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ARTICLE INFO abstract

Objectives: Considering the known potency of PEDF as a neuron protectant, we de-
signed this study to quantitatively examine the alternation of PEDF level in the CSF of 
drug-effective epilepsy patients compared with drug-refractory epilepsy patients and 
with healthy controls. Meanwhile, the serum concentrations of PEDF were detected.

Design and Methods: A total of 52 patients (including 29 drug-effective and 23 
drug-refractory epilepsy patients) and 20 healthy controls participated in the study. The 
cerebrospinal fluid (CSF) and serum concentrations of PEDF were detected in drug-ef-
fective and drug-refractory epilepsy and control groups by sandwich enzyme-linked im-
munosorbent assays (ELISA). 

Results: CSF and serum PEDF were increased in drug-effective epilepsy but were 
dramatically decreased in drug-refractory epilepsy compared with controls. 

Conclusion: For the first time, we suggest that the neurotrophic/neuroprotective 
activities of PEDF might contribute to the more favorable outcome in drug-effective ep-
ilepsy patients.

Keywords: Pigment Epithelium Derived Factor; Epilepsy; Cerebrospinal Fluid; Serum; 
Enzyme Linked Immunosorbent Assays; Apoptosis; Glutamic Acid

Introduction
Epilepsy is a chronic neurological condition that affects 1% of 

people worldwide and is characterized by unprovoked, recurrent 
seizures. And there is a link between epilepsy and brain damage. 
Apoptosis and glutamate neurotoxicity have been suggested to be 
involved in seizure-induced brain damage. It has been determined 
that apoptosis is involved in the death of neurons after status 
epilepticus [1] and after prolonged seizures in animal models [2-4]. 
Beside the modulation of caspases and Bcl-2 molecular pathways 
of apoptosis are now recognized in human temporal lobe epilepsy 
(TLE) [5]. On the other hand, in chronic epilepsy models in rodents, 
there is a consistent marked increase in glutamate release during 
seizures [6]. In evoked seizures during surgery [7] and spontaneous  

 
seizures in ambulatory patients, there is a marked, bilateral 
transient ictal increase in extracellular hippocampal glutamate 
levels [8,9]. It has been proved that, in epilepsy, glutamate is toxic to 
neurons [10] and it plays a major role in the initiation and spread of 
seizure activity in which the excitatory glutamatergic system plays 
an important role [11]. Pigment epithelium-derived factor (PEDF), 
a 50-kDa glycoprotein, was first purified from the conditioned 
medium of cultured primary human fetal retinal pigment epithelial 
cells in the late 1980s [12]. 

PEDF belongs to the noninhibitor serpin family group [13]. It 
is widely expressed in human tissues, including the adult brain, 
spinal cord, eye, heart [14-16]. As a multifunctional protein, it 
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has neurotrophic, neuroprotective and antiangiogenic properties 
[17,18]. In the central nervous system, PEDF is a potential 
neuroprotective and neurotrophic factor as evidenced by its ability 
to protect against neuronal apoptosis and to protect neurons against 
glutamate neurotoxic effects during the immature period and during 
late postnatal life. It was found that PEDF have neurotrophic effects 
on primary cultures of rat striata mesencephalic (dopaminergic) 
neurons [19]. In addition to striatal mesencephalic (dopaminergic) 
neurons, PEDF exhibits neurotrophic and neuroprotective 
activities in primary cultures of mature and immature cerebellar 
granule neurons, protecting them from glutamate-mediated 
degeneration and from naturally occurring apoptosis [20,21]. It 
also protects mature and embryonic motor neurons from apoptotic 
and chronic glutamate-mediated degeneration [14,22]. Moreover, 
PEDF can protect developing primary hippocampal neurons 
against glutamate neurotoxicity [23]. It has been reported that 
PEDF concentration is significantly elevated in the cerebrospinal 
fluid (CSF) of amyotrophic lateral sclerosis (ALS) patients and 
this may be an autoprotective reaction [15]. We found an altered 
PEDF level in the CSF of patients with temporal lobe epilepsy 
(TLE) when compared with health controls [24]. Considering the 
known potency of PEDF as a neuron protectant, we designed this 
study to quantitatively examine whether concentrations of PEDF 
are decreased or increased in the CSF of drug-effective epilepsy 
patients compared with drug-refractory epilepsy patients and with 
healthy controls. Meanwhile, the serum concentrations of PEDF 
were detected.

Material and Methods

Subjects

A total of 52 patients (28 male and 24 female) aged 11 to 
60 years old (mean ± S.D., 29.73 ±12.87 years), were recruited 
from the Epilepsy Clinic, Department of Neurology of the 
First Affiliated Hospital of Chongqing Medical University. All 
patients had a comprehensive clinical examination (including a 
medical history, neurological and psychiatric examination and 
electroencephalogram). Cranial magnetic resonance imaging and/
or computed tomography scans found no progressive lesions in 
the central nervous system. All patients were diagnosed as having 
idiopathic epilepsy and classified according to the criteria proposed 
by the International League against Epilepsy in 2001 [25]. According 
to therapeutic efficacy, these patients were divided into two groups: 
drug-effective (n=29) and drug-refractory (n=23) epilepsy groups. 
The control group consisted of 20 healthy subjects (11 male and 9 

female) aged 14 to 56 years old (mean ± S.D., 36.15±15.82 years) 
without evidence of neurological or psychiatric disorders or any 
past history of seizures or exposure to anti-epileptic drugs (AEDs). 
The ethics committee of the First Affiliated Hospital of Chongqing 
Medical University approved the study. Informed consent was 
obtained from all subjects.

Sample Collection and Storage

For each subject, 2 ml of CSF and 5 ml of venous blood samples 
were collected. The biochemical profile and total protein of the CSF 
and serum samples were analyzed by the laboratory department 
of our hospital. The remaining parts of the CSF samples were 
centrifuged at 2000 g for 10 minutes at 4°C and stored at -80°C 
for further analysis. The blood samples were centrifuged at 3000 g 
for 15 minutes to obtain the serum, which was then aliquoted and 
stored at -80°C for further analysis. 

PEDF Measurement

The concentrations of CSF PEDF and serum PEDF were 
determined using a sandwich enzyme-linked immunosorbent 
assay with rat antihuman PEDF ELISA Kit (USCN Life Science 
& Technology Company, Wuhan, China). Operation steps were 
performed following the manufacturer’s protocol. Dilution of the 
serum and CSF were 1:10 and 1:5, respectively. Optical densities 
were determined using a Multiskan Spectrum Microplate 
Spectraphotometer microplate reader set to 450 nm (Thermo 
Fisher Scientific, USA).

Statistical Analysis 

Statistical analysis was performed by SPSS statistics software, 
version 11.5. Descriptive data were computed using means ± stan-
dard deviation. Differences among drug-effective and drug-refrac-
tory epilepsy groups and control group were assessed by a one-way 
analysis of variance (ANOVA) and a Dunnett t-test. The indepen-
dent sample t-test was used to compare differences between every 
two groups. Statistical significance was defined as p<0.05.

Results

Demographic Characteristics of the Subjects

(Table 1) shows the clinical data of each subject (Table 2) sum-
marizes the demographic characteristics of the subjects who par-
ticipated in the study. We observed no significant differences in sex 
and age among drug-effective, drug-refractory and control groups. 
However, the duration of the seizure disorder in the drug-refracto-
ry group was significantly longer than that in drug-effective group.
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Table 1: Clinical material of the patients in the study.

Patients no Age (year) Gender Age at Onset (year) Illness Duration of Seizures 
(year) AEDs prescribed Etiological Factor

Drug-Effective Epilepsy Group

1 13 M 10 3 VPA unknown

2 13 F 12 1 PB unknown

3 56 M 55 1.5 CBZ unknown

4 54 M 53 1.25 CBZ unknown

5 33 M 29 4 VPA unknown

6 43 M 42 1 TPM unknown

7 17 M 16 1.33 LEV unknown

8 60 M 58 2 VPA unknown

9 48 F 45 2.83 TPM unknown

10 24 F 23 1.25 VPA unknown

11 23 F 19 4.17 VPA,CBZ unknown

12 30 F 29 1 LTG unknown

13 45 M 43 1.67 VPA unknown

14 17 M 15 2.08 VPA unknown

15 24 F 21 3 TPM unknown

16 23 F 21 1.83 TPM unknown

17 31 F 28 3 VPA unknown

18 42 M 40 2 LEV unknown

19 18 F 16 2 VPA unknown

20 23 F 20 2.67 VPA unknown

21 23 F 20 3 TPM unknown

22 28 F 26 2.25 VPA unknown

23 42 M 40 2 CBZ unknown

24 22 F 20 1.75 TPM unknown

25 46 M 45 1 CBZ unknown

26 20 M 18 2 VPA unknown

27 35 M 32 2.58 VPA unknown

28 37 F 35 1.92 CBZ unknown

29 16 M 14 2 VPA unknown

Drug-Refractory Epilepsy Group

30 41 M 1 40 CBZ,PB,VPA,TPM unknown

31 11 M 2 9 VPA,TPM,LTG unknown

32 38 M 30 8 CBZ, VPA,TPM unknown

33 39 M 9 30 CBZ, VPA,TPM unknown

34 24 F 14 10 CBZ,VPA,TPM,LTG Unknown

35 22 F 8 14 CBZ,VPA,TPM,LEV unknown

36 28 M 8 20 VPA,TPM,LEV unknown

37 13 F 9 4.25 CBZ, VPA,TPM unknown

38 41 M 17 24 VPA,TPM,LEV unknown

39 13 F 4 9 VPA,TPM,LTG unknown

40 33 M 25 8 CBZ ,PB,VPA,TPM Unknown

41 51 F 30 21 CBZ,VPA,TPM unknown

42 11 M 2 9 CBZ,VPA,TPM,LEV unknown

43 38 M 20 18 CBZ,VPA,TPM unknown
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44 26 F 1 25 CBZ, VPA,TPM,PB unknown

45 37 F 7 30 VPA,TPM,PB,LEV unknown

46 17 M 9 8 CBZ,VPA,TPM,PB unknown

47 20 M 2 18 VPA,TPM,PB,LEV unknown

48 32 F 28 4 CBZ,VPA,TPM,PB unknown

49 45 M 39 5.5 CBZ,VPA,TPM,PB unknown

50 28 M 12 16 VPA, LTG,TPM,LEV unknown

51 15 F 0 15 CBZ,VPA,TPM,LEV unknown

52 17 F 2 15 CBZ,VPA,TPM,PB unknown

Control Group

53 36 M 0 0 none none

54 14 F 0 0 none none

55 52 M 0 0 none none

56 56 M 0 0 none none

57 49 M 0 0 none none

58 45 M 0 0 none none

59 18 F 0 0 none none

60 56 M 0 0 none none

61 24 F 0 0 none none

62 55 F 0 0 none none

63 30 M 0 0 none none

64 40 F 0 0 none none

65 20 M 0 0 none none

66 14 F 0 0 none none

67 36 F 0 0 none none

68 56 M 0 0 none none

69 35 F 0 0 none none

70 52 M 0 0 none none

71 18 F 0 0 none none

72 17 M 0 0 none none

Table 2: Clinical characteristics of the subjects.

Drug Effective EP (n=29) Drug Refractory EP 
(n=23) Control (n=20) P value

Age (yr) 31.24±13.56 27.83±11.98 36.15±15.82 >0.05

Gender

Female 14 10 9 >0.05

Male 15 13 11

Illness Duration of Seizures 2.11±0.84 (year) 15.68±9.37(year) NA <0.05

The concentration of PEDF in CSF and Serum 

(Table 3) summarizes the concentrations of PEDF and total 
protein in CSF and serum in each group. ANOVA showed that 
the mean concentrations of CSF-PEDF and serum-PEDF in drug-
effective epilepsy, drug-refractory epilepsy and control groups 
were significantly different among groups, whereas total CSF and 
serum protein levels were not significantly different among groups. 
A Dunnett t-test showed that the CSF-PEDF in drug-effective 

patients was significantly higher than that in the control group, 
whereas the CSF-PEDF in drug-refractory patients was significantly 
lower than that in control subjects (Table 4). CSF-PEDF in drug-
effective epilepsy patients was significantly higher than that in 
drug-refractory epilepsy patients. Serum- PEDF concentrations 
were significantly higher in drug-effective epilepsy patients than 
controls and drug-refractory patients, while the serum-PEDF has 
no significant difference between drug-refractory patients and 
controls (Figure 1).
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Table 3: The concentration of PEDF and total protein in CSF and serum in each group.

Drug Effective EP (n=29) Drug Refractory EP 
(n=23) Control (n=20) P value

CSF-PEDF (pg/ml) 181.90±55.44 56.83±11.93 111.15±9.32 <0.05

Serum- PEDF (pg/ml) 156.55±145.23 14.55±11.55 62.00±63.82 <0.05

CSF-total protein (g/l) 0.41±0.15 0.45±0.23 0.47±0.09 >0.05

Serum- total protein (g/l) 61.66±4.22 62.35±3.46 61.30±3.80 >0.05

Table 4: Dunnett t-test for drug-effective and drug-refractory EP groups compared with control group.

CSF-PEDF(pg/ml)

CSF-PEDF(pg/ml) Drug-effective EP (n=29) Drug-refractory EP (n=23)

Control(n=20) P<0.05 P<0.05

Serum-PEDF(pg/ml) Drug-effective EP (n=29) Drug-refractory EP (n=23)

Control(n=20) P<0.05 P>0.05

Figure 1: The concentration of PED in CSF nad serum in each group.

Discussion
Our purpose in this study was to determine whether CSF-PEDF 

and serum-PEDF are altered in epilepsy patients. Using a sandwich 
enzyme-linked immunosorbent assay (ELISA), we examined CSF-
PEDF and serum-PEDF in the drug-effective and drug-refractory 
epilepsy patients and control subjects. For the first time, we 
observed that the CSF-PEDF and serum-PEDF in the drug-effective 
epilepsy patients were significantly higher than those in control 
and drug-refractory patients. The CSF-PEDF in drug-refractory 
patients was lower than that in controls. It has been established 
that PEDF play neuroprotective and neurotrophic role in the central 
nervous system, not only during the immature period, but also in 
late postnatal life [15], as evidenced by its ability to protect against 
neuronal apoptosis and to protect neurons against glutamate 
neurotoxic effects or neurodegeneration [14, 20-23]. PEDF has been 
detected in CSF Kuncl et al. [14,15,26] found that CSF-PEDF were 
significantly elevated in ALS patients when compared with other 

severe denervating diseases or other neurodegenerative diseases 
and proposed that the surprisingly high CSF-PEDF may be an 
autoprotective reaction Yamagishi et al. [26,15] further suggested 
that CSF-PEDF may reflect cerebral PEDF turnover and provide 
a means for monitoring neuronal perturbation in the early stage 
of Alzheimer’s disease (AD) [26]. In the current study, PEDF was 
detected in the CSF of all subjects, as is consistent with previous 
studies. We found that the CSF-PEDF in drug-effective epilepsy 
patients was significantly higher than that in controls and drug-
refractory patients, and the CSF-PEDF in drug-refractory patients 
was significantly lower than that in controls. In addition, the illness 
duration of drug-effective epilepsy patients was significantly 
shorter than that of the drug-refractory epilepsy patients, which 
accordingly indicates early and advanced stages of the disease. 
Considering the potential neurotrophic and neuroprotective 
properties of PEDF, we propose that increased CSF-PEDF in drug-
effective epilepsy patients may reflect the increased neurotrophic/
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neuroprotective activities of PEDF in the early stage of disease, 
whereas decreased CSF-PEDF in drug-refractory epilepsy patients 
may reflect decreased neurotrophic/neuroprotective activities of 
PEDF. The results also reflect the cerebral turnover of PEDF in these 
two groups of patients. 

Like CSF-PEDF, the serum-PEDF in the drug-effective epilepsy 
patients was significantly higher than those in control and drug-
refractory patients. The serum-PEDF in drug-refractory patients 
was lower than that in controls, although there was no significant 
difference. A possible explanation is that serum PEDF may pass 
the blood brain barrier (BBB) after a seizure. Increasing evidence 
has indicated that the BBB plays an important role in epilepsy, 
and BBB leakage has been observed in human and experimental 
epilepsy [27,28]. The PEDF in serum might be transported through 
the BBB and reach the CSF, where it exhibits its neurotrophic/
neuroprotective activities. We suggest that the serum PEDF may 
reflect CSF PEDF.

Conclusion
In conclusion, this study showed that compared with normal 

controls, the CSF-PEDF and serum-PEDF were increased in drug-
effective epilepsy patients and the CSF-PEDF decreased in drug-
refractory epilepsy patients. We suggest that the neurotrophic/
neuroprotective activities of PEDF are increased in drug-effective 
epilepsy patients, while these activities are decreased in drug-
refractory epilepsy patients. At present, the mechanisms of altered 
CSF-PEDF and serum-PEDF concentrations in epilepsy patients are 
unknown. Further study is necessary to explore whether PEDF may 
be a useful neuroprotective therapeutic factor or a biomarker in 
the differentiation of drug-effective epilepsy from drug-refractory 
epilepsy.
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