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Background: Epileptic seizures have been observed to have a multitude of cyclic patterns. In partic-
ular, several studies have investigated circadian rhythms (i.e., the biological changes that follow a 24-
hour cycle) in people with epilepsy. A few studies have identified genetic variants associated with
nocturnal frontal lobe epilepsy, suggesting a genetic link between epilepsy and circadian rhythm-re-
lated genes.

Methods: We created a panel of 40 circadian rhythm-related genes and analyzed the coding se-
quences of these genes in patients who reported predominant nighttime seizures (nocturnal epilep-
sy) and those without such seizures. We also collected and analyzed demographic data, clinical char-
acteristics, and questionnaires related to sleep quality and other measures.

Results: A total of 45 patients with epilepsy were enrolled, including 19 patients with nocturnal epi-
lepsy. No variants were significantly associated with nocturnal epilepsy. In a ClinVar search, one of
the patients with nocturnal epilepsy had a missense variant of uncertain significance in the choliner-
gic receptor nicotinic beta 2 subunit gene.

Conclusions: Nocturnal frontal lobe epilepsy has recently been renamed sleep-related hypermotor
epilepsy because patients exhibit non-nocturnal sleep-related seizures and seizures arise from re-
gions other than the frontal lobe. These negative results indicate that the polygenic nature of genetic
influences on nocturnal epilepsy or sleep-related mechanisms predominates, rather than circadian
rhythmic-related pathobiology.
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oAtk By ozt W2 (nocturnal seizure)°] S44Q1 HAFH ¥
A5 71 did oz AAY AFoM IF7] Ble= 1125
A| o2 Zlo] sj112] o4 ZFelrt. el KCNTL, NPRL3
0] oFF A% =] 5 (nocturnal frontal lobe epilepsy)¥ A¥H=]
o] 9kgo] WEE LM, ol SHASt HHFe 977 25
Aol A2 AMRIER LdF7] 2leS ARt /4 A7t
38 & 5 ok HHSL et UUS v Heko g
o] SE F AT AFV] HlES 7= Aol EAISHH ot
Hzto] FEIHA = PSS dfer dF7] 250l Holske
A} Hol & RARE 739 ofth A e] AR S 3 7 A
o 3lof 75 Bt shelo] Wl 3 QAT offh Whg
Hol= SHES o2 I57] 25l #ofdtthar 433 4
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1. A 24
20194 9EHE 20224 1Y€ Ato] ASthetuH HollA B[S0
2 Xk 1840014 8541 AtolQ] ARl iAo R mRsH o
o, HH50] dAyo] §-4AQ1 o] 4 &HEo] =2 iRt
RS sl 404 o]Fo] A H2RS AT A5 g2 5%
ot E3H A7 ZHIAONA HASS e = = HER, S
& 59 T Wl WHo] gle AR = Y € 413
oA x| o] OAE]R] Qb= A2 A gttt o]

TS 2O ShGinh 53] oy AR AT 43] o
ol ofzk o] H -5 ot A o g Esiglont o
o o= AR gich Wzhe] A7) e o HE o
517] g_lst7] of 2l A= Aol A L5t

2 A= AdstEd oetatag by 5=
dro} A| 3519 O H(IRB No. 1904-087-1026), Aol T3l A8
T AU E HET A+AE Y oE Jgstoitt.

2. Y AR L AA 57
Q0] Folsh Tz Uol, 98, W Lol 18,
S, A Y, HER, 71, B, M 47, M A1BHA

2745 sk, KA AARE 9l EDTA (ethylenedi-
aminetetraacetic acid) 520l @H AAS SHFI T RS
o] &9 ¥ H7HE fisto] St=ojwt =¥ T 1| A A5
(Korean version of the Pittsburgh Sleep Quality Index, PSQI),”
= A4 &5 F % (Korean version of the Epworth Sleepi-
ness Scale, ESS),"” g1t 3l AdF7] 89 ZEXA|(Korean ver-
sion of the Munich Chronotype Questionnaire, MCTQ)11 2 g}
2% 2% A¥ T+ (Korean version of the Patient Health

Questionnaire-9, PHQ-9)""& AF&3}31t}.

71& 47| geol Fojols AoR B FAES vEe
= CHRNA2, CHRNA4, CHRNB2, KCNT1, DEPDCS,
NPRL2, NPRL3, CRH, PRIMAI, STX1B, CABP4, PPT1,
TSC1, CLOCK, NPAS2, ARNTL, PERI, PER2, PER3, CRY1,
CRY2, NRIDI1, NRID2, RORA, RORB, RORC, TEF, DBP,
HLF, NFIL3, CSNKI1D, CSNKIE, FBXL3, SIRT1, PPARG-
CIlA, BHLHE40, BHLHE41, HDAC3, NCORI1, NCOR2 % 40
7 kel tiell panels g5kt ZH §844H9] coding se-
quence®] Hi5fiA]= Celemics target enrichment kit (Celemics,
Seoul, Korea)= €-85}9] hybridization-based capture *4] 0=
47} §lo] HHE ZRlstint.

4. BA ¥4

SAALE frolgt WMol & &]lst] 13 Wilcoxon signed-rank
test T= Fisher exact testE AF8oFH oM, thF H] W (multiple
comparison)©]| 2|3} false discovery rateS H735}7] 9|54 Ben-
jamini-Hochberg 'H-Z& 283t 27 PEZ AME-5H3lHH

2t

T 45780IA BAZ
region®]| T2t B4t sequencing depthi= 380-576 Al 2 F-H3F
tlo|8 & dof thidAE sid& /95t ZF fRtol| gt o)
£ glskitt.

B4 A3} F o9 = 282719 01, o]F ofw|iAke] WS}
I 1= &2 ¥o](synonymous variant)E A 2J5HH & 180742
o7} TAE QUL F 2719] HoloA FAFCE {2l Ho]
TEE oYt Bl o] gt A o] $ofl= SAX SR &
t 2ol £ Hol= WHo |7} §igleh. E3 gRIH 27 5 V= &
O] YA SHt= intron Y] $10]1 2™, coding se-
quence W WHol]= "WAEA] ottt 3L, o] 27 ¥ol= gkl
oA W=7} Z+2F 0.11, 0.69% H]12] &3t HHol(common vari-
ant) = FRI=|THTable 2). TFF §o]7} &F FLoflA] ERI=|= H]
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Table 1. Clinical characteristics of the study population

Characteristic Nocturnal epilepsy group (n = 19) Control group (n = 26) P-value
Age (yr) 335+812 326 £ 105 0.621
31.0(23.0-50.0) 31.0(18.0-61.0)
Sex
Female 9(47.4) 9(34.6) 0.539
Male 10 (52.6) 17 (654)
Age of onset (yr) 20.1 £ 13.8 16.8 £ 9.77 0.679
17.0 (3.00-49.0) 15.5 (2.00-53.0)
Height 168 £ 9.52 167 £ 7.80 0.525
167 (147-184) 167 (153-181)
Missing 0(0) 2(7.7)
Weight 69.1 £ 14.7 69.1 £ 14.6 0.951
70.0 (49.3-105) 70.1 (42.0-102)
Missing 0(0) 2(7.7)
Diagnosis
Frontal lobe epilepsy 14(73.7) 3(11.5) <0.001
Temporal lobe epilepsy 2(10.5) 10 (38.5)
Idiopathic generalized epilepsy 2(10.5) 10 (38.5)
Unknown 1(5.3) 3(11.5)
Values are presented as mean * standard deviation and median (range), or number (%).
% 4 WA}H](odds ratio)i= ZF HoEE Z}o|7} Q19 0w (Fig. 1), S AT 4R Hol= HARR] doror, A7 BlE3t
&F ol ZF HoEE XA|sh= HlE Apo|7F 20% oM H w T fAAECNA 71 dEXl EE-5(pathogenic potentlal)
AJH] 7} 2 o4 = 1/2 ©]5HHA] Fisher exact test 2ZHFP < 0.1 & 7HA= 84 ¥o] HA] ERIEA] Attt 712 X8yt 4
of siFsts Hole & 6717 ERIE oY o] F3Me T W W AR FUlOlA oz WA Add FEANA s FE

o]of| s g5 AHTable 3).

A WFA 7 BA] 52 alefste] 312 wolet /17t
H ¥ (phenotype) 7+9] L7 TA o s Aol w2
Var Hlo|EH[o]AE ZARRE AF} “pathogenic” E “likely patho-
genic’ ]| SF5t= Hol= ZRAEA] kO™, “uncertain signifi-
cance’ = 37ll, “conflicting interpretations of pathogenicity’ = 2
7ie] ¥ol7}t ghelo] E Q=] ofzt WA 2} Foll= 178Ho]
“uncertain significance”l| S @5H= 2. F°](missense variant)
7} cholinergic receptor nicotinic beta 2 subunit (CHRNB2) 94
ZF Wl Al ERI= QeK(Table 4).

AT FofA s e g gt = AEHAF 4 PSQL, PHQ-9,
MCTQ, ESS S&lolA +2J3t Aol & Hol= =2 gllen,
A5 o A= PSQI 5 C2 F-E(sleep onset latency) <=0l A]
FoJgt ZpolE HATHP = 0.034). °]= ot W2} xjofA] 3
F 0.737, 204 Bt 1.38°100H 5919k & o 12 2

o7} LhA] ggkek(Table §). C2 H2-2 EFT YEAN G2 5
£ 2404 Sl 282709 S84 olg BAZ R Aue
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AFAE AT eAte] A7t ot 1 Fofl TS 42|

= Aol 3lom, oo ofgto] F=2 RS A0 7= HAZ
3 nocturnal frontal lobe epilepsy (NFLE)gh= 8015 AE-9]
o] e} o]t BRSO A] oFHnocturnal) 9] W A7 SOl
I Aste] WA St A3 Holl, o]& tFEo] hy-
permotor seizure’} 7 o|H, o]g|gt EAH QI WAS Hol=
A=A G 7D F-2(epileptogenic zone)7F SFEA] A5+
AL 287} gltk= Aol A sleep related hypermotor epilepsy
(SHE)ZH: gol2 W7sho] A&t Aol Qo] AAE
NFLEETH= SHEZH= 80l8 ARgotal Qitt.” SHEzZH:= &
oML Srizte] Aol 72 Elo] Yot ojeh W HHE
o] 97] Weig LIk AT AIE A BAEo] HL by
permotor seizure ¥/3°] obd FAELE JJOEE SHERE &7
S BAES Q%7193 B Qo Bes] S v
olel T FeHsto] B of2lg 2 Urk. olo] & AToIME &
77] BEo] FTS F > A HAABE] §174 Wolg 24}
5lo] SHE = NFLEE E55% 3x150] 437] % 947
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