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Abstract. – OBJECTIVE: The occurrence of
epilepsy is associated with myelin sheath in-
jury; oligodendrocyte (OL) is the main cell of
myelin sheath; In this study, we observed the
changes of OL, demyelination, and myelin as-
sociated protein in different stages of in-
tractable epilepsy (IE) at the epileptic foci of
patients, and provide useful information for the
pathophysiology of IE.

PATIENTS AND METHODS: IE patients who
received epileptogenic focus resection were re-
cruited as the experimental group, their medical
records were collected and postoperative follow-
up was performed. The brain tissues from10 cas-
es with non-brain disorders were obtained as
controls. Immunofluorescence double staining
was used to observe OL expression. The de-
myelination in epileptic foci was observed by
luxol fast blue (LFB) staining method. Real-time
fluorescent quantitative (RT) PCR, Western blot
methods were used to detect the expressions of
myelin-related proteins.

RESULTS: We observed increased OL precur-
sor cells, former OL and decreased mature OL
in experimental group when compared with
controls (both p < 0.05). The demyelination was
obviously higher in experimental group when
compared with controls (p < 0.01). We also ob-
served significantly decreasing of myelin basic
protein (MBP), oligodendrocytes myelin glyco-
protein (OMgp), myelin associated glycoprotein
(MAG) and other MAG associated proteins-No-
go receptors (NgRs) and GD1αα (p < 0.01) in
epileptic foci.

CONCLUSIONS: OL is differentiated abnor-
mally at epileptic foci of patients with IE; the de-
myelination, decreasing of demyelination and
myelin associated protein are related to the oc-
currence of IE.
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Introduction

Epilepsy is a common neurological disease
with low cure rate. Epilepsy plagues about 50
million patients worldwide, and seriously impact
on their survival and quality of life1,2. Recurrent
seizures will lead to abnormal transduction of
neuronal signal and cause damage in the conduc-
tion system of brain nerve3. Studies4-6 have found
that demyelination and brain white matter lesions
appeared in central nervous system of these pa-
tients4-6. The animal experiment also demonstrat-
ed demyelination appeared in cerebral cortex and
hippocampus of pentylenetetrazole (PTZ) in-
duced epilepsy rat7. Multiple sclerosis, demyeli-
nation and other demyelinating diseases could be
observed in epileptic seizures of an animal
model8. Researchers observed9 epileptic discharge
in EEG of myelin-gene deficient rats; they ob-
served tremor in the growth process of gene defi-
cient rats, then followed by the occurrence of
seizures. Another study10 showed when using Co-
paxone, an immunomodulatory, treating PTZ in-
duced epileptic rats, the drug can relieve the de-
myelination, and reduce the attack frequency of
seizures. These researches all demonstrate the
epilepsy is related to myelin damage.
As an important component cell of the myelin

sheath, oligodendrocytes (OL) plays an impor-
tant role in the pathological process of epilep-
sy11,12. OL has drawn much attention in cerebral
ischemia research recent years13-15, and the differ-
entiation of OL is dynamic in these animal mod-
els. The different form of differentiated OL plays
different pathological and physiological func-
tions13. Wu et al16 reported a large number of re-
ceptors and transporters of excitatory amino acid
distributed on the OL membrane, and they form
neural networks together with neurons and other
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glial cells, which may be related to the pathogen-
esis of epilepsy. They also indicated that the in-
censement of oligodendrocytes progenitor cells
(OPC) in the cerebral hippocampus of the animal
model was related to demyelination and epileptic
seizure.
In this study, we collected the epileptic foci of

intractable epilepsy (IE) patients, and analyzed
the differentiation of OL, the expression changes
of myelin and myelin-related proteins, to provide
useful pathogenesis information for IE.

Patients and Methods

Tissue Collection and 
Ethnic Consideration
The epileptic foci were collected from 30 re-

sected tissues of IE patients who received surgical
resection treatment in The People’s Hospital of
Guizhou Province during June 2011 to June 2013.
Their clinical data including age, gender, onset sit-
uation, onset time, etc were collected for analysis.
All patients have typical clinical manifestations of
epilepsy and accepted long-term video EEG moni-
toring. The discharge form and original position
during seizure interictal were recorded; their
epileptic foci were located. The accurate position-
ing in the intraoperative cortical during the surgi-
cal process was measured by deep electrode. The
epileptic foci with the most obvious discharging
part in brain tissue were resected. Another 10 nor-
mal brain tissues were obtained from Forensic
Center of Guiyang Medical University, all the sub-
jects were confirmed with non-nervous system
disease, epilepsy or family history of epilepsy.
This study was approved by Ethics Committee

of the People’s Hospital of Guizhou Province in
May 2011 and registered in registration center of
clinical trials in China (ChiCTR-ROC-15006293,
http://www.chictr.org.cn/showproj.aspx?proj=10
816). The Ethics Committee approved relating
screening, treatment, and data collection of these
patients. All works were undertaken following
the provisions of the Declaration of Helsinki. All
subjects or subjects’ legal relatives signed written
informed consent form for using of tissue sam-
ples.

Sample Processing
After harvest these brain tissues, total RNA

was extracted from the fresh tissue immediately,
and then was reverse transcribed to cDNA and
stored in –20°C refrigerator for further real-time

fluorescence quantitative PCR analysis. The oth-
er part of brain tissue was preserved in -80°C re-
frigerator for Western blot analysis and the rest
of the brain tissues were fixed with 4% poly
formaldehyde, paraffin embedded for Luxol Fast
Blue (LFB) staining and immunofluorescence
histochemical analysis.

Double Immunofluorescence Staining
The slice with a thickness of 0.5 mm was de-

waxed by xylene, processed by gradient alcohol
and washed with phosphate buffered saline
(PBS) solution. The antigen repairing liquid (pH
6.0) was added for high-pressure antigen repair
of 10 min, then washed with PBS solution for 3
times with each of 3 min; then sealed by a solu-
tion containing 1% bovine serum albumin (BSA
and 0.4% Trition-100 at 37°C for 30 min. The di-
luted primary antibodies-mouse monoclonal anti-
body to human A2B5 (AB53521, 1:20; Abcam,
Cambridge, MA, USA) + rabbit polyclonal anti-
body to human platelet-derived growth factor re-
ceptor α (PDGFR α) (AB53521, 1:20; Abcam,
Cambridge, MA, USA), mouse monoclonal anti-
human O4 anti-body (O7139, 1:100; Sigma-
Aldrich, St. Louis, MO, USA) + PDGFR α
(1:100), O4 (1:100) + myelin basic protein
(MBP, AB62631, 1:100; Abcam plc, Cambridge,
MA, USA) – were added and cultured at 4°C
overnight. After washed with PBS solution, the
secondary antibody mixed with green fluorescent
FITC (BA1114 1:50, Boster Bio Tech, Wuhan,
China) + red fluorescence TRITC (BA1092,
1:50; Boster Bio Tech, Wuhan, China) was added
in the avoidance of light, the section was then
cultured at 37°C 2 h, washed with PBS and
sealed by anti-fluorescence attenuation agent.
The sections were observed under fluorescence
microscopy. Captured images were superimposed
and processed using Adobe Photoshop CS 6 soft-
ware. The positive cell number of A2B5+ /
PDGFR α+, O4+ /PDGFR α+, O4+ / MBP in 5 in-
dependent perspectives were counted.

Immunofluorescence Staining
The slices were processed same as described

above before antibodies were added. After the di-
lution of primary antibody, Myelin Basic Protein
(MBP, 1:100) was added and cultured at 4°C
overnight. After washed with PBS solution, the
secondary antibody with green fluorescent FITC
(BA1114 1:50, Boster Bio Tech, Wuhan, China)
was added in the avoidance of light, the section
was then cultured at 37°C 2 h, washed with PBS
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72°C 10 s with 45 cycles and 72°C, 10 min. Two
blank controls were also used for and RT quality
control and PCR amplification. The relative ex-
pressions of MBP, MAG, OMgp, GD-1α and
NgRs were calculated according to the difference
of Ct value between targeted gene and reference
gene.

Western Blot Analysis
The protein expressions of MBP, OMgp,

MAG, NgRs and GD-1α were measured. The
brain tissue was grinded to powder immediately
after taken from -80°C refrigerator; lysed by lysis
buffer containing protease and phosphatase in-
hibitors, then centrifuged at 12000 rpm at 4°C
for 15 min; The supernatant was taken and the
protein content was quantified; The total protein
in each sample was extracted. The extracted total
protein was separated by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) (100 V, 15 min;
constant voltage: 120 V, 90 min). The separated
proteins were transferred to polyvinylidene fluo-
ride (PVDF) membrane and the diluted primary
antibody (1:400) was added and cultured at 4°C
for 2 h; the fluorescence labeled secondary anti-
body (1:5000) was added. After incubation and
washing, the membrane was imaged by far in-
frared imaging system.

Statistical Analysis 
SPSS17.0 statistical software (IBM, Chicago,

IL, USA) was used for statistical analysis. Calcu-
lated experimental data was expressed as mean ±
SD and χ2 test was used for baseline clinical data
analysis; t-test was used for comparison of mean
value of independent sample; p < 0.05 was con-
sidered as statistical significant.

and sealed by anti-fluorescence attenuation
agent, and observed under fluorescence mi-
croscopy. 5 random perspectives at high magnifi-
cation were selected to measure integral optical
density (IOD) value; the average measured value
was used for IOD value of per sample.

Luxol Fast Blue (LFB) Staining: 
The slice with a thickness about 0.5 mm was

processed by ethanol/ chloroform solution (1: 1)
for 5 min and 95% ethanol solution for 5 min.
Then stained by 0.1% LFB (L0294, Sigma, St,
Louis, MO, USA) at 56 overnight. The slices
were processed with following sequences: 95%
ethanol for 5 min, 70% ethanol for 3 min, double
distilled water for 3 min, differentiated by 0.05%
lithium carbonate solution 2-3 sec, 70% ethanol
for 30 s, then washed with double distilled water.
The slices were then stained by cresol purple for
4 min, washed and processed by conventional
xylene, sealed by neutral balsam. The demyelina-
tion degrees were classified as: 0 points, no de-
myelination; 1 points: mild demyelination; 2
points: moderate demyelination; 3 points: severe
demyelination.

Real-Time Fluorescence Quantitative PCR
(RT-PCR)
The expressions of MBP, oligodendrocytes

myelin glycoprotein (OMgp), myelin-associated
glycoprotein (MAG), and two myelin-related re-
ceptors-Nogo receptors (NgRs) and GD-1α-were
measured by RT-PCR method according to
SYBR Master Mixture kit’s manual. The primer
synthesis sequences were listed in Table I; β-
actin served as reference. The amplification con-
ditions were: 95°C 30 s, 95°C 10 s, 58°C 15 s,

Gene Sequence Length Series number

MBP F 5’-AATTCGCGTGTGGCAGAGG -3’ 180 bp NM_001025081
R 5’-TTGGAAACGAGGTTGTTCATAGAGG-3’

MAG F 5’-GAATGCCTATGGCCAGGACAA-3’ 191 bp NM_001199216
R 5’-CGTAGATGACCGTGGACAGGA-3’

OMgp F 5’-CCAATCTGAGGACCCTGGACA-3’ 80 bp NM_002544
R 5’-CATGTTCCACAGAGACCGAGGTAA-3’

GD-1α F 5’-GGCTCAGCACTGGCTGGTTTA-3’ 194 bp NM_030965
R 5’-ATGACTGCCCTTGCGTCCTC-3’

NgRs F 5’-AGCCCAAGGTGACGACAAG-3’ 182 bp NM_023004
R 5’-TTCGGGCCAGCACATTC -3’

β-actin F 5’-TGGCACCCAGCACAATGAA-3’ 186 bp NM_001101
R 5’-CTAAGTCATAGTCCGCCTAGAAGCA-3’

Table I. The primer synthesis sequences.
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Results

Demographic Data
As showed in Table II, the average age of IE

patients was 17.1 year with a range of 6-35 year;
Their onset age ranged from 0.5 to 12 years with
an average of 5.3 years. Their epilepsy duration
ranged from 2 to 20 years. Their seizure types in-
clude systemic onset in 17 cases; partial seizures
(PS) in 9 cases, partial secondary comprehensive
attack (PS+ 2G) in 4 cases. Of the 30 cases, 18
cases were diagnosed as focal cortical dysplasia;
7 cases confirmed with tuberous sclerosis; 2 cas-

es confirmed with pachygyria and 3 cases with-
out clear etiology. The average age of controls
was 14.7 years (7~31 years). There was no statis-
tical difference between the 2 groups in their de-
mographic data (Table III).

OL Differentiation Changings
The oligodendrocytes progenitor cells (OPC)

was double labeled by A2B5+/ PDGFRα+ im-
munofluorescence, results showed the OPC in-
creased in the experimental group (Figure 1D)
when compared with controls (Figure 1A) (p <

Case number Onset age Gender Onset type Surgical excision site

E1 14.5 Male ES T, hippocampus
E2 12 Female PS P, O
E3 13 Male ES F
E4 26 Male ES F, T, amygdala,
E5 8 Male PS T, Rolandic
E6 6 Male PS+2G P, F, T, amygdala
E7 8 Male ES P, T, hippocampus, amygdala, O
E8 14 Male ES P, O, F
E9 15 Male PS F
E10 27 Female ES P, T, O
E11 35 Male PS+2G F, T, amygdala,
E12 31 Male PS F
E13 12 Male ES F, T, Rolandic
E14 11.5 Female ES F
E15 6 Male ES P, F, T, Rolandic
E16 15 Male PS F, T, P, O
E17 24 Female PS F, O
E18 20 Male ES P, T, hippocampus
E19 11 Male ES T
E20 15 Male PS T, amygdala
E21 17 Male ES P, T, F
E22 14.5 Female ES P, hippocampus
E23 26 Male PS+2G F, O, T
E24 32 Male ES P, T, amygdala
E25 15 Female PS P, T, O, hippocampus
E26 23 Male ES T
E27 10.5 Male ES F, T, amygdala,
E28 13 Female ES P, T, O, amygdala
E29 21 Male PS F
E30 17 Male PS+2G P, F, T, amygdal
C1 13 Male – T
C2 10 Male – T
C3 21 Female – F
C4 32 Male – T
C5 12 Female – F
C6 15 Male – T
C7 7 Male – F
C8 22 Male – T
C9 8 Female – O
C10 7 Male – P

Table II. The demographic data of 2 groups.

Abbreviations: C, Control cases; E, epilepsy patients; ES, epileptic spasms; F, frontal lobe; O, occipital lobe; P, parietal lobe;
PS, partial seizure; PS + 2G, partial seizure with secondary generalization; T, temporal lobe.
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0.05). Former OL was labeled by O4+/
PDGFRα+, the expression of O4/PDGFRα in
controls (Figure 2B) was significantly lower (p <
0.01) than experimental group (Figure 1E). We al-
so observed the immature OL (labeled by
O4+/MBP-) in IE patients (Figure 1F and 1I) de-
creased compared with controls (Figure 1C), but
has no statistical difference. The MBP is the mark

of mature OL, the green fluorescent staining of
MBP in controls was dark, and the positive stain-
ing was uniform dense (Figure 1G). On the other
hand, the MBP green fluorescent staining was
light and positive staining was sparse and uneven
in the experimental group (Figure 1H). The IOD
value in the experimental group was significantly
lower than controls (p < 0.01, Figure 1J).

Figure 1. Immunofluorescent staining of OL differentiation at different stages (Bar: 0.1 mm): A, C, E, G, Control group; B,
D, F, H, IE group; A, B, OPC; C, D, pre-OL; E, F, Immature OL; G, H, mature OL; I, Number of OPCs, pre-OL and imma-
ture OL in two groups; J, IOD of MBP fluorescence in 2 groups; *p < 0.05, **p < 0.01, #p > 0.05.

Gender (%) Tested site (%)

Age Temporal Frontal Occipital Parietal
Group N (yr) Male Female lobe lobe lobe lobe

Experimental 30 17.1 ± 7.77* 23 (77%) 7 (23%)* 16 (53%) 8 (27%) 4 (13%) 2 (7%)*
Control 10 14.7 ± 8.08 7 (70%) 3 (30%) 5 (50%) 3 (30%) 1 (10%) 1 (10%)

Table III. Comparison on the clinical data.

*p < 0.05, compared with control.
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LFB Sstaining
The myelin fibers of brain white matter

arranged uniformly with dark staining in controls
(Figure 2A). The myelin fibers in the experimen-
tal group were loose with patchy depigmentation,
the stained color was light and part of the myelin
fibers was surrounded by vacuole (Figure 2B).
The demyelination score in the experimental
group was significantly lower than controls (p <
0.01, Figure 2C).

RT-PCR and Western Blot
The Western blot analysis showed the expres-

sion of MBP, OMgp, MAG, NgRs and GD-1α
were decreased in experimental group compared
with controls (Figure 3A-D), which were incon-
sistent with RT-PCR results (Figure 3E).

Discussion

Abnormal development and demyelination of
OL are closely related with many central nervous
system (CNS) diseases such as periventricular
leukomalacia17, multiple sclerosis18,19, traumatic
spinal cord injury and Alzheimer’s disease20. The
study has shown damaged myelin could be ob-
served in hippocampus and cerebral cortex of  ex-
perimental rat models of epilepsy after repeated
seizures6. In this paper, the LFB myelin staining
showed varying degrees of demyelination oc-
curred in epileptic foci of patients with IE. OL is
the only component glial cell of myelin in the
CNS. Originated from the embryonic neural tube,
the progenitor cells of OL experienced OPC, pre-
OL, immature OL stage then become mature OL,
they all could be labeled by specific markers21.
Mature differentiation of OL is the key for the for-
mation of central myelin; abnormal differentiated
OL seriously affect myelin’s function. OPC has
high sensitivity in different degrees of nerve in-

jury, the number of OPC reactively increased after
cerebral ischemia, brain injury and inflammation;
the increasing of OPC contribute to tissue repair
and regeneration of nerve22,23. The transplantation
of OPC to spinal cord injured rats can promote the
formation of myelin sheath and improve the func-
tional recovery of injured spine cord24,25. Anyway,
some of the new OPC could  become apoptosis,
others remain in pre-mature state, with a loss of
nerve cell axons and dendrites. OPC loss the abili-
ty in continue differentiate, even if there is a sup-
plement to OPC, it still has differentiation prob-
lems. This suggests that brain damage could lead
to abnormal differentiation of OL26. As reported in
the above observation, we observed abnormally
differentiated OL in brain tissue of IE patients.
The number of OPC was higher than normal con-
trols and the OPC did not develop into mature OL.
This might because the brain injury caused by
epileptic seizure. The increase of OPC may be a
reactive response, and does not have the differenti-
ation ability.
In animal models of epilepsy, Luo et al27 also

observed the same phenomenon. They pointed
out that the abnormal expressions of OL tran-
scription factor Olig1 and Olig2 caused dysdif-
ferentiation of OL, and eventually lead myelin
damage. Pre-OL is able to proliferate. When the
proliferation ceased, OL turn into terminal differ-
entiation status and its morphology became more
complex28. The immature OLs differentiate into
mature OLs and ultimately form the myelin.
Through the regulating of nutritional and signal-
ing molecules, myelin could regulate the matura-
tion, survival and regeneration of neuraxon27,29.
The increased pre-OL, reduced immature and
mature OL in epileptic foci of IE patients,
demonstrate that the non-functional OL increased
in epileptic foci, which inhibit saltatory conduc-
tion of axon, reduce conduction velocity, and
made the axon loss of nutritional support, leading

Figure 2. Demyelination in the two groups. A, Controls; B, IE group; C, Demyelination score of 2 groups; *p < 0.05.
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to axonal injury. The dysmaturation disorder of
OL in epileptic foci of patients might be one of
the reasons of OL demyelination, and the abnor-
mal differentiation of OL also has a certain corre-
lation with the epileptic seizure.
The expressions of myelin-related protein such

as OMgp, MBP and MAG showed the expres-
sions of this protein decreased in demyelination
induced epileptic foci. MBP is one of the major
protein constitute myelin30, and accounts for
about 1/3 of the total myelin protein31. Its role is
to compact myelin. Our research showed MBP
expression was significantly downregulated in
epileptic foci of IE patients. This result demon-
strated that myelin is lost in the epileptic foci.
OMgp and MAG are myelin-associated inhibito-
ry factors. They play important roles in maintain-
ing normal steady state of myelination in nerve
fibers, they made the point to point nerve im-
pulse conducting stable and fast, and inhibit the
overgrowth of axon32. The decreased expression
of OMgp and MAG might cause by slow nerve
conduction velocity, and the affected normal re-
pairing ability after nerve injury33. MAG plays its

neuroprotective role through binding NgRs on
neural axis cable surface and GD-1α/GD-1β in
gangliosides. 
The death of OL destroyed the integrity of

myelin, which also affected the insulation func-
tion of myelin significantly, and indirectly affect
the direction and speed of the transmission of
nerve impulses. Then make some of the normal
conduction becomes “disorder”, destruct the
brain at the whole or destruct the local electric
balance, cause or participate in the epileptic dis-
charge process. MAG, NgRs, GD-1α are in-
volved in the process of maintaining normal ax-
onal function34,35. Therefore, damage of myelin
lead to downregulation of OMgp, MAG and re-
lated receptors, and lead to abnormal axonal con-
duction, and this might be another mechanism of
occurrence and development of epilepsy.

Conclusions

OL differentiation disorder leads to loss of
functional OL; decreased mature OL causes de-

Figure 3. MBP, OMgp, MAG, NgRs and GD-1α expressions in brain tissues of 2 groups. A, Protein expression levels of
OMgp, MAG and NgRs; B, Protein expression level of GD1α; C, Protein expression level of MBP; D, Comparisons MBP,
OMgp, MAG, NgRs and GD-1α expressions in two groups; E, Comparison of mRNA expressions of MBP, OMgp, MAG,
NgRs and GD-1α in 2 groups; *p < 0.05, **p < 0.01.



myelination and decreasing of myelin-associated
protein affects the normal function of nerve cells.
Change nerve conduction loop may exacerbate or
facilitate the occurrence of epilepsy. The recurrent
seizures prone to induce convulsion brain injury;
the untimely repairing and controlling convulsion
brain injury further aggravate seizures, so abnor-
mal differentiation of OL, demyelination and
epilepsy seizures may be reciprocal causation.
Traditional clinical concept indicated hormone
therapy may induce or aggravate seizures. Howev-
er, hormones are effective in the clinical treatment
of demyelinating disease, the conflict between the
2 views is worth further discussion and verifica-
tion. Our findings may provide useful information
for the clinical treatment of epilepsy.
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