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Abstract; Objective
resistant epilepsy ( DRE) and single nucleotide polymorphisms ( SNPs)
Methods

To investigate the association between drug

in whole — exome sequencing ( WES) . Patients with
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epilepsy, who visited in our hospital, were enrolled in this study and divided into a drug - resistant group and a
monotherapy — effective group based on treatment outcomes. Baseline demographic characteristics, medical history and
laboratory test results were collected. Seizure outcomes were observed after more than 12 months under adequate
treatment. WES was performed on 12 extreme cases (6 patients with resistant to three antiepileptic drugs vs. 6 patients
effectively treated with monotherapy and undergoing dose reduction) to identify candidate SNPs. These candidate SNPs
were then validated in the larger cohort to explore the association with DRE. Results A tota of 560 patients were
enrolled, 153 were DRE group and 407 were monotherapy — effective group. The median age in the monotherapy —
effective group and the drug — resistant group was 19 years old and 25 years old, respectively; the median weight were
50 kg and 55 kg, respectively. All these differences between the two groups were statistically significant (all P <0.05) ;
the proportion of structural etiology was 55.56% in the drug — resistant group and 45.46% in the monotherapy —
effective group; the proportion of infectious etiology were 3.92% and 2. 21% ; the proportion of immune etiology were
3.27% and 1.23% ; the proportion of metabolic and genetic etiology were 5. 88% and 11. 30% ; the proportion of dual
etiologies were 1.96% and 1.23% ; the proportion of patients with impaired consciousness were 56.21% and
39.07% ; the proportion of second — generation antiseizure medication as initial medication regimen were 50. 98% and
65.46% ; the proportion of malformation of cortical development were 10.46% and 2.95% ; the proportion of
hippocampal sclerosis were 15.03% and 9. 58% ; the proportion of hypoxic — ischemic encephalopathy were 3. 92%
and 1.47% ; the proportion of vascular malformation were 4. 58% and 3. 93% ; the proportion of traumatic brain injury
were 1.31% and 3.44% ; the proportion with brain tumor were 3.92% and 2.21% ; the proportion with dual
pathologies were 1.96% and 0.98% ; the proportion of abnormal nonepileptogenic were 23.53% and 29.48% .
Baseline information showed statistically significant differences in age, weight, etiology, presence of impaired
awareness, initial medication regimen and neuroimaging results (P <0.05,P <0.001). 102 candidate SNPs were
selected for genotyping and association analysis in larger cohort including 560 patients. 5 SNPs were identified to be
significantly associated with DRE. Multivariate logistic regression incorporating both clinical and genetic factors revealed
that hippocampal sclerosis, malformation of cortical development, hypoxic —ischemic, presence of impaired awareness,
as well as the SCN2A4 1517183814 GG and SPATA31 rs1919128 GA genotypes were risk factors for drug resistance
(SCN2A rs17183814 GG P =0.027; SPATA31 rs1919128 GA: P =0.014). Conclusion SCN2A rs17183814 and
SPATA31 1s1919128 were found to be associated with drug resistance. Carriers of the GG genotypes of SCN2A
rs17183814 and GA genotype of SPATA31 rs1919128 are more likely to develop DRE.

Key words: epilepsy; drug resistance; single — nucleotide polymorphisms; whole — exome sequencing; clinical study
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) d5e/INEE 57 5 TR 591 2% ( minor allele frequency, MAF) {H
BIKTF 0. 05, Hardy — Weinberg - 0 25 5 5 7:38 >
SNP ANji#i /& Hardy — Weinberg SEAff (1) P <0.05) , Ho4s
SNP £74 Hardy — Weinberg A (3 P >0.05)

R1 2 HBHEBIORALLE (n=560)

3 EESSUSEMMZIREXRE

H 9808 T i [l ( sodium channel voltage —
gated type Il alpha, SCN2A)rs17183814 {37 & 5 i it
R ERC, GG LRI R L GA + AA JLP Y AR
A Sy B R M 25 (OR = 1.70, 95% CI =
1.09 ~2.64,P <0.05) ; &K % 2 14 1 3 3 ( laminin
subunit beta 3, LAMB3) rs2076349 {3 & 5 5595 i 245
FAHSE, TT B AR L CT + CC BE R R B 4T Y)
H B0 9 A it 25 (OR = 1.52,95% CI = 1.03 ~2.25,
P <0.05) ; == ZA B Bt & R 2 Ik (leucyl and cystinyl

Table 1 Comparison of general information between two groups (n =560)

Variables Response (n=407) DRE (n=153) Variables Response (n=407) DRE (n =153)
Gender (n,% ) History of febrile convulsions (n,% )
Female 193(47.42) 73(47.71) No 349(85.75) 135(88.24)
Male 214(52.58) 80(52.29) Yes 58(14.25) 18(11.76)
19. 00 25.00
Age, median (IQR) (11.00, 27.00) (16.00, 33.00) * History of SE (n,% )
Weight, median (IQR) 7. (fg; 0601. — 72?'607? 1) 394(96. 81) 146(95. 42)
Etiology (n,% ) Yes 13(3.19) 7(4.58)
Unknown 157(38.57) 45(29.41) * Family history (n,% )
Structural 185(45.46) 85(55.56) No 391(96.07) 145(94.77)
Infectious 9(2.21) 6(3.92) " Yes 16(3.93) 8(5.23)
Immune 5(1.23) 5(3.27) *  Presence of psychiatric disorders (n,% )
Others” 46(11.30) 9(5.838) " No 394(96.81) 145(94.77)
Dual 5(1.23) 3(1.96) " Yes 13(3.19) 8(5.23)
Seizure type (n,% ) History of significant head trauma (n,% )
Generalized 85(20.83) 23(15.03) No 389(95.58) 149(97.39)
Focal 322(79.12) 130(84.97)  Yes 18(4.42) 4(2.61)
Presence of impaired awareness (n,% ) History of encephalitis (n,% )
No 248(60.93) 67(43.79) * No 385(94.59) 141(92.16)
Yes 159(39.07) 86(56.21)*  Yes 22(5.40) 12(7.84)
Presence of tonic — clonic seizure (n,% ) Neuroimaging (n,% )
No 93(22.85) 42(27.45) Normal 187(45.95) 54(35.29) *
Yes 314(77.15) 111(72.55) Malformation of cortical development 12(2.95) 16(10.46) *
Initial medication regimen (n,% ) Hippocampal sclerosis 39(9.58) 23(15.03) "
First — generation antiepileptic . .
medications® 141(34.64) 75(49.02) * Hypoxic — ischemic 6(1.47) 6(3.92) *
Second — generation antiepileptic B . .
medicationsA 266(65.46) 78(50.98) Vascular malformation 16(3.93) 7(4.58)
Age at onset (n,% ) Traumatic brain injury 14(3.44) 2(1.31)*
Adult 127(31.20) 47(30.72) Tumor 9(2.21) 6(3.92) "
Infant 54(13.27) 29(18.95) Dual pathologies 4(0.98) 3(1.96) "
Childhood 126(30.96) 45(29.41) Abnormal nonepileptogenic® 120(29.48) 36(23.53) "
Adolescent 95(23.34) 31(20.26)
Elder 5(1.23) 1(0.66)

#. Other etiologies include genetic and metabolic etiology;* : First — generation antiepileptic medications include valproic acid, carbamazepine, phenobarbital

and phenytoin; 4 ; Second - generation antiepileptic medications include topiramate, oxcarbazepine, levetiracetam and lamotrigine;%; Abnormal

nonepileptogenic include small vessel ischemic changes, white matter hyperintensity, other cystic lesions, nonspecific T2 signal, cerebral atrophy, hippocampal

structures asymmetry, developmental venous anomaly, Chiari I malformation, calcification, lipoma, cerebral aneurysm, brachycephaly, cerebellar atrophy,

congenital asymmetry of ventricles, cortical thickening, thinning of frontal lobes, hydrocephalus, hypoplastic right vertebral artery and pontine myelinolysis;

Compared with response group, * P <0. 05.
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Table 2  Single nucleotide ( SNPs) associated with drug resis-

tance in response and drug — resistant epilepsy (DRE) groups

Response DRE
Gene SNP Genotype
(n=407) (n=153)
ADGRV1 16868972 GT 194 58
GG +TT 195 92
LAMB3 rs2076349 TT 119 63
CT +CC 250 87
LNPEP 1rs2303138 AA 99 23
GA + GG 301 123
SCN2A rs17183814 GG 263 117
GA + AA 126 33
SPATA31 rs1919128 GA 177 83
AA + GG 214 68
CRE

TR Tt 247 1) 52 0 PR 28 AR 22, Rl i DR PR 28 R AN
REMFBRIBUR T 24575 S5 W FE B PIL] . BRI, AR 5 i
WES 7 12 il s 51 o i 455 SNPs, 1M J5 75 560 5]
B R TIRIE, B TEIR AL B 2 8P S5m0 T 24 1Y
PO . AR RI, RAVERHMATE AAAE IR BERT SR
SELE WA 257 % (SCN2A rs17183814 Fil SPATA31
rs1919128 143 PR 2255 00 i 24 3 28 AH 5K .

TEARNERHARTE 7T, H AT, A STk SR, B B
ZEAL AT RE SO I 25 A0 ¢ , HAE FRAR & AT DA i R
PRSI IO R A o AR 2R 45 R 1, SRkt

TERRBER AR =485 R V) ih FH 25 77 %8 . SCN2A
rs17183814 il SPATA31 rs1919128 5t 2514 5.2
(P <0.05), Hif, SCN24 1517183814 GG 3t
% (OR =1.78,95%CI: 1.07 ~2.95,P <0.05)
1 SPATA31 11919128 GA J:[H B f % (OR=1.77,
95% CI. 1. 12 ~2.78 ,P <0. 05 ) 45 %5 5 19 005 Tt 25 )X
B, WL 3,

R3O 2R 2 A R AL R PO R 245 19 /9 0T logistic
534
Table 3 Binary logistic regression analysis for drug resistance in

DRE and monotherapy — effective groups

Variables OR (95% CI) P value
Weight 1.02(1.01,1.04) 0. 005
Presence of impaired awareness
No Reference -
Yes 1.99(1.26,3. 14) 0. 003
Initial medication
First — generation AEDs Reference -
Second — generation AEDs 0.56(0.35,0.89) 0.014
Neuroimaging
Normal Reference -
Malformation of cortical development 10.19(3.34,31.08)  <0.001
Hippocampal sclerosis 2.28(1.02,5.11) 0. 044
Hypoxic — ischemic 3.81(1.01,14.34) 0. 048
Vascular malformation 1.69(0.56,5.09) 0.351
Traumatic brain injury 0.72(0.13,4.15) 0.718
Tumor 2.29(0.59,8.81) 0.230
Dual pathologies 1.50(0.20,11.53) 0. 696
Abnormal nonepileptogenic 1.10(0.61,1.99) 0.761
SCN2A rs17183814
GA + AA Reference -
GG 1.78(1.07,2.95) 0. 027
SPATA31 rs1919128
AA + GG Reference -
GA 1.77(1.12,2.78) 0.014

AEDs:; Antiepileptic drugs ;OR: Odds ratio;CI; Confidence interval.

PER 2R B AN SRk DL R Sl i, ke A4 i -5
TR 254 3¢, 3 5 BE AR ARl — B0 e iR b
B 75 18D, SCHR s, A VR I B 52 1 B0 e TR e 1 W i ko
Fi A 15 7= A= R AN, 3 B0 DRE BB & & AR A 3 JZ
JR - Be R T ACHE SR AR 4 2605 T, SCik B
7N, S —ARPUEUIR 25 % O Uk B [ B T 2 A4
R IX RN B E 2 5 — AP 25 1) o AR RS
BAERITES Ry IR 2 5 S P H A 2 B A5 ) P
2T REL S L BAY T R B

SPATA31 J& T RIS S PE 4 14 10 56 4 72, 7 =2
U R ER AR, W RE SRS kAR RN R IR A R e R A
KB SPATAB] rs1919128 i fifvi F A 2 Bijefa
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