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Abstract

The neuronal voltage-gated sodium channel Nav1.2 is encoded by SCN2A gene. And it is one of the
four sodium channel analogues which expressed in the central nervous system. Nav1.2 is widely
distributed in the brain and participates in the initiation and conduction of a series of neuronal
action potentials. The epilepsy phenotype caused by SCN2A gene mutations has a wide spectrum,
and there is a strong correlation between types of gene mutations and clinical phenotype. And the
phenotype can be manifested as epilepsy with benign prognosis or epileptic encephalopathy. The
SCN2A gene mutations can be hereditary mutations or de novo mutations, and there are various
types of mutations, among which missense mutations are the most common. This article describes
the research advance of SCN2A gene mutation related-epilepsy in recent years, summarizes its
clinical and genetic characteristics, and provides new ideas for treatment.
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1. 5|8

TaIRAEAPIE R WOl 2 —, 5 AR SRR o, tHa A R S0 %
0.4%~0.7%, HIMAE)LEH AR T[], SRE R S B0a5) ORGERERT . NIRRT HS
MR ECE H B RS EL, TR T T R D AR (A R R AR AR . AN T E
B SCN2A JERIAL T etttk 2q24.3, 1234 K RAZ T SR KRR R BIE ), BRI RN 25 515 TR
P M R R BRRG o SCN2A i PRI AT DA St (A 3 M B A%, FL R AR SRR AU 4 A RAR M AL 1 R A2
FERIRAR WAL AN, 8L PRAE AR S 0t R A 7] o 30 8 A A e P A AR AL 1) 77 T EBCAS R F
JEXSTIRE ST A AR KB BY, W ST ) A AR AL A% 35k DR SR AR S AR PR R 2 RV A SR, X T
W ETT A R B o

2. SCN2A B ERLEHIFTHEE
2.1. SCN2A HERSH

SCN2A K7 F N2 Y tik(2q24.3) b, A5 26 MMNE T, Zwtid 2005 NEIERR , Jn =4 NaV1.2
HARTIRMNE RGEREFVIANRIER B Z —, 5 R4 =ANiEIE 2L Navl.1 (SCN1A). Navl.3
(SCN3A). Navl.6 (SCN8A)— e =5 — RAIM & ualE WAL I & AL F[2].

2.2. Navl.2 944

Nav1.2 #2& B PYAN 5 BE AR AL &5 R 3 (T, 10, 10, TV)ZH A OB DU SR A 2 1, AR R dsi e 5 6 NS I A B
S1~86, H.A1 S1~S4 F Rk HL I BURSE LI, S4 K Al FEL AL I3, SXoF JBE P D, 1A 0] 0 L &7IMOn F b A 22 S TR A8
%, S5~S6 JEAFLIAAT DEKA e #6id %531, Navl.2 fE AR RIS KRG h AR 2, F B4

DOI: 10.12677/acrem.2021.92004 21 WM Z2 B 22 BT 7L


https://doi.org/10.12677/acrem.2021.92004
http://creativecommons.org/licenses/by/4.0/

EAL B

FEM B VPR A TR A IR B KRB R AL, HAERIT . W, SURME. i Bk, S5k
AL ARG G B YIR R IEERZHH, Navl.2 fll Navl.6 FEEM R A& chILRIE, miE
N B JE A B A M OR 4 D ) JE B R h R IA 4]

2.3. SCN2A EERIThEE

SCN2A FE:[Kl gt ) s [ T84 8 13838 Nav1.2, 23R3E TR E I Lz B WM G 4 B, 2%
Z 5 ALIIR AN T DR RN DU A AL AR 4, 7 Xy Ve 22 0 3 1 FLE AR TR BB A% 3 v
Mz R R E B AR . I, SCN2A SR RAE F 2w LI AP &/, (H it T e )kl
RAERHL RGN -

SCN2A RN RIBTFH I T YR, Rk 2R AT G, M2 e e th ol 3 S1EH, Xz
TEBNAE ALK A S AL SR G E #E(5], migRIAM 5 Navl.2 MIhREEIR KRR B4 SCNSA ZhisiK
Navl.6 R, —HZNEHAIH Navl.6 H3l, Navl.2 K45 BT sh 1k i 5 m & 7 SRR R 58, X2 7]
FRIRIIBIE AL AT LSS VE 2 ThRE, . S PRI SR PR e S . Sl 38 5 A S T 28 6] -

SCN2A J R0 4ERF IEH X M2 R G DI REARE W B2, Zwh% Nav1.2 () SCN2A R AERAS, 1%
SRR 2 TN MR A2 T IS (A5 R D RESR R, I AR T R O . B OLT, R TEiE A
TEMARS. BUEREMKIERE=MIEEREZ —, BERLELRE. KiE. RERE =LA 6
BENJR SRR IR, WS TIIEPTERIIREIRE, e B RS BA KA AL S, HAS e 1
TR ) DR R AR SO U AT S R =AM IR(2]. B SCN2A 5 [H (5 SR 5 2 i a8 B R 7 41 1 1
ANARART] FECNE TEIE R DR R, BRI TIEIE TR R . PR Il D RE IR S B A . B
SCRAR B R A BT A L A AL T8 IS Th RE A B BRI, o T A v B AR X A AL IR 5 0
TBIIREAN S, NIRAE R B SORAR A & R B e[ 7]+

3. SCN2A EEHR{EFAFE

SCN2A JE[A DL Jutafi 7 it A, 5k CIE 2 Fh SCN2A JERIRAZHKA, AFEH LR,
HE A B EL S R BB AN RAS . T R B RAR . BN AR AR, Hod LA SRR BN IL[8]. 3 4h,
SCN2A H:[R AL A] 3 A AL Ve RAL 8O AR RAR, SCHRARE : LR 2 W FilJ5 R R S8
A UETR . RAESORME ST AE L - B LR R AR SR B ) LBk R4 T 1 5500k 4 A 15 Kk B D iE 45 9]
[10], TOHrAERAEZ WTHEA REEAR R, . KEREZEEME11] ) LR AR E R A AR
[12]v Z2)LJEZE0E[13] Lennox-Gastaut 55 fIERIAS BE 73 288 1) 5 A A B P s [ 14155

4. SCN2A EFH =T FrEinmm A E

SCN2A R 5L R G R BHEYIMIE, SCN2A FER AT Al SECEUR . & g . i 2E. K
MU R 2R ARSI DA K He A 2 R SR . SCN2A FE[R 5838 B £ IME, AN[R) 9838 7 45 s Ji 1)
PRI &5, IZHEDR A 2 PN S5 A IE M BUR R R, 5 A S RN R AL AR [15], PR R B BREAS I
P AL S 0 R SCN2A FEPE] 15 DU R = R A O«

4.1. RMESFTEIL - %)Lﬁﬁﬁ(Benign Familial Neonate-Infant Epilepsy, BFNIE)

BFNIE A& —Fj i Qe to i B ML MmN, 2 1 IRIRIE ) SCN2A JERI AR FH G R, HARH
AIREA BT A RAS, WA R R BE RS . W B R MG S —RE 23 MPHASE, RE&—FMEIL
TEH A LR, FERMERBONTHE R R, dRxamtE e, RIER NG EZ 2Rk
ZIEPERR, (B R BRI R R IE R [13], —MRAE 2 & AU, /DE8 B (e ) LEE A H B At 2R AU 8
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i, EEERUR REF, BAWEMERGRBAE. RIEER, LRES TUSEIRIGT, BRZHEIL
WLE 1 B UNGAR, A ILHIRREAT AL — 2 H IRTE

4.2. B RS

X PR R W] 7 NPIAER AL, DT HART 3 ke, X240 T Il 259677 [ A
PR, 0TS K P H A 2R e 3 R = SO R [12]

4.2.1. RRERNT 3 AR

WwAE RS 3 AL, 2T A LA, R Ry Rk SR e SR E R AR K
PEFNEZE, FR4 T IHF R SR A AE, i W2 K H 25 & 1E(Otawara Syndrome, OS)F122 ) LI 11:iF
&M R & VE (Epilepsy of infancy with migrating focal seizures, EIMFS). XS54 I8 5 4N IE 18 ) fe b
584 A (Gain-of-function, GOF), 418 [ VAT A 2L, JEHRIRZI, 60% 5 JLAVEIN il 45 242,
Hrp 23 75 1 B WM, 1/3 1 )LEIAZEAE16].

4.2.2. RRERKT 3 AR

WA E RS 3 A, 21 4 2 201k AE, IR B HEEE JLIZEZE0E  Lennox-Gastaut ZEA1iE
JUUREZE 5 B0 . Dravet FEZRAAEFIASBE 73 28 I R MR M Mo 55 o 1 28 T3 (0, 45 e 3 Ty e
A GE7AR (Loss-of-function, LOF)534A GOF 1 LOF KT AR . B3 38 P 77 0t X i o sk, HE T
BE S EURUR R AEINE, AR B IE BRI AT A 2. XN 45 A A A R AR 290 LU, 1R
1A 35%ANE B ZfR[17].

X P LR M i 5 L3 ARG A R A, TR R R R I, AR A R EN KSR AIE
ORI E IR, (EX R A R HR A A 2 A IRAE[ 18], WATHURE TS R FERS . WLTK iR . iBEhERE .
R T TR/ s N 2R 4E . BRI B A R ARE R A R 2.

4.3. IIHAEE REER/E HER

REpOmEEANEE 6 ANKEILR, MR FIRENERNE S KEER%. X
REH MERGRIT I NBAT SR, JB485 b NS0 ar IO IR 32, Wl T 2R a01E, RO E3)
SRR AZ i B S HRAR S, XAt N ARSI S SONR B 294 1/3 Bl B A1, S HAE 18 A &
4 % 28], SXIRAGEH Y INEIE D RE B AR T RAS, X ARANIEIE B FVG T SRN[19], oW KA FE R 5
KEMEBAR, Feale sk e mit o ik s #hE.

SCN2A FENRAAMSC A, K F UV E FIEERH, WK RGP0 K2,
SRS, A RAE RN A A, (B L EAE BN . R AT RER S AN . O EE
i 71 SN SCN2A (A A SR AR T REAF AR OG o U1 A0 O AR 50 S AZ T S BN IEIE iE VG, 3 LAAi IE
BRI N6 T e ROR RLAF, T I A AR S A U 22 S0 ph s 8 DY RE DR AR 24 0k, T LU I B 77 AN X
TR EL 5] e S BUROIR A A INE [ 14].

5. INGG

ARSI R FENS T SCN2A 3 i R A JM 51l PR 2 A O AR BT W I A . SCN2A JE R SR 7Y
LR, HA SRR, SCN2A HE K948 T3 Nav1.2 3818 D) R RS UL 2 o A F I Z R =,
T A SR G e R I A 22 70 R B RS R Nav 1.2 SB3E DY RE I H AR A T TR T R AL
B ARRIE DB M AN, R BB A% 27 E FU IR AT — 2 e, AT A 58 22 07 00 25 (R U 265
KT RVETTRUR -

DOI: 10.12677/acrem.2021.92004 23 MEIH 202 = 2495 AT 5L


https://doi.org/10.12677/acrem.2021.92004

EAL B

SE

(1]

(3]

(6]

(7]

[10]

(1]

[12]

[13]

[14]

[13]

[18]

[19]

Maloney, E.M., Chaila, E., O’Reilly, L], et al. (2020) The Incidence of First Seizures, Epilepsy and Seizure Mimics in
a Geographically Defined Area. Neurology, 95, €576-¢590.

Hedrich, U., Lauxmann, S. and Lerche, H. (2019) SCN2A Channelopathies: Mechanisms and Models. Epilepsia, 60,
S68-S76. https://doi.org/10.1111/epi.14731

Mason, E.R., Wu, F., ef al. (2019) Resurgent and Gating Pore Currents Induced by De Novo SCN2A Epilepsy Muta-
tions. eNeuro, 6, ENEURO.0141-19. https://doi.org/10.1523/ENEURO.0141-19.2019

IRz, B, WREL 4. 5 4] SCN2A Kb A AR AR SR P o 580 L B I PRARFALE 2 225 DR AR 73 A D). 5 5 o
Z A H 2R AR, 2020, 29(5): 257-261.

Reynolds, C., King, M.D. and Gorman, K.M. (2020) The Phenotypic Spectrum of SCN2A-Related Epilepsy. European
Journal of Paediatric Neurology, 24, 117-122. https://doi.org/10.1016/j.ejpn.2019.12.016

Adney, S.K., Millichap, J.J., DeKeyser, J.M., et al. (2020) Functional and Pharmacological Evaluation of a Novel
SCN2A Variant Linked to Early-Onset Epilepsy. Annals of Clinical and Translational Neurology, 7, 1488-1501.
https://doi.org/10.1002/acn3.51105

Begemann, A., Acufia, M.A., Zweier, M., et al. (2019) Further Corroboration of Distinct Functional Features in
SCN2A Variants Causing Intellectual Disability or Epileptic Phenotypes. Molecular Medicine, 25, Article No. 6.
https://doi.org/10.1186/s10020-019-0073-6

Lauxmann, S., Verbeek, N.E., Liu, Y., ef al. (2018) Relationship of Electrophysiological Dysfunction and Clinical Se-
verity in SCN2A-Related Epilepsies. Human Mutation, 39, 1942-1956. https://doi.org/10.1002/humu.23619

Sugawara, T., Tsurubuchi, Y., Agarwala, K.L., et al. (2001) A Missense Mutation of the Na" Channel Alpha II Subunit
Gene Na(v)1.2 in a Patient with Febrile and Afebrile Seizures Causes Channel Dysfunction. Proceedings of the Na-
tional Academy of Sciences of the United States of America, 98, 6384-6389. https://doi.org/10.1073/pnas.111065098

Zara, F., Specchio, N., Striano, P., ef al. (2013) Genetic Testing in Benign Familial Epilepsies of the First Year of Life:
Clinical and Diagnostic Significance. Epilepsia, 54, 425-436. https://doi.org/10.1111/epi.12089

Nakamura, K., Kato, M., Osaka, H., et al. (2013) Clinical Spectrum of SCN2A Mutations Expanding to Ohtahara Syn-
drome. Neurology, 81, 992-998. https://doi.org/10.1212/WNL.0b013e3182a43e57

Howell, K.B., et al. (2015) SCN2A Encephalopathy a Major Cause of Epilepsy of Infancy with Migrating Focal Sei-
zures. Neurology, 85, 958-966. https://doi.org/10.1212/WNL.0000000000001926

Wolff, M., Brunklaus, A. and Zuberi, S.M. (2019) Phenotypic Spectrum and Genetics of SCN2A-Related Disorders,
Treatment Options, and Outcomes in Epilepsy and Beyond. Epilepsia, 60, S59-S67. https://doi.org/10.1111/epi.14935

Wolff, M., Johannesen, K.M., Hedrich, U.B.S., et al. (2017) Genetic and Phenotypic Heterogeneity Suggest Therapeu-
tic Implications in SCN2A-Related Disorders. Brain: A Journal of Neurology, 140, 1316-1336.
https://doi.org/10.1093/brain/awx054

Su, D.J., Lu, J.F.,, Lin, L.J., et al. (2018) SCN2A Mutation in an Infant Presenting with Migrating Focal Seizures and
Infantile Spasm Responsive to a Ketogenic Diet. Brain & Development, 40, 724-727.
https://doi.org/10.1016/j.braindev.2018.03.005

Melikishvili, G., Dulac, O. and Gataullina, S. (2020) Neonatal SCN2A Encephalopathy: A Peculiar Recognizable
Electroclinical Sequence. Epilepsy & Behavior, 111, Article ID: 107187. https://doi.org/10.1016/j.yebeh.2020.107187
Kong, Y., Yan, K., Hu, L., ef al. (2018) Association between SCN1A and SCN2A Mutations and Clinical/EEG Fea-
tures in Chinese Patients from Epilepsy or Severe Seizures. Clinica Chimica Acta, 483, 14-19.
https://doi.org/10.1016/j.cca.2018.03.027

Zhou, P., He, N., Zhang, J.W., et al. (2018) Novel Mutations and Phenotypes of Epilepsy-Associated Genes in Epilep-
tic Encephalopathies. Genes, Brain and Behavior, 17, €12456. https://doi.org/10.1111/gbb.12456

Deborah, J.M. and Marc-Antoine, C. (2020) Neurodevelopmental Disorders—The History and Future of a Diagnostic
Concept. Dialogues in Clinical Neuroscience, 22, 65-72. https://doi.org/10.31887/DCNS.2020.22.1/macrocq

DOI: 10.12677/acrem.2021.92004 24 MEIH 202 = 2495 AT 5L


https://doi.org/10.12677/acrem.2021.92004
https://doi.org/10.1111/epi.14731
https://doi.org/10.1523/ENEURO.0141-19.2019
https://doi.org/10.1016/j.ejpn.2019.12.016
https://doi.org/10.1002/acn3.51105
https://doi.org/10.1186/s10020-019-0073-6
https://doi.org/10.1002/humu.23619
https://doi.org/10.1073/pnas.111065098
https://doi.org/10.1111/epi.12089
https://doi.org/10.1212/WNL.0b013e3182a43e57
https://doi.org/10.1212/WNL.0000000000001926
https://doi.org/10.1111/epi.14935
https://doi.org/10.1093/brain/awx054
https://doi.org/10.1016/j.braindev.2018.03.005
https://doi.org/10.1016/j.yebeh.2020.107187
https://doi.org/10.1016/j.cca.2018.03.027
https://doi.org/10.1111/gbb.12456
https://doi.org/10.31887/DCNS.2020.22.1/macrocq

	SCN2A基因突变相关的癫痫研究进展
	摘  要
	关键词
	Research Advances in Epilepsy Related to SCN2A Gene Mutation 
	Abstract
	Keywords
	1. 引言
	2. SCN2A基因的结构和功能
	2.1. SCN2A基因的结构
	2.2. Nav1.2的结构
	2.3. SCN2A基因的功能

	3. SCN2A基因的遗传学特征
	4. SCN2A基因突变所致癫痫类型
	4.1. 良性家族性新生儿–婴儿癫痫(Benign Familial Neonate-Infant Epilepsy, BFNIE)
	4.2. 癫痫性脑病
	4.2.1. 发病年龄小于3月龄
	4.2.2. 发病年龄大于3月龄

	4.3. 孤独症谱系障碍/智力障碍

	5. 小结
	参考文献

