:69-75.

8) Scheler C, Lamer S, Pan Z, Li XP, Salinikow J, Jungblut P. 
Peptide mass fingerprint sequence coverage from differently 
stained proteins on two-dimensional electrophoresis patterns 
by matrix assisted laser desorption/ionization-mass spectro-
metry (MALDI-MS). Electrophoresis 1998;19:918-27.

9) Hellman U, Wernstedt C, Gonez J, Heldin CH. Improvement 
of an "In-Gel" disgestion procedure for the micropreparation 
of internal protein fragments for amino acid sequencing. 
Anal Biochem 1995;224:451-5.

10) Shevchenko A, Wilm M, vorm O, Mann M. Mass spectro-



Proteomic analysis of human serum from patients with TLE

- 575 -

metric sequencing of proteins silver-stained polyacrylamide 
gels. Anal Chem 1996;68:850-8.

11) Ploegh HL, Orr HT, Strominger JL. Major histocompatibility 
antigens: the human (HLA-A, -B, -C) and murine (H-2K, 
H-2D) class I molecules. Cell 1981;24:287-99.

12) Rammensee HG, Falk K, Rotzschke O. MHC molecules as 
peptide receptors. Curr Opin Immunol 1993;5:35-44.

13) Lampson L A. Molecular bases of the immune response to 
neural antigens. Trends Neurosci. 1997;10:211-6. 

14) Wong GH, Bartlett PF, Clark-Lewis I, Battye F, Schrader 
JW. Inducible expression of H-2 and Ia antigens on brain 
cells. Nature 1984;310:688-91.

15) Wong GH, Bartlett PF, Clark-Lewis I, McKimm-Breschkin 
JL, Schrader JW. Interferon-gamma induces the expression 
of H-2 and Ia antigens on brain cells. J Neuroimmunol 1985; 
7:255-78.

16) Neumann H, Cavalie A, Jenne DE, Wekerle H. Induction of 
MHC class I genes in neurons. Science 1995;269:549-52. 

17) Neumann H, Schmidt H, Cavalie A, Jenne D, Wekerle H. 
Major histocompatibility Complex (MHC) Class I Gene Ex-
pression in Single Neurons of the Central Nervous System: 
Differential Regulation by Interferon (IFN)-gamma and 
Tumor Necrosis Factor (TNF)-alpha. J Exp Med 1997;185: 
305-16. 

18) Corriveau RA, Huh GS, Shatz CJ. Regulation of class I MHC 
gene expression in the developing and mature CNS by 
neural activity. Neuron 1998;21:505-20.

19) Huh GS, Boulanger LM, Du H, Riquelme PA, Brotz TM, 
Shatz CJ. Functional Requirement for Class I MHC in CNS 
Development and Plasticity. Science 2000;290:2155-9.

20) Dorfman JR, Zerrahn J, Coles MC, Raulet DH. The basis 
for self-tolerance of natural killer cells in beta2-microglo-
bulin- and TAP-1-mice. J Immunol 1997;159:5219-25.

21) Ishii T, Hirota J, Mombaerts P. Combinatorial coexpression 
of neural and immune multigene families in mouse vomero-
nasal sensory neurons. Curr Biol 2003;13:394-400.

22) Loconto J, Papes F, Chang E, Stowers L, Jones EP, Takada 
T, et al. Functional expression of murine V2R pheromone 
receptors involves selective association with the M10 and 
M1 families of MHC class Ib molecules. Cell 2003;112:607-18. 

23) Blomhoff R. Overview of vitamin A metabolism and function. 
In: Vitamin A in Health and Disease, edited by Blomhoff R. 
New York, Basel, Hong Kong: Marcel Dekker Inc, 1994:1-35. 

24) Newcomer ME, Jones TA, Aqvist J, Sundelin J, Eriksson U, 
Rask L, et al. The three-dimensional structure of retinol- 
binding protein. EMBO J 1984;3:1451-4.

25) Calderone V, Berni R, Zanotti G. High-resolution structures 
of retinol-binding protein in complex with retinol: pH-induced 
protein structural changes in the crystal state. J Mol Biol 
2003;329:841-50.

26) Blomhoff R, Green MH, Green JB, Berg T, Norum KR. 
Vitamin A metabolism: new perspectives on absorption, 
transport, and storage. Physiol Rev 1991;71:951-90.

27) Chambon P. A decade of molecular biology of retinoic acid 
receptors. FASEB J 1996;10:940-54.

28) Calamita A, Dichi I, Papini-Berto SJ, Dichi JB, Angeleli AY, 
Vannucchi H, et al. Plasma levels of transthyretin and 
retinol-binding protein in Child-A cirrhotic patients in rela-
tion to protein-calorie status and plasma amino acids, zinc, 
vitamin A and plasma thyroid hormones. Arq Gastroenterol 
1997;34:139-47.

29) Smithies O, Connell GE, Dixon GH. Inheritance of haptoglo-
bin subtypes. Am J Hum Hered 1962;14:14-21.

30) Langlois MR, Delanghe JR. Biological and clinical signifi-
cance of haptoglobin polymorphism in humans. Clin Chem 
1996;42:1589-600.

31) Panter SS, Sadrzadeh SM, Hallaway PE, Haines JL, Ander-
son VE, Eaton JW. Hypohaptoglobinemia associated with 
familial epilepsy. J Exp Med 1985;161:748-54.

32) Nezlin R. Combinatorial events in generation of antibody 
diversity. Comb Chem High Throughput Screen 2001;4:377- 
83.

33) Bengten E, Wilson M, Miller N, Clem LW, Pilstrom L, Warr 
GW. Immunoglobulin isotypes: structure, function, and 
genetics. Curr Top Microbiol Immunol 2000;248:189-219.

34) Oxelius VA, Carlsson AM, Aurivillius M. Alternative G1m, 
G2m and G3m allotypes of IGHG genes correlate with atopic 
and nonatopic pathways of immune regulation in children 
with bronchial asthma. Int Arch Allergy Immunol 1998;115: 
215-9.

35) Milili M, Antunes H, Blanco-Betancourt C, Nogueiras A, 
Santos E, Vasconcelos J, et al. A new case of autosomal 
recessive agammaglobulinaemia with impaired pre-B cell 
differentiation due to a large deletion of the IGH locus. Eur 
J Pediatr 2002;161:479-84.

36) Attanasio R, Jayashankar L, Engleman CN, Scinicariello F. 
Baboon immunoglobulin constant region heavy chains: iden-
tification of four IGHG genes. Immunogenetics 2002;54:556- 
61.

37) Nezlin R, Lefkovits I. Expressed immunoglobulin repertoire 
of LPS-stimulated splenocytes of unimmunized mice as 
studied by two-dimensional gel electrophoresis. Mol Immu-
nol 1998;35:1089-96.


