PAGE  
14

Original Article

HCN2, NRTN, CAPS and GPX4 genes are not associated with simple febrile seizures in Chinese Han population
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Abstract. Febrile seizures (FS) are considered as a genetic disease, but the specific genes responsible for it have not yet been identified. Based on our previous linkage analysis data that mapped our simple FS families to 19p13.3 and the function of the genes in this region, four genes (HCN2, NRTN, CAPS and GPX4) were chosen as candidate genes for FS. To investigate the possibility of association of these four genes with FS in Chinese Han population, we systematically screened all exons and their flanking introns of the four genes and found 22 single nucleotide polymorphisms (SNPs). Using nine of the SNPs as markers, we conducted association studies in 60 FS patients and 101 normal controls. No significant discrepancies between the FS cases and controls were found in allele and genotype frequencies of the four SNPs in HCN2 gene, one SNP in NRTN gene, one SNP in CAPS gene and three SNPs in GPX4 gene. Our results imply that the four genes are not the susceptibility genes for FS at least in Chinese population.
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1. Introduction

Febrile seizures (FS) are the most common form of seizures in childhood, occurring in 2-5% children between six months and five years of age. Twin and family studies suggest an important genetic component in the etiology of FS. Autosomal dominant (AD), autosomal recessive (AR), and polygenic inheritance have been described (1). Linkage studies have mapped the FS loci on chromosomes 2, 5, 6, 8, and 19, but no genes for simple FS have been identified in these five identified loci (2-7). Furthermore, most of the known genes for other epileptic disorders have also been screened for mutations and polymorphisms in familial and sporadic FS with no confirmed findings so far (8-12). In 1998, we collected 60 simple FS pedigrees in which the trait segregated with an AD mode of inheritance. We conducted linkage analysis for these pedigrees and excluded the already known loci for FS, including those on 8q and 2q, except for the locus on 19p13.3, in which the multi-point Lod score reached 2.78 between the markers D19S395 and D19S591 (13). 

It is well known that excitability of the neurons and their communications depend on the action of various ion channels. Hyperpolarization-activated cyclic nucleotide-gated cation channels (HCN), which have four subunits (HCN1-4), are found in a variety of cardiac cells and neurons. Various studies have shown that HCN2 may contribute to epileptogenesis. HCN2-deficient mice exhibited spontaneous absence seizures and cardiac sinus dysrrhythmia (14). A recent study suggested that prolonged FS in immature rat induced the expression of HCN2 and reduced the expression of HCN1 in CA1 and CA2 of hippocampus, which correlated with the long-lasting hippocampus hyperexcitability and enhanced seizure susceptibility (15). The changes of HCN1 and HCN2 expression in seizures may reflect a connection between these genes and FS. HCN2 gene contains 10 exons spanning 27.2 kb in genome, and codes for a protein of 889 amino acids (15).

We also selected three other genes in this region; neurturin (NRTN) gene, which contains two exons spanning 4.5 kb, and codes for a protein of 197 amino acids. NRTN, a member of the glial cell line-derived neurotrophic factor (GDNF) family, promotes the survival and function of several neuronal populations in the CNS (16). NRTN may modulate seizure susceptibility by altering the function of hilar neuropeptide Y-containing interneurons and entorhinal cortical afferents at dentate granule cell synapses (17). Calcyphosine (CAPS) gene contains four exons spanning 1.7 kb, and codes for a protein of 189 amino acids. It is a Ca 2+ binding protein that was originally detected in the dog thyroid. Although the exact function of CAPS is unclear, it is implicated in mutual signal communication between cAMP and calcium-phosphatidylinostol cascades (18). Glutathione peroxidase four (GPX4) gene contains seven exons spanning 2.8 kb, and codes for a protein of 197 amino acids. GPX4 is the only major antioxidant enzyme known to directly reduce phospholipid hydroperoxides within membranes and lipoproteins. GPX4 may play a role in regulation of leukotriene biosynthesis and thus inflammation. GPX4 may also affect the embryo development (19). Therefore, these three genes have the possibility to contribute to FS.

To date there have been no reports on the association study of the four genes with FS. Based on the above functional evidences and our linkage data, we conducted a study to look for mutations in the four genes in our FS pedigrees.

2. Materials and methods

Sixty simple FS patients, the probands of the pedigrees in our previous linkage analysis, of Han nationality from northern China, were included in this study [the age of FS onset ranged 8 months to 5 years; mean ± SD (1.5 ± 1.0 years), male/female 1.7]. All 60 patients had the history of simple FS without other form of seizures. These pedigrees include more than two generations and have at least one simple FS patient in each generation. Informed consent was obtained from all participating subjects. The criteria established in the 1989 International Classification of Epileptic Syndromes were used for the diagnosis of simple FS. EEG must be normal after 2 weeks of the seizures. Patients with afebrile seizures, FS occurring older than 6 years, epileptiform EEG trait or evidence of intracranial infection were not included in this study. They were followed up in a pediatric clinic for more than five years, and none of them developed epilepsy in addition to FS thereafter. One hundred one unrelated healthy persons of Han nationality from northern China were studied as the controls [their age ranged 7.2 to 14 years; mean ± SD (10.1 ± 1.2 years), males/female 1.8]. They are all older than the occurrence age of FS. Negative family history of FS and epilepsy had been confirmed. 

All exons and their flanking introns of the four genes in the 60 simple FS children were amplified and sequenced. Genomic DNA was extracted from peripheral blood leukocytes by the method recommended by Miller et al. (20). PCR amplification was performed in a 25 μL PCR reaction volume containing 50 ng of genomic DNA, 200 μM of each dNTP, 1.0 units Taq DNA polymerase, 0.3 μM of each primer and 10% DMSO in a thermal cycler (icycler TM Thermal cycler, Bio-Rad). PCR conditions were as follows: 95 ºC for 5 minutes, 35 cycles at 95 ºC for 45 seconds, 55 to 60 ºC (depending on the primers used) for 45 seconds and 72 ºC for 60 seconds, then standing at 72 ºC for 10 minutes and holding at 4 ºC. PCR products were purified with a Multiscreen filter plate (Millipore, Inc.) and sequenced on ABI PRISM 377 DNA analyzer (Applied Biosystems). Sequence changes found in the FS patients were further identified in controls by using restriction fragment length polymorphism (RFLP) and direct sequencing methods.

Hardy–Weinberg equilibrium and Chi-square tests were performed using the software package SPSS version 10.0 for Windows (21). Haplotype frequency was estimated by the Estimated Haplotype Frequencies software. A value of P <0.05 was considered statistically significant. 

3. Results

Altogether, we identified 16 single nucleotide polymorphisms (SNPs) in HCN2 gene, one SNP in NRTN gene, two SNPs in CAPS gene and three SNPs in GPX4 gene (Table 1). There were nine newly-identified SNPs in this study. Because the frequencies of the minor alleles of the nine SNPs related to the four genes were higher than 5% in the samples used for SNPs screening, they might have higher heterozygosity than the other low frequency SNPs. Therefore, we used the nine SNPs of the four genes as markers for further association studies in the 60 FS patients and 101 normal controls. 

None of the observed genotype frequencies of SNPs deviated significantly from the expected values according to Hardy–Weinberg equilibrium. We found that the allele and genotype frequencies of the four SNPs in HCN2 gene, one SNP in NRTN gene, one SNP in CAPS gene and three SNPs in GPX4 gene did not differ significantly between the FS patients and controls (Table 2).

As haplotype has more accuracy and statistical significance than individual SNP in association studies, we further estimated haplotype frequencies of the four SNPs in HCN2 and three SNPs in GPX4 in FS patients and controls by using the Estimated Haplotype Frequencies software and conducted a case-control study (Tables 3 and 4). We also found that the haplotype distributions were not significantly different between the FS patients and controls (P >0.05).

4. Discussion

Many studies demonstrated that FS was a self-limiting disease in association with changes of neural excitability during brain development. A previous study reported that HCN2 in pyramidal neurons in CA1 and CA3 regions of hippocampus underwent characteristic changes during the first three weeks of mouse postnatal development (15), suggesting the possibility of this gene to connect with the age limiting disease. In addition, NRTN may be involved in the development and maintenance of CNS (17). CAPS may play a role in the regulation of ionic transport (18). Therefore, we focused on these genes in this study. 

On the other hand, our study therefore does not reveal any significant association between the four genes and FS. HCN2 NRTN, CAPS and GPX4 genes are even small, therefore the SNPs we selected to do association studies and the results of haplotype analysis may represent the situation of all genes. In association study, incorrect results will be derived if cases and controls are from different populations. The ancestry of the two examined groups had been estimated by five ancestry informative markers, and suggested that cases and controls were probably from the same population, therefore comparisons of frequency differences between FS patients and controls are acceptable (22,23).

In summary, results from our work indicate that the HCN2, NRTN, CAPS and GPX4 genes are susceptibility genes neither for FS nor in linkage disequilibrium with disease-predisposing sites in Chinese population. Since the mutation screening was performed in only 60 FS patients, further studies on a large cohort are needed to verify the present results. 
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Table 1

Identified single nucleotide polymorphisms (SNPs) in HCN2, NRTN, CAPS and GPX4 genes
	Gene
	Regions 
	a Polymorphisms 
(amino acid changes)
	Flanking sequences

	HCN2
	Exon3 
	b 714T>C(Asp>Asp)
	TcttcaaggaT/Cgagaccactg

	HCN2
	Exon3
	b 723T>C (Thr>Thr)
	AtgagaccacT/Cgccccgtgga

	HCN2
	Exon3
	b 858 T>C(Trp>Trp)
	AgaagaagtaT/Cctgcgcacgt

	HCN2
	Exon3
	b 915C>T(Phe>Phe)
	ActacatcttC/Tcttatcgtgg

	HCN2
	Exon3
	b 921 C>T (Ile>Ile)
	TcttccttatC/Tgtggagaagg

	HCN2
	Exon3
	b 963C>T(Arg>Arg)
	AgacggcacgC/Tgccctgcgca

	HCN2
	Intron3
	IVS3+55A>G 
	AtaatggtgcA/Gtgggcggggc

	HCN2
	Exon4
	1167C>T (Pro>Pro)
	TcctggtgccC/Tatgctgcagg

	HCN2
	Intron4
	b IVS4+6C>T
	TggtggtgagC/Tgccgcgggcc

	HCN2
	Intron4
	IVS4+33C>T
	GagggggagaC/Tgcaggctccc

	HCN2
	Exon5
	1239G>C (Leu>Leu)
	GgagtgaactG/Ctactccttcg

	HCN2
	Intron5
	b IVS5-157G>A
	GccacaggccG/Agggggctgtc

	HCN2
	Exon7
	1644C>T (Ala>Ala)
	TcgccaacgcC/Tgaccccaact

	HCN2
	Exon8
	1872C>T (Ala>Ala)
	GcgtgcgggcC/Tgacacctact

	HCN2
	5’-UTR
	-778A>G 
	GgggcaggggA/Gctctggtacc

	HCN2
	3’-UTR
	3243G>C 
	GggtcccgccG/Cccgtgatgaa

	NRTN
	Exon2
	b 175G>A(Ala>Thr)
	CgcagaccgtG/Acactcctgca

	CAPS
	Exon3
	116A>G(Arg>Gly)
	GgacgggagcA/Ggatccctgga

	CAPS
	Exon3
	136G>A(Glu>Glu)
	AcgctgatgaG/Attccggcagg

	GPX4
	Exon1
	36G>A(Pro>Pro)
	TactgaagccG/Agcgctgctct

	GPX4
	Intron3
	IVS114G>del
	GgggtgccagG/-cccccgactc

	GPX4
	Exon7
	638T>C
	CccacgcccctT/Cggagccttcc


a SNPs are named according to the nomenclature recommended by Antonarakis (24). Exon SNPs are shown as the position in cDNA sequence numbered from the A of the translation initial codon ATG. Intron SNPs are designated by IVS (Intervening Sequence), positive numbers start from the G of the donor site GT; negative numbers start from the G of the accepter site AG.  

b Newly-identified SNPs in this study.

Table 2
Association study of single nucleotide polymorphisms (SNPs) in the four genes
	Gene 
	Locus
	Group
	a Genotype frequency (%)
	P
	Allele frequency (%)
	P

	
	
	
	11
	12
	22
	
	1
	2
	

	HCN2
	1167C>T
	FS

Control
	53.3

58.4
	40.0

32.7
	6.7

8.9
	0.613
	73.3

74.8
	26.7

25.2
	0.778

	HCN2
	1239G>C
	FS

Control
	1.7

2.0
	10.0

8.9
	88.3

89.1
	0.966
	6.7

6.4
	93.3

93.6
	0.935

	HCN2
	IVS5-157G>A
	FS

Control
	46.7

48.5
	43.3

40.6
	10.0

10.9
	0.940
	68.3

68.8
	31.7

31.2
	0.929

	HCN2
	1872C>T
	FS

Control
	75.0

81.2
	13.3

12.9
	11.7

5.9
	0.436
	81.7

87.6
	18.3

12.4
	0.143

	NRTN
	175G>A

(Ala>Thr)
	FS

Control
	86.7

91.1
	13.3

8.9
	0.0

0.0
	0.377
	93.3

95.5
	6.7

4.5
	0.391

	CAPS
	116A>G

(Arg>Gly)
	FS

Control
	98.3

99.0
	1.7

1.0
	0.0

0.0
	0.708
	99.2

99.5
	0.8

0.5
	0.709

	GPX4
	36G>A

(Pro>Pro)
	FS

Control
	83.3

77.2
	16.7

21.8
	0.0

1.0
	0.446
	91.7

88.1
	8.3

11.9
	0.317

	GPX4
	IVS1+14G>del
	FS

Control
	0.0

0.0
	18.3

19.8
	81.7

80.2
	0.819
	9.2

9.9
	90.8

90.1
	0.829

	GPX4
	638T>C
	FS

Control
	33.3

21.8
	31.7

37.6
	35.0

40.6
	0.271
	49.2

40.6
	50.8

59.4
	0.134


FS: Febrile seizure. 
a Alleles 1 and 2 represent the 1st and 2nd nucleotides given in the name of the SNPs respectively.

Table 3
Estimated haplotype frequencies of four single nucleotide polymorphisms (SNPs) 
of HCN2 in febrile seizure (FS) patients and controls
	a Haplotypes
	FS frequencies (%)
	Control frequencies (%)
	P 

	CCAC
	13.3
	20.9
	

	CCGC
	45.3
	37.9
	0.97

	CCGT
	6.5
	6.5
	

	TCGC
	15.4
	19.2
	


a This table lists only the haplotypes with a frequency greater than 0.05. 

CCAC represents the haplotype 1167C–1239C–IVS5-157A–1872C.
CCGC represents the haplotype 1167C–1239C–IVS5-157G–1872C. 

CCGT represents the haplotype 1167C–1239C–IVS5-157G–1872T.
TCGC represents the haplotype 1167T–1239C–IVS5-157G–1872C.

Table 4
Estimated haplotype frequencies of three single nucleotide polymorphisms (SNPs) 
of GPX4 in febrile seizure (FS) patients and controls
	a Haplotypes
	FS frequencies (%)
	Control frequencies (%)
	P

	GGT
	5.2
	4.6
	

	GdelT
	35.7
	25.1
	0.56

	GdelC
	49.9
	58.3
	

	AdelT
	5.2
	5.7
	


a This table lists only the haplotypes with a frequency greater than 0.05. 

GGT represents the haplotype 36G–IVS1+14G–638T.
GdelT represents the haplotype 36G–IVS1+14del–638T. 

GdelC represents the haplotype 36G–IVS1+14del–638C. 

AdelT represents the haplotype 36A–IVS1+14del–638T.

