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ABSTRACT. In this study, we examined the frequency of 
polymorphisms in the interleukin (IL) genes IL-1β-511 and IL-6-174 in 
patients with epilepsy as well as a control group in Kars, Turkey. A total 
of 100 patients diagnosed with epilepsy and 100 nonepileptic subjects as 
a control group were examined. Peripheral blood samples were acquired 
from patients and control subjects for DNA extraction. The target region 
was amplified using polymerase chain reaction and digested using the 
restriction enzymes SfaNI and AvaI. Restriction products were extracted 
from agarose gel electrophoresis and polymorphisms were analyzed 
using gel images. For IL-1β, the most common genotype among the 
epilepsy group was the CT genotype with a 62% frequency; the T 
allele was the most common allele with a frequency of 34%. Among 
the control group, however, the CT genotype showed a frequency of 
25% and the T allele had a 22% frequency. For IL-6-174, among the 
epilepsy group, the GG genotype prevalence was approximately 42% 
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and G allele prevalence was 46%. The GG genotype was approximately 
50% and the G allele was 53% in the control group. Thus, changes 
in the allele frequency of the T allele of IL-1β-174 may be associated 
with epilepsy. However, there was no significant difference for the G 
allele frequency of IL-6-511. A larger sample size should be examined 
to verify these relationships, which could help to improve the clinical 
diagnosis and treatment of epilepsy.

Key words: Epilepsy; Interleukin-1b gene; Interleukin-6 gene; 
Restriction fragment length polymorphism; Turkish population

INTRODUCTION

Epilepsy involves black-out events with somatic and psychic functions of neurons, 
and temporary and repetitive disorders in brain functions that occur together with paroxysmal 
motor, sensorial, and autonomic phenomena that are not provoked (Tekeli et al., 2012). Epi-
leptic seizure refers to temporary symptoms caused by abnormal or over-synchronous neuro-
nal activities. Although the same mechanism is not shared in all epileptic seizures, increased 
neural excitability and synchronism are common properties (Fisher et al., 2005). Although the 
prevalence of epilepsy is approximately 1% in the global population, active epilepsy preva-
lence has increased in many societies worldwide over the last 5 years (Fisher et al., 2005; 
Tekeli et al., 2012). Between 5 and 8 of 1000 people have epilepsy according to studies in the 
USA, China, Nigeria, Europe, and India (Bebek and Baykan, 2006; Wrona, 2006). Active epi-
lepsy prevalence was found to have an average incidence of 5 in 1000 individuals (range: 2-10 
in 1000), according to 8 studies conducted in Turkey between 1995 and 2010 (Banks, 2004; 
Bebek and Baykan, 2006). Etiological genetic factors play a role in idiopathic epilepsy, which 
is considered to account for 40% of epilepsy cases. Gene mutations may cause abnormal 
ionic channel disorders, resulting in abnormal network connections in patients with epilepsy 
(Banks, 2004; Ravizza and Vezzani, 2006). Various genetic studies have examined epilepto-
genesis and provided insight into the epilepsy pathophysiology. Correct diagnosis can be im-
plemented by searching for candidate genes involved in epilepsy pathophysiology. Complex 
relationships between epilepsy and the immune system were recently identified (Browne and 
Holmes, 2004; Kalueff et al., 2004). Immune system reactions play important roles in epileptic 
epileptogenesis (Banks, 2004). Abnormalities were also observed in cytokine expression and 
in the immune cells of patients with epilepsy. Cytokines that act as immune modulators and 
inflammation regulators have been implicated in various psychiatric and neurological events 
(Li et al., 2011). Polymorphisms in cytokine genes may result in febrile seizures in patients 
with epilepsy (Virta et al., 2002; Kanemoto et al., 2003; Dubé et al., 2005). In this study, we 
examined polymorphisms in the cytokine interleukin (IL) genes IL-1β and IL-6 in a Turkish 
population to determine the relationship between cytokine genes and epilepsy.

MATERIAL AND METHODS

Study population

A total of 100 patients with epilepsy who were patients at the Kars State Hospital Neu-
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rology Outpatient Clinic and 100 healthy volunteers were included in the study. All patients 
and controls visited the hospital between September 2012 and June 2013. All patients signed 
informed consent forms before beginning the study and the study was approved by the Ethics 
Committee of the hospital. Physical and neurological examinations and electroencephalog-
raphy (Nihon Kohden; Tokyo, Japan) were performed for patients and controls. If necessary, 
neuroimaging was performed. The diagnosis of epilepsy followed the clinical guidelines pro-
posed by the International League Against Epilepsy (ILAE). As defined by the ILAE (Engel, 
2006), epilepsy is a condition characterized by 2 or more unprovoked seizures without an 
acute underlying cause. Age, gender, family history, and birth information of the patients and 
control group were recorded. In addition, head trauma, febrile seizures, and consanguinity, 
which may be a risk factor for epilepsy, were recorded. The mean (± SD) age of the patient 
group was 33 ± 13.65 years and that of the control group was 29 ± 7.56 years (Table 1). To 
isolate DNA, 8 mL blood was collected into tubes containing ethylenediaminetetraacetic acid 
from each patient and control subject.

	                               Epilepsy patient groups				                                    Control groups

Age (years)	 Female (N)	 %	 Male (N)	 %	 Age	 Female (N)	 %	 Male (N)	 %

18-70	 47	 0.47	 53	 0.53	 19-61	 32	 0.32	 68	 0.68
33 ± 13.65	 47	 0.47	 53	 0.53	 29 ± 7.56	 32	 0.32	 68	 0.68

Table 1. Demographic characteristics of patients and controls.

Genotyping

Each 8-mL blood sample was subjected to DNA using the salting-out method 
(Rapley and Walker, 2008). Isolated DNA samples were stored at -80°C after measuring 
the concentration using a Nanodrop spectrophotometer (ND1000; Thermo Scientific; 
Waltham, MA, USA) The primers used to identify IL-1β-511 polymorphisms were F5'-
TGGCATTGATCTGGTTCATC-3' and R5'-GTTTAGGAATCTTCCCACTT-3', and the IL-
6-174-specifically designed primers were F5'-TGACTTCAGCTTTACTCTTTGT-3' and R5'-
CTGATTGGAAACCTTATTAAG-3' (Kira et al., 2010; Tiwari et al., 2012). Two polymerase 
chain reaction (PCR) mixture of 25 mL were prepared for IL-1β-511 and IL-6-174 to amplify 
the genes from the DNA samples. Reaction mixtures contained 10X Taq polymerase buffer, 0.3 
mM dNTP mixture, 10 pmol of each primer, 1-2 U Taq polymerase (Bioron; Ludwigshafen, 
Germany), and 50 ng genomic DNA. PCR conditions were as follows: initial denaturation 
for 3 min at 95°C, followed by 35 cycles at 94°C for 1 min, 53°C for 1 min, 74°C for 1 
min, and final extension at 72°C for 5 min (Kira et al., 2010; Tiwari et al.,  2012). PCR 
products were detected by agarose gel electrophoresis (90 V, 300 A for 1 h) on a 2.5% agarose 
gel containing ethidium bromide. The fluorescence intensity of each band was evaluated using 
an ultraviolet transilluminator (Kira et al., 2010) (Gel Logic Pro 2200; Ontario, Canada). PCR 
amplification bands were 300 and 240 bp in length for IL-6-174 PCR. IL-1β-511 amplification 
products were digested with 2 U AvaI and IL-6-174 was digested with 2 U SfaNI (New England 
Biolabs; Ipswich, MA, USA). IL-1β-511 polymorphism showed 2 DNA fragments of 190  
and 110 bp after restriction enzyme digestion. PCR products of IL-1β-511 were fragmented 
by AvaI enzyme digestion. A band pattern of 300 bp was considered to be the TT genotype 
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(homozygote), while those showing band pattern of 300 + 190 + 110 bp were the CT genotype 
(heterozygote), and those with 190 + 110 bp bands were considered to be the CC genotype 
(wild-type). PCR products of II-6-174 were fragmented with SfaNI enzyme digestion. A band 
pattern indicating a 70-bp band was considered to be GG (wild-type) genotype, while those 
showing a 30-bp band were considered to be GC genotype (heterozygote genotype), and those 
showing a 5-bp band were determined to be CC genotype (homozygote genotype) (Kira et al., 
2010; Mansoori et al., 2010; Tiwari et al., 2012).

Statistical analysis

The Graphpad Prism 6.02 software was used for statistical analysis (San Diego, CA, 
USA). To evaluate the data, in addition to the descriptive statistical methods (mean, standard de-
viation), the Student t-test was used to compare patient and control groups, while the Fisher exact 
test was used to compare qualitative data. P < 0.05 was considered to be statistically significant.

RESULTS

In this study, the characteristics of 100 patients who visited Kars State Hospital Neu-
rology Polyclinics between September 2012 and June 2013 and had been diagnosed with 
epilepsy and 100 healthy individuals without epilepsy or any neurological disorders were 
analyzed. The IL-1β-511 polymorphism distribution, determined using restriction enzyme di-
gestion, revealed that the most common genotype was CT (62%) with the T allele being more 
frequent (56%) in patients with epilepsy. In the control group, the most common genotype was 
CC (55%) with a T allele frequency of 22.4%. For IL-6-174, the GG genotype and G allele 
accounted for 42 and 46%, respectively, of the patient group. In the control group, the GG 
genotype and G allele frequency was 50 and 53%, respectively.

Restriction fragment length polymorphism (RFLP) analysis results of the IL-1β-511 
gene with AvaI

The results of the genotype distribution of IL-1β-511, based on AvaI enzyme diges-
tion, were evaluated with respect to allele frequency. Statistically significant differences in 
allele and genotype frequency were observed between the patient group (N = 100) and control 
group (N = 100).  The T allele, which is thought to play a role in epileptogenesis, was observed 
at a frequency of 56% in the patient group and 22% in the control group (Table 2). The CT 
genotype was frequently observed in patients with a family history of epilepsy and the CC 
genotype was frequently observed in the control group. While the C allele was frequently ob-
served in healthy individuals, the T allele was most frequently observed in individuals with a 
family history of epilepsy. The CT genotype was most frequently observed in both the patient 
group with febrile seizures and in healthy individuals; however, the patient group showed a 
higher TT genotype and lower CC genotype compared to controls. While the C allele was most 
frequently observed in the control group, the T allele was most frequently observed in patients 
with febrile seizure. The CC genotype was most frequently observed in the control group and 
in the patient group with head trauma. The C allele was more frequently observed than the T 
allele in the patient group with head trauma and in the control group. There was a statistically 
significant difference in allele frequency between the control group and patients who had a 
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difficult birth. While the C allele frequency was high in the control group, the T allele fre-
quency was higher in the group who had experienced a difficult birth. Different aspects of the 
IL-1β-511 region and genotypic and allellic analysis results are shown in Table 3.

Genotypes		  Epilepsy patient genotype and allele frequencies			  Control genotype and allele frequencies

	 CC	 %	 CT	 %	 TT	 %	 CC	 %	 CT	 %	 TT	 %	 P

EPFH	 2	   8.00	 17	 68.00	 6	 24.00	 65	 65.00	 25	 25.00	 10	 10.00	 0.0001
Allele	 0.42	 			   0.58	 	 0.78	 			   0.22	 	
EPFS 	 3	 10.00	 20	 66.67	 7	 23.33	 65	 65.00	 25	 25.00	 10	 10.00	 0.0001
Allele	 0.43	 			   0.57	 	 0.78	 			   0.22	 	
EPHT	 8	 50.00	   5	 31.25	 3	 18.75	 65	 65.00	 25	 25.00	 10	 10.00	 0.0001
Allele	 0.66	 			   0.34	 	 0.78	 			   0.22	 	
EPDB	 1	   8.33	   6	 50.00	 5	 41.67	 65	 65.00	 25	 25.00	 10	 10.00	 0.0001
Allele	 0.33	 			   0.67	 	 0.78	 			   0.22

EPFH = epilepsy patients with family history; EPFS = epilepsy patients with febrile seizure; EPHT = epilepsy 
patients with head trauma; EPDB = epilepsy patients with difficult birth.

Table 3. Clinical characteristic of IL-1β-511 genotype and allele frequencies in patients with epilepsy and controls.

RFLP analysis results of the IL-6-174 gene with SfaNI

Genotype distributions and allele frequencies were examined after RFLP analysis in 
the IL-6-174 polymorphic region using SfaNI enzyme. No statistically significant differences 
were obtained between the epilepsy group (N = 100) and the control group (N = 100). No 
statistically significant difference was observed in the frequency of the 3 genotypes (GG/GC/
CC) when epilepsy patients and the healthy control group were compared. The G allele, which 
is thought to play a role in epileptogenesis, was observed in 46% of patients and in 53% of 
controls. There was no statistically significant difference between genotype frequencies in 
male and female subjects in the patient group (Table 4). The GG genotype was most frequently 
observed in control subjects and in patients with a family history of epilepsy. The G allele 
was most frequently observed in healthy subjects and in individuals with a family history of 
epilepsy. While the GC genotype frequency was decreased in patients, the CC genotype was 
increased. Allele frequency of G allele was determined to be higher in subjects with febrile 
seizure than the control group. The GC genotype was not observed in the group with head 
trauma. GG was the most frequently observed genotype for both the head trauma and control 
groups. The G allele frequency was most common in patients with head trauma and in the 
control group. The GC genotype was not observed in patients with a difficult birth. While the 
GG and CC genotype distribution were similar in both groups, the GG genotype distribution 
was higher in the patient group with difficult birth. The G allele frequency in the patient group 
with difficult birth was higher than that in the control group (Table 5).

Genotypes	                Epilepsy patient genotype and allele frequencies			  Control genotype and allele frequencies

	 CC	 %	 CT	 %	 TT	 %	 CC	 %	 CT	 %	 TT	 %	 P

Men	   9	 16.98	 31	 58.49	 13	 24.53	 47	 69.12	 15	 22.06	   6	     8.82	 0.453
Women	   4	   8.51	 31	 65.96	 12	 25.53	 18	 56.26	 10	 31.26	   4	 12.5	 0.447
Total	 13	 13.00	 62	 62.00	 25	 25.00	 65	 65.00	 25	 25.00	 10	   10.00	   0.0001
Allele	 0.66	 			   0.34	 	 0.78	 			   0.22

Table 2. IL-1β-511 genotype and allele frequencies in patients with epilepsy and controls.

In epilepsy group, N = 53 men and N = 47 women. In control group, N = 68 men and N = 32 women.
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DISCUSSION

Genomic studies have been increasingly used to examine epilepsy patients, reveal-
ing a complex relationship between neural system and the immune system (Cavalleri et al., 
2005; Ravizza et al., 2008; Bauer et al., 2009; Mansoori et al., 2010). Polymorphic changes 
in cytokine genes could contribute to the development of epileptic seizures, which involves 
interactions between various factors. These changes may vary in different geographic regions 
and populations. As this condition shows relatively high heritability, genetic changes are likely 
involved (Jin et al., 2003; Ozkara et al., 2006; Alapirtti et al., 2009). Understanding the etiol-
ogy of epilepsy would improve the ability to clinically treat epileptic events from a genomic 
perspective and improve treatment methods. In this study, the genetic aspects of epilepsy, in 
particular, its relationship with cytokine genetic polymorphisms, were examined by genomic 
methods. Stratified by gender, 47% of subjects in the patient group were women and 53% were 
men; in the control group, 32% were women and 68% were men. Previous studies report con-
flicting results regarding whether epilepsy is more common in men or women (Meisel et al., 
2005; Brietzke et al., 2009). In this study, there was no statistically significant difference in the 
ratio of women to men in the patient group, but gender may nonetheless play a role in epilep-
togenesis. The cytokine genes (IL-1β and IL-6) examined in this study are pro-inflammatory 
cytokines involved in epilepsy and febrile seizures (Peltola et al., 2002; Haspolat et al., 2005). 

In this study, we found that the T allele affects epileptogenesis, while the G allele does not. In 
our study, 24% of the patient group had a family history of epilepsy, 23.3% had febrile seizure, 
18.7% had head trauma, and 12% had a difficult birth. The T allele was observed in 58% of 
patients with a family history, 57% of patients with febrile seizure, 41.6% of patients with 
head trauma, and 67% of patients who had a difficult birth (Serdaroglu et al., 2009; Balcerzyk 

Genotypes		 Epilepsy patient genotype and allele frequencies			  Control genotype and allele frequencies

	 GG	 %	 GC	 %	 CC	 %	 GG	 %	 GC	 %	 CC	 %	 P

EPFH	 28	 56.00	 2	 4.00	 20	 40.00	 50	 50.00	 5	 5.00	 45	 45.00	 0.172
Allele	 0.58	 			   0.42	 	 0.53	 			   0.47	 	
EPFS 	 13	 54.17	 1	 4.17	 10	 41.66	 50	 50.00	 5	 5.00	 45	 45.00	 0.002
Allele	 0.56	 			   0.44	 	 0.53	 			   0.47	 	
EPHT	 16	 59.26	 0	 0	 11	 40.74	 50	 50.00	 5	 5.00	 45	 45.00	   0.0001
Allele	 0.59	 			   0.41	 	 0.53	 			   0.47	 	
EPDB	 11	 78.57	 0	 0	 3	 21.43	 50	 50.00	 5	 5.00	 45	 45	   0.0001
Allele	 0.78	 			   0.22	 	 0.53	 			   0.47

EPFH = epilepsy patients with family history; EPFS = epilepsy patients with febrile seizure; EPHT = epilepsy 
patients with head trauma; EPDB = epilepsy patients with difficult birth.

Table 5. Clinical characteristics of IL-6-174 genotype and allele frequencies in epilepsy patients and controls.

Genotypes	                  Epilepsy patient genotype and allele frequencies			  Control genotype and allele frequencies

	 GG	 %	 GC	 %	 CC	 %	 GG	 %	 GC	 %	 CC	 %	 P

Men	 19	 35.85	 5	 9.43	 29	 54.72	 31	 45.59	 3	 4.41	 34	 50.00	 0.405
Women	 23	 48.90	 3	 6.40	 21	 44.70	 19	 59.37	 2	 6.25	 11	 34.38	 0.340
Total	 42	 42.00	 8	 8.00	 50	 50.00	 50	 50.00	 5	 5.00	 45	 45.00	 0.438
Allele	 0.46	 			   0.54	 	 0.53	 			   0.47

Table 4. IL-6-174 genotype and allele frequencies in patients with epilepsy and controls.

In epilepsy group, N = 53 men and N = 47 women. In control group, N = 68 men and 32 women.
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et al., 2012). In our study, when IL-1β-511 polymorphisms were examined in febrile seizure 
in epilepsy patients, the T allele frequency was 57% higher in patients than in controls. Kira 
et al. (2010) conducted a study in Japan and showed similar results. In addition, Serdaroglu et 
al. (2009) conducted a study in children and found that the T allele was higher in the patient 
group than in the control group (Kira et al., 2010; Yu et al., 2012).

Our study involved subjects older than 18 years, and thus our results may not be appli-
cable to children. Kanemoto et al. (2003) conducted a study in Japan and found that the T allele 
frequency was higher in subjects without febrile seizure, supporting our results (Kanemoto et 
al., 2003). Nur et al. (2012) reported that the GG genotype was most frequently observed in 
Turkish patients with a family history of epilepsy (Dubé et al., 2005; Nur et al., 2012). The 
results of Kanemoto et al. (2003) agree with our results in many aspects. In contrast, no asso-
ciation between epilepsy and IL-1β polymorphisms was noted by Tiwari et al. (2012) in India, 
Chou et al. (2010) in Taiwan, Haspolat et al. (2005) in Turkey, Matsuo et al. (2006) in Japan, 
and Capurso et al. (2010) in the USA. In addition, Tilgen et al. (2002) and Tsai et al. (2002) 
found that the C allele was most frequently observed in febrile seizure patients in German 
and Taiwanese populations, respectively. These results are not consistent with ours; this can 
be explained based on genetic variations among populations. In studies examining different 
populations, the T allele frequency was found to be 46% in Japanese, 34% in European, and 
60% in African populations (Shibata et al., 2002; Pola et al., 2002; Kauffman et al., 2008). 
The T allele frequency was found to be 42% in Turkish children with epilepsy (Haspolat et al., 
2005). In this study, the T allele frequency was 28% in the control group. Chuo et al. (2010) 
in Taiwan, Mansoori et al. (2010) in India, and Capurso et al. (2010) in Italy found that the G 
allele does not affect epilepsy in febrile seizure patients. These findings agreed with the results 
of our study. Other studies found that the G allele affected the progress of febrile seizures (Shi-
bata et al., 2002; Pola et al., 2012). These results do not agree with the results of our study. We 
found that the GG genotype was observed at a higher frequency in patients with a family his-
tory of seizures, indicating that it could be a risk factor for epilepsy. Reasons for these differ-
ences may include geography, ethnicity, and genomic heterogeneity (Tilgen et al., 2002; Chou 
et al., 2010; Wu et al., 2012). In this study, the GG genotype was the most frequently observed 
genotype in patients with head trauma and difficult birth, and the G allele frequency was the 
most common allele. However, the CC genotype was also the most frequently observed in the 
healthy group. Thus, the GG genotype may not be a risk factor in situations of head trauma or 
difficult birth. When the allele frequency of the IL-1β-511 polymorphic region was compared 
between patient and control groups, the T allele frequency was higher in patients with a fam-
ily history, particularly in first-degree relatives. These results were not obtained for the group 
with head trauma, where the C allele was observed most frequently. This may be because head 
trauma causes epilepsy because of environmental reasons rather than genetic reasons, and thus 
the polymorphism present has no effect. T allele frequency was determined to be higher in 
epilepsy patients with a difficult birth compared to healthy subjects.

We examined polymorphic regions in IL-6-174 and found that the most common 
genotypes were GG and CC in all subjects, although the G allele frequency was lower in the 
patient group than in the healthy group. Thus, IL-6-174 polymorphisms are not involved in 
epileptogenesis. When febrile seizure patients were compared with the healthy control group, 
no difference was detected in G allele frequency. Thus, epileptogenesis is not an indicator of 
genetic information in patients with febrile seizure.
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In conclusion, we examined 2 separate polymorphic regions and compared gene poly-
morphisms in healthy and patient groups. For IL-1β-511, we found that the T allele affects 
epileptogenesis and seizures, and may be a risk factor affecting febrile seizures. For IL-6-174 
gene polymorphisms, in individuals with a family history, the G allele (GG genotype) was 
frequently observed in both groups. However, the high ratio of GG genotypes in the control 
group may be related to epileptogenesis, although further studies are required to confirm this 
association.

ACKNOWLEDGMENTS

We are grateful to the Kafkas University Scientific Research Project unit (Kars, 
Turkey Grant #MMF: 2011-62) for financially supporting this study.

REFERENCES

Alapirtti T, Rinta S, Hulkkonen J, Mäkinen R, et al. (2009). Interleukin-6, interleukin-1 receptor antagonist and interleukin-
1beta production in patients with focal epilepsy: A video-EEG study. J. Neurol. Sci. 280: 94-97.

Balcerzyk A, Nowak M, Kopyta I, Emich-Widera E, et al. (2012). Impact of the -174G/C interleukin-6 (IL-6) gene 
polymorphism on the risk of paediatric ischemic stroke, its symptoms and outcome. Folia Neuropathol. 50: 147-151.

Banks WA (2004). Neuroimmune networks and communication pathways: the importance of location. Brain Behav. 
Immun. 18: 120-122.

Bauer S, Cepok S, Todorova-Rudolph A, Nowak M, et al. (2009). Etiology and site of temporal lobe epilepsy influence 
postictal cytokine release. Epilepsy Res. 86: 82-88.

Bebek N and Baykan B (2006). Epilepsilerin genetik yönü ve idyopatik epilepsi genetiğinde son gelişmeler. J. Neurol. 
Sci. 23: 70-83.

Brietzke E, Stertz L, Fernandes BS, Kauer-Sant’Anna M, et al. (2009). Comparison of cytokine levels in depressed, manic 
and euthymic patients with bipolar disorder. J. Affect. Disord. 116: 214-217.

Browne TH and Holmes GL (2004). Handbook of Epilepsy. Epilepsy: Definitions and Background. 3rd ed., Wiley, New 
York.

Capurso C, Solfrizzi V, Colacicco AM, D’Introno A, et al. (2010). Interleukin 6-174 G/C promoter and variable number 
of tandem repeats (VNTR) gene polymorphisms in sporadic Alzheimer’s disease. Prog. Neuropsychopharmacol. 
Biol. Psychiatry 34: 177-182.

Cavalleri GL, Lynch JM, Depondt C, Burley MW, et al. (2005). Failure to replicate previously reported genetic associations 
with sporadic temporal lobe epilepsy: where to from here? Brain 128: 1832-1840.

Chou IC, Lin WD, Wang CH, Tsai CH, et al. (2010). Interleukin (IL)-1beta, IL-1 receptor antagonist, IL-6, IL-8, IL-10, 
and tumor necrosis factor alpha gene polymorphisms in patients with febrile seizures. J. Clin. Lab. Anal. 24: 154-159.

Dubé C, Vezzani A, Behrens M, Bartfai T, et al. (2005). Interleukin-1beta contributes to the generation of experimental 
febrile seizures. Ann. Neurol. 57: 152-155.

Engel J Jr (2006) Report of the ILAE classification core group. Epilepsia 47: 1558-1568.
Fisher RS, van Emde BW, Blume W, Elger C, et al. (2005). Epileptic seizures and epilepsy: definitions proposed by the 

International League Against Epilepsy (ILAE) and the International Bureau for Epilepsy (IBE). Epilepsia 46: 470-472.
Haspolat S, Baysal Y, Duman O, Coşkun M, et al. (2005). Interleukin-1alpha, interleukin-1beta, and interleukin-1Ra 

polymorphisms in febrile seizures. J. Child Neurol. 20: 565-568.
Jin L, Jia Y, Zhang B, Xu Q, et al. (2003). Association analysis of a polymorphism of interleukin 1 beta (IL-1 beta) gene 

with temporal lobe epilepsy in a Chinese population. Epilepsia 44: 1306-1309.
Kalueff AV, Lehtimaki KA, Ylinen A, Honkaniemi J, et al. (2004). Intranasal administration of human IL-6 increases the 

severity of chemically induced seizures in rats. Neurosci. Lett. 365: 106-110.
Kanemoto K, Kawasaki J, Yuasa S, Kumaki T, et al. (2003). Increased frequency of interleukin-1beta-511T allele in 

patients with temporal lobe epilepsy, hippocampal sclerosis, and prolonged febrile convulsion. Epilepsia 44: 796-799.
Kauffman MA, Moron DG, Consalvo D, Bello R, et al. (2008). Association study between interleukin 1 beta gene and 

epileptic disorders: a HuGe review and meta-analysis. Genet. Med. 10: 83-88.
Kira R, Ishizaki Y, Torisu H, Sanefuji M, et al. (2010). Genetic susceptibility to febrile seizures: case-control association 



8560

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (4): 8552-8560 (2014)

İ. Gök et al.

studies. Brain Dev. 32: 57-63.
Li G, Bauer S, Nowak M, Norwood B, et al. (2011). Cytokines and epilepsy. Seizure 20: 249-256.
Mansoori N, Tripathi M, Alam R, Luthra K, et al. (2010). IL-6-174 G/C and ApoE gene polymorphisms in Alzheimer’s 

and vascular dementia patients attending the cognitive disorder clinic of the All India Institute of Medical Sciences, 
New Delhi. Dement. Geriatr. Cogn. Disord. 30: 461-468.

Meisel C, Schwab JM, Prass K, Meisel A, et al. (2005). Central nervous system injury-induced immune deficiency 
syndrome. Nat. Rev. Neurosci. 6: 775-786.

Nur BG, Kahramaner Z, Duman O, Dundar NO, et al. (2012). Interleukin-6 gene polymorphism in febrile seizures. 
Pediatr. Neurol. 46: 36-38.

Ozkara C, Uzan M, Tanriverdi T, Baykara O, et al. (2006). Lack of association between IL-1beta/alpha gene polymorphisms 
and temporal lobe epilepsy with hippocampal sclerosis. Seizure 15: 288-291.

Peltola J, Laaksonen J, Haapala AM, Hurme M, et al. (2002). Indicators of inflammation after recent tonic-clonic epileptic 
seizures correlate with plasma interleukin-6 levels. Seizure 11: 44-46.

Pola R, Flex A, Gaetani E, Lago AD, et al. (2002). The -174 G/C polymorphism of the interleukin-6 gene promoter is 
associated with Alzheimer’s disease in an Italian population. Neuroreport 13: 1645-1647.

Rapley R and Walker JM (2008). The Nucleic Acid Protocol Handbook. Humana Press, Ottowa, New Jersey.
Ravizza T and Vezzani A (2006). Status epilepticus induces time-dependent neuronal and astrocytic expression of 

interleukin-1 receptor type I in the rat limbic system. Neuroscience 137: 301-308.
Ravizza T, Gagliardi B, Noé F, Boer K, et al. (2008). Innate and adaptive immunity during epileptogenesis and spontaneous 

seizures: evidence from experimental models and human temporal lobe epilepsy. Neurobiol. Dis. 29: 142-160.
Serdaroglu G, Alpman A, Tosun A, Pehlivan S, et al. (2009). Febrile seizures: interleukin 1beta and interleukin-1 receptor 

antagonist polymorphisms. Pediatr. Neurol. 40: 113-116.
Shibata N, Ohnuma T, Takahashi T, Baba H, et al. (2002). Effect of IL-6 polymorphism on risk of Alzheimer disease: 

genotype-phenotype association study in Japanese cases. Am. J. Med. Genet. 114: 436-439.
Tekeli H, Yasar H, Kendirli MT, Senol MG, et al. (2012). The prevalence of epilepsy in young Turkish males. Epilepsy 

18: 1-6.
Tilgen N, Pfeiffer H, Cobilanschi J, Rau B, et al. (2002). Association analysis between the human interleukin 1beta (-511) 

gene polymorphism and susceptibility to febrile convulsions. Neurosci. Lett. 334: 68-70.
Tiwari P, Dwivedi R, Mansoori N, Alam R, et al. (2012). Do gene polymorphism in IL-1β, TNF-α and IL-6 influence 

therapeutic response in patients with drug refractory epilepsy? Epilepsy Res. 101: 261-267.
Tsai HC, Lee SS, Liu YC, Lin WR, et al. (2002). Clinical manifestations of strongyloidiasis in southern Taiwan. J. 

Microbiol. Immunol. Infect. 35: 29-36.
Virta M, Hurme M and Helminen M (2002). Increased frequency of interleukin-1β (-511) allele 2 in febrile seizures. 

Pediatr. Neurol. 26: 3-7.
Wrona D (2006). Neural-immune interactions: an integrative view of the bidirectional relationship between the brain and 

immune systems. J. Neuroimmunol. 172: 38-58.
Wu ZQ, Sun L, Sun YH, Ren C, et al. (2012). Interleukin 1 beta -511 C/T gene polymorphism and susceptibility to febrile 

seizures: a meta-analysis. Mol. Biol. Rep. 39: 5401-5407.
Yu HM, Liu WH, He XH and Peng BW (2012). IL-1β: an important cytokine associated with febrile seizures? Neurosci. 

Bull. 28: 301-308.


