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ABSTRACT. Infantile spasms are a severe epileptic encephalopathy with
a variety of etiologies that occur in infancy and early childhood. Subjects
with infantile spasms are at a higher risk for evolving into intractable
epileptic spasms, tending to be refractory to conventional antiepileptic
drugs. Genetic polymorphisms of the P-glycoprotein-encoding gene
ABCBI1 are suspected to be associated with pharmacoresistance
phenotypes in epilepsy patients. Conflicting findings have been reported
in different populations; few studies have explored whether this
apparent association is affected by other host factors, such as specific
epilepsy syndrome. We performed a case-control study to determine
whether the risk of infantile spasms is influenced by common ABCB1
polymorphisms in a Han Chinese children’s population consisting
of 91 patients and 368 healthy individuals. DNA was isolated from
whole blood, and three genetic polymorphisms (C1236T, G2677T/A,
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and C3435T) were assayed by PCR-RFLP. There were significant
differences in the distributions of 3435TT [P = 0.001; odds ratio =2.47;
95% confidence interval (CI) = 1.44-4.27] and 3435CT [P < 0.001; odds
ratio = 0.28; 95%CI = 0.15-0.54] genotypes between infantile spasm
cases and controls. No significant differences were observed in allelic
and haplotypic frequencies of ABCB1 polymorphisms between the two
groups. This study demonstrated that variations in the C3435T gene
play an important role in the pathogenesis of infantile spasms in the Han
Chinese population; 3435TT is associated with increased risk of having
this epilepsy syndrome.
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INTRODUCTION

Infantile spasms (West syndrome) constitute an epilepsy syndrome, which affects 1
in 2000 infants (Pellock, 1990; Mikati et al., 2002). This epileptic disorder of infancy or early
childhood is characterized by the triad of infantile spasms, hypsarrhythmia, and cognitive
deterioration (Lux and Osborne, 2004). Unfortunately, as a severe epileptic encephalopathy
with heterogeneous etiology, treatments of infantile spasms are very limited and incompletely
effective (Wheless et al., 2005, 2007; Tsuji et al., 2007). Due to the complex molecular patho-
genesis of infantile spasms, patients with this epilepsy syndrome tend to have a higher risk of
developing pharmacoresistant epilepsy, which is refractory to conventional antiepileptic drugs
(AEDs; Koo et al., 1993; Riikonen, 2004; Frost Jr. and Hrachovy, 2005). There is still lack
of consensus with regard to current trends in the treatment of infantile spasms. Two options
are available at the moment: the first is ACTH or oral corticosteroids, the other is the use of
vigabatin or other alternative anticonvulsant drugs (Bobele and Bodensteiner, 1994; Ito et al.,
2000; Fois, 2010). The majority of AEDs, which are planar lipophilic agents and theoretical
substrates for P-glycoprotein (P-gp) transporter, are not first choice or the gold standard for
these patients (Hancock et al., 2001; Wheless et al., 2005, 2007; Willmore et al., 2009). One
hypothesis for unsatisfactory drug response has been attributed to enhanced blood brain bar-
rier expression of P-gp, which has been suggested to reduce the brain penetration of many
AEDs (Tishler et al., 1995; Aronica et al., 2004; Leschziner et al., 2007). Overexpression of
P-gp could be a result of either prolonged or frequent seizures, which was demonstrated in ro-
dent epilepsy models, or of genetic factors, such as polymorphisms of its coding gene ABCB1
or, theoretically, of both (Loscher and Delanty, 2009). Previous studies investigating the as-
sociation between ABCB1 polymorphisms and drug response in epilepsy have been carried
out in different ethnic backgrounds with conflicting results (Siddiqui et al., 2003; Zimprich et
al., 2004; Seo et al., 2006; Kwan et al., 2007; Hung et al., 2007). However, few studies have
explored the level of the participation of ABCB1 gene polymorphisms in relation to the risk
of a special epilepsy syndrome (West syndrome) in a children’s population, which essentially
influences drug response as a host characteristic. In this study, we examined the C1236T,
C3435T, and G2677T/A allelic and genotypic distributions in a case-control Han Chinese
sample, and investigated the relationship between potentially functional variants in ABCB1
polymorphisms and risk of patients with infantile spasms.
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MATERIAL AND METHODS

Subjects

Patients in this case-control study were 91 unrelated Han Chinese children with infan-
tile spasms, recruited from the Department of Pediatric Neurology, West China Second Uni-
versity Hospital in Chengdu. The diagnosis of this epileptic syndrome was carried out by the
senior pediatric neurologists according to the guidelines of the International League Against
Epilepsy (ILAE) (Engel Jr., 2001). An electroencephalogram (EEG) detected either classic or
modified hypsarrhythmia. Infantile spasms have been classified as cryptogenic when a pos-
sible etiology is suspected but absent from the identified underlying cause, and symptomatic
when the seizure arises from a definite cause, an apparent developmental delay prior to the
onset of spasms, and abnormal CT or MRI findings of the head (Lux and Osborne, 2004; Frost
Jr. and Hrachovy, 2005). Exclusion criteria were race other than Han and infantile spasms in
association with other lethal disease or as a part of genetic syndrome. In addition, 368 unre-
lated healthy children were selected via health screening at the same hospital. All participants
were of the same ethnic origin. Participants or their parents signed a written informed consent
form, and this study was approved by the Institutional Ethics Committee of the West China
Second University Hospital, Chengdu.

Genotyping

Genetic polymorphisms were assessed in DNA extracted from peripheral blood
leukocytes using the “salting-out” procedure (Miller et al., 1988). PCR-RFLP protocols
were described as below (Table 1). All the restriction enzymes used in this study were
supplied by New England Biolabs (USA). Reproducibility of genotyping was assured
by conducting duplicate experiments, and analysis of genotypes was determined blind
to case-control status. Determination of genotypes was performed on 2.5% agarose gel,
stained with ethidium bromide and visualized under UV light. PCR products of samples
representative of different genotype of ABCB1 polymorphic loci were sequenced di-
rectly using the AB Sequence Detection System 7500 v 1.4 software package (Applied
Biosystems) (Figure 1).

Table 1. PCR-RFLP assays for genotyping of ABCB1 polymorphisms.

Gene Primer sequence Annealing temperature Endonuclease  Cleavage products (bp)

C1236T F: 5'-ATC CTG TGT CTG TGA ATT GC-3' 59°C Eco01091 CC: 180 + 60

(rs1128503) R: 5-TCA GAA AGA TGT GCA ATG TG-3' CT: 240 + 180 + 60
TT: 240

C3435T F: 5-TGA TGG CAA AGA AAT AAA GCG A-3' 56°C Mbol CC: 144 + 49

(rs1045642) R: 5-TGA CTC GAT GAA GGC ATG TAT GT-3' CT: 193 + 144 + 49
TT: 193

G2677T F: 5-TGC AGG CTA TAG GTT CCA GG-3' 60°C Banl GG: 198 +26

(rs2032582) R: 5-TTT AGT TTG ACT CAC CTT CCC G-3' GT: 224 + 198 + 26
TT: 224

G2677A F: 5'-TGC AGG CTA TAG GTT CCA GG-3' 60°C Bsrl GG: 220

(rs2032582) R: 5'-GTT TGA CTC ACC TTC CCA G-3' GA: 220 +206 + 14
AA: 206+ 14

F = forward sequence; R = reverse sequence.
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Figure 1. Determination of C1236T, G2677T/A and C3435T genotypes of ABCB1 polymorphisms by gel
electrophoresis after PCR-RFLP and verified by DNA sequencing tests. A. PCR amplifications of locus C1236T
digested by EcoO1091. M =Molecular marker; lanes 2, 3,4=CT; lane 1 =TT; lanes 5, 6=CC. B. PCR amplifications
of'locus G2677T digested by Banl. Lanes 2, 3, 5= GT; lane 1 =TT; lanes 4, 6 = GG. C. PCR amplifications of locus
G2677A digested by Bsrl. Lane 4 = GA; lanes 2, 3, 5 = GG; lane 1 = AA. D. PCR amplifications of locus C3435T
digested by Mbol. M = Molecular marker; lane 6 = CT; lanes 1, 4, 7 =TT, lanes 2, 3, 5 = CC. A1-A3, B1-B3 and
C1-C6 = results of DNA sequencing of each genotype, and SNP positions indicated by arrows, respectively.

Statistical analysis

Frequencies of the alleles and genotypes were calculated by counting. The assumption
of the Hardy-Weinberg equilibrium was tested by means of the chi-square test. Comparison
between case-control groups was performed using contingency tables analyzed by the chi-
square test or the Fisher exact test. Further analysis of linkage disequilibrium and haplotype
effects of the three SNPs in the ABCB1 gene were performed using the Haploview program,
version 4.2 (http://www.broad.mit.edu/mpg/haploview). SPSS version 13.0 was used to esti-
mate odds ratios (OR) and confidence intervals (CI) at the 95% significance level. P < 0.05
was considered to be statistically significant.

RESULTS
Baseline characteristics of the study population

Demographic and clinical characteristics of infantile spasms and control subjects are
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shown in Table 2. A total of 459 individuals (91 infantile spasms patients and 368 controls)
were analyzed for C1236T, G2677T/A and C3435T polymorphisms. The proportion of males
was 69% in cases and 32% in controls. Mean age (+ standard deviation, SD) was 1.07 + 0.87
years among cases and 6.12 + 3.53 years among controls. Of the patient group, the ratio of
cryptogenic to symptomatic spasms was 38:53 and the mean age at onset (= SD) was 0.54 +
0.39 years.

Table 2. Characteristics of the study population.

Infantile spasm patients Controls
Age (years) (means + SD) 1.07 £ 0.87 6.12+£3.53
Gender (male:female) 63:28 119:249
Age at onset (years) (means + SD) 0.54 +0.39 -
Etiology
Symptomatic 53
Cryptogenic 38

Genotype frequencies of ABCB1 SNPs between cases and controls

The distributions of genotype frequencies of ABCBI polymorphisms in infantile
spasm children and healthy individuals are shown in Table 3. Genotype frequencies of the
three SNPs were all compatible with Hardy-Weinberg equilibrium (HWE) in both groups (for
the patient group, P = 0.75, 0.25 and 0.57 for C1236T, G2677T/A and C3435T, and for the
control group, P=10.65, 0.26 and 0.75, respectively). The percentages of observed frequencies
for CC, CT, TT genotypes of C3435T were 41.8, 15.4 and 42.8% for infantile spasm cases and
36.7,48.1 and 15.2% for controls, respectively. The genotype frequencies of ABCB1 C3435T
differed significantly between infantile spasm cases and controls with respect to the 3435TT
[P=0.001, OR =2.47, 95%CI = 1.44-4.27] and CT [P < 0.001, OR = 0.28, 95%CI = 0.15-
0.54] genotypes. The frequency of ABCB1 C1236T and G2677T/A genotypes did not differ
significantly between infantile spasm cases and controls.

Table 3. Genotype frequencies of common SNPs in the ABCB1 gene in infantile spasm patients and in healthy controls.

SNP Case N (%) Control N (%) OR 95%CI P value
C1236T
c/ic 12 (13.2) 53 (14.4) - - -
cIT 44 (48.3) 174 (47.3) 1.12 0.55-2.69 0.76
T 35(38.5) 141 (38.3) 1.10 0.53-2.27 0.80
C/T+T/T 79 (86.8) 315 (85.6) 111 0.57-2.17 0.77
C3435T
c/ic 38 (41.8) 135 (36.7) - - -
CIT 14 (15.4) 177 (48.1) 0.28 0.15-0.54 <0.001
T 39 (42.8) 56 (15.2) 247 1.44-4.27 0.001
C/T+T/T 53(58.2) 233 (63.3) 0.81 0.51-1.29 0.37
G2677T/A
G/G 18 (19.8) 75 (20.4) - - -
G/TorA 44 (48.3) 204 (55.4) 0.90 0.49-1.65 0.73
T/TorA 29 (31.9) 89 (24.2) 1.36 0.70-2.64 0.37
G/T or A+T/T or A 73 (80.2) 293 (79.6) 1.04 0.58-1.84 0.90

OR = odds ratio; CI = confidence interval.
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Allele frequencies of ABCB1 SNPs between cases and controls

Table 4 indicates the C1236T, G2677T/A and C3435T allele frequencies for infantile
spasm patients and controls. The frequency of ABCB1 C1236T, G2677T/A and C3435T alleles
did not differ significantly between infantile spasm and control groups despite a minor overrep-
resentation of the 3435C variant allele carriers in the group of infantile spasm patients (P > 0.05).

Table 4. Allele frequencies of common SNPs in the ABCB1 gene in infantile spasm patients and in healthy controls.

SNP Case N (%) Control N (%) OR 95%CI P value
C1236T

C 68 (37.4) 280 (38.0) Reference - -

T 114 (62.6) 456 (62.0) 1.03 0.74-1.44 0.87
C3435T

C 115 (63.2) 447 (60.7) Reference - -

T 67 (36.8) 289 (39.3) 0.90 0.64-1.26 0.54
G2677T/A

G 80 (44.0) 350 (47.6) Reference - -
T/A 102 (56.0) 386 (52.4) 1.16 0.83-1.60 0.38

OR = odds ratio; CI = confidence interval.
Distributions of haplotypes in ABCB1 gene between patients and controls.

The locus C1236T (synonymous) was observed to be in strong LD with C3435T (syn-
onymous) in both infantile spasm and control groups (D’ = 0.72 and D’ = 0.73, respectively;
Figure 2), indicating the importance of a possible effect of haplotypes from ABCBI1 for de-
termining phenotypes. In this study, the G2677T/A locus was the only one leading to non-
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Figure 2. Output of linkage disequilibrium (LD) plot performed by using the Haploview program version 4.2.
Each square represents a pairwise LD relationship between two SNPs with D’values for loci C1236T-G2677T/A-
C3435T, and C1236T-C3435T written in the box, respectively. A. The LD pattern in infantile spam patients. B. The
LD pattern in healthy individuals.
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synonymous mutation, with 2677G coding for 893Ala, 2677T coding for 893Ser, and 2677A
coding for 893Thr. The least common of the three alleles, A, was counted as T to simplify the
analysis. The frequencies of three-marker haplotypes are presented in Table 5. A total of 8
possible haplotypes were observed in both groups, with T-T/A-T (28.8%) and T-G-C (18.5%)
being the most predominant haplotypes in the infantile spasm group. The frequencies of each
combination of ABCBI haplotypes did not show a significant difference between infantile
spasm and control groups using the reference haplotype (CGC) (P > 0.05).

Table 5. Estimated three SNP haplotypes and their frequencies in the patient group and control individuals.

SNP Haplotype frequency OR (95%CI) P value

C1236T G2677T/A C3435T Case N (%) Control N (%)

C G C 31(16.9) 158 (21.5) Reference -

T G C 34 (18.5) 144 (19.5) 1.20 (0.70-2.06) 0.50
T G T 10(5.3) 32(44) 1.59 (0.71-3.57) 0.26
C G T 6(3.2) 16 (2.2) 1.91 (0.69-5.27) 0.23
C T/A C 30 (16.6) 94 (12.8) 1.63 (0.93-2.86) 0.09
T T/A T 52(28.8) 229 (31.1) 1.16 (0.71-1.89) 0.56
T T/A C 19 (10.7) 52(7.0) 1.86 (0.97-3.57) 0.06
C T/A T 0(0)* 11 (1.5) - -

OR = odds ratio; CI = confidence interval; N = number of chromosomes. *Not analyzed for its limited frequency.
DISCUSSION

Results of the present study suggest that the 3435TT genotype of ABCB1 gene may be
associated with susceptibility to infantile spasms in a Chinese Han children’s population (P =
0.001, OR =2.47, 95%CI = 1.44-4.27). However, neither the C allele nor the T allele carriers
of ABCB1 C3435T polymorphisms confer significant risk of infantile spasms. The predicted
haplotype frequencies of the three loci did not reveal a significant difference between infantile
spasm patients and controls. This is a novel finding because ABCB1 gene polymorphisms
have not been previously studied for their association with the risk of infantile spasms, which
is a special epilepsy syndrome in childhood, and further studies with larger sample size in
different ethnic backgrounds are needed to confirm the association. An initial study reported
by Siddiqui et al. (2003) has shown that the 3435CC genotype may play a role in the develop-
ment of drug-resistant epilepsy; however, in two subsequent studies in Japanese and Chinese
(Hong Kong) populations, the association was in the opposite direction (Seo et al., 2006;
Kwan et al., 2007). Compared to studies in Caucasians, patients with pharmacoresistant epi-
lepsy were more likely to have the TT genotype in the C3435T polymorphism in the Asian
population, which highlights the complexity of the possible role of this SNP in antiepileptic
drug response in different ethnic populations. The functional consequence of this SNP is still
unclear. Kimchi-Safarty et al. (2007) have shown that C3435T in exon 26, a synonymous
SNP, which does not produce a change in amino acid, is not essentially silent and gives rise to
P-gp with modified drug and inhibitor interactions. It is also suggested that C3435T variations
may alter P-gp function by affecting insertion and the time required for cotranslational folding
of the protein (Komar, 2007).The results lead to the speculation that some rare synonymous
SNPs may affect the synthesis of protein with the same amino acid but various structural or
functional properties.

Of all infantile spasm children, 20 to 50% eventually develop Lennox-Gastaut syn-
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drome, which is considered to involve intractable epileptic spasms and may be very difficult
to treat (Rantala and Putkonen, 1999; Wong and Trevathan, 2001). Prognosis for most patients
with infantile spasms remains poor. Of the patients with symptomatic etiology, 80 to 95%
have mental retardation, compared with 30-50% for patients with cryptogenic infantile spasms
(Riikonen, 2004; Tsao, 2009). Subgroup analyses of epilepsy syndrome have not been de-
scribed in reports of most previous similar studies, which tend to include all epilepsy patients
as a single cohort, with the finding of a negative association between drug responsiveness and
C3435T polymorphisms (Kim et al., 2006; Vahab et al., 2009). The main aim of our study was
to identify the pattern of ABCB1 genetic markers in children with infantile spasms. Perhaps
this would help us to understand why individuals with infantile spasms are more inclined to
antiepileptic resistance on the basis of their genetic profile and further aid in investigating
the potential pathogenesis of this epilepsy syndrome. We postulated that the interaction be-
tween ABCB1 polymorphisms and pharmacoresistant epilepsy may, at least on a theoretical
level, involves regulation by epilepsy syndrome. However, at present, small sample size limits
our ability to stratify the patient population on the basis of other variables including gender,
medication regimen, etiology, and so on. It is our future plan to evaluate combined effects of
other risk factors, including other candidate genes responsible for AED resistance and envi-
ronmental exposure, conducted in cooperation with a number of research groups, which will
produce prospective studies that will provide further clues for the understanding of genetic and
environmental determinants of infantile spasms.

In conclusion, our results demonstrate that the 3435TT genotype is strongly associ-
ated with the risk of developing infantile spasms. The findings necessitate further studies for
confirmation.
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