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[ Abstract]  Objective

and TSC2 genes as the pathogenic genes. The purpose of our study was to analyze the gene mutation in

Tuberous sclerosis complex (TSC) is a multi-system disease with TSC1

patients with TSC with epilepsy as the main clinical manifestation. The relationship between genotype and
phenotype, scalp EEG in patients was analyzed. Methods The peripheral blood was extracted from 43
patients and their families. TSC gene was detected by second-generation sequencing. Long-term video EEG
monitoring and MRI examination were performed to determine the onset area, seizure type and location of
nodules. Results 39 patients had TSC gene mutation, 4 patients did not detect the gene mutation. 11 had
TSC1 mutations and 28 had TSC2 mutations. 22 mutations were de novo. Patients with TSC2 mutations had
earlier seizure and more nodules than patients with TSC1 mutations, but no significant difference in
intelligence and spasm were observed. 28 patients had focal origin of scalp EEG,of which 85.7% of TSC2
mutations patients had focal origin. Conclusions Patients of TSC2 mutations always has an early onset age.
Although MRI shows multiple nodules, the onset of EEG is mainly focal origin.

[ Key words ] Tuberous sclerosis complex;

DOI:10.3760/cma.j.issn.0376-2491.2020.02.011

Epilepsy; TSC gene mutation

-l RS -

2595 A 4L (tuberous sclerosis complex, TSC)
J& H1 TSC1 Fl TSC2 i PH 9878 T 3 1) — Tl i e (44
B ARSI | e R 3R 30 A T 107 £ A
i ARV TIART , 53 A A O E B N 25 22
JE#R5Z 22, RIRFEH 1/6 000~1/10 000", HRAEECH

KL BYATA] 5 TSC 43 TSC1 IR TSC2 Y, TSC1
FEDRIRN TSC2 PR 147 A b gg 4 il S B, 47 TSC1 A
B TSC2 A & R 5878, fff mTOR & 45 ¥ 1 (mTOR
complex 1, mTORC1) {55/ T B 558 0 , 331
TSCH LA s TSC F B IR IR0 1) i 4



rPARE AR 2020 451 7 14 HEE 100 5552 Natl Med J China, January 14, 2020, Vol. 100, No. 2 -137-

HONZTYIMEIR PRI, TSC (I R R IRIEE R 2
RIZFPZ R R C 2 R CT TSCHE R Al
il PRERBY 22 [A] (4 56 ZR ROBIFSE , (EL 2 ik DX 5
I PRI 22 0] (4 5 ZR TS AN B f , L A7 et 4 2R
AN—ECHERTE S FAh, BRI AL 5 ik R
T2 (6] AT ST LU 2 , (ELR: TSC AR A 2R 5 i F8
Jii FEL P 22 ] 9 5 BRI SR T AN 22 L

MEE5TE

1%F4 8 2015 4F 12 H £ 201945 8 A ski2
FAHHER S IR BB 0 1) 43 1) 222 R 3R
P MR ) TSC 8, o 55 24 401, 20 19 il A
R AETE 3 d~11% 413340 0 iR
RTAH~29% R L 7 H ~184F, 433
BIEAT 3R AL A> 1040 H 2500697, ¥ s

2. 75 ¥k R E BRbR A 10-20 22 40 K i 1] A4
SRR ik v (8], B9 B B HEAT TR AR W, BH
T R AR R DX, Bff e R AE2S T, W DR R 1~7 d,
MR AE2~20 o JaR B 5 153 AR s 2017 41 [ PR
ORI (ILAE) & X7 A A 35 St i
PeAH o X AR A I PR BB B R AR S R T
I RZER S R AR K R LR TS Y AT T
A 58T o

XA B RS T AT 4 A B 4
Do BEPRASHI « CORZIN T3 R 440 -2 )
¥, 2 F Mumina £ A 5 F 75, R H Agilent
SSELXT Human All Exon V6 #EA 743K E 12 , WA Ui
(Paired-End) Il 5 5 1% . Raw data>10G, Q30>80%,
() AW15E B AT 528 S i {3 HLJE
IR BCE 1 bel2fastq K .bel 7 3 il fastq S, If
i I BWA , Samtools Fll Picard A5 reads FEXT 2] A
2% % 3 A 4 GRCh38/hg38, 4 ik,
B .bam SCHR F GATK 251 4Kk 14 3t
11 IR L ek, B 91 LB IFE
AR S 4 o Adi ) Annovar ¥ .vef 28
ST AR SR, MRPESEE R
8 L 2 5 R 4 224 45 (ACMG)
oy 245w DA AR I R R AL A T
oA S . AR
ARG A 55 AR I DR 3R U AH DG A 3K

[Fi) sf 4 T BRI

3. Gt A AT T % SR FH SPSS 25.0 F 41748
P b o THECTE R B (% ) o, 4L 1a] H A
Fisher {5 A MEZR A0 , K 357K 14 0.05

s R

1. FE DR ARG I 45 5 - 43 45 v 39 451] (90.7% ) #s:
D 4 TSC K& A 9742, 4 451] (9.3% ) A A I 1 66 PA] 2
A% o 39 5 TSC KL H 28 4% (B 3 v 1146124 TSC1 5& A
RAR 15 28.29%; 28 {51 TSC2 FEHN AR, 15 71.8%;
22151 FR A FE R R AR A B AR RAR 15 51.2%

2.3k iz Wik e 1 < 43 451] 42 51 7 S it K AR A AT
ik FE P e ) 1) T PR A o B ik L R e ey
B Ry Jry kb MR IR AR SRy bk e U . 43 i3k Bz
i L P ) B9340 kg Z2 i X PR Bl T 43 A . 30441
KA L R Ry kAR R (] 1) o 28 51 TSC2 7Y
ERE ARG R PR R Y 24491 (85.7% ) , Hidx
4B A TR R . 1141 TSC1 Y & A i L 1 sy At
PERSUR A 7 4 4], Hods 5 0 £ 5 o0 S PR IR, 2 9]
i Fi, P O TP A U A SR R R I R R
R EARE PR EEREREA 2 G
(66.7%) , 1 By PR IR , 2R A GIHFE L,
P<0.05. 7T Jay kPR JR ) £ oh B AR IR X
14 B4R T4 H e 1X, 8 Bl 4 T S Xk,
1 B4R FHX, 4 B 4G 1Tk E8, 3 Hili 1 F—
IIRESE

3R EL 316 1 2 Z i (&1 %),
17 72.1%;9 10 1~3 % s (1453 %) , 15 20.9%;
343 % Z G, & 7.0%, TSC2 A H #F-1ii
TGRS 6.6 4 H , TSC1 Y i 2 S 24 i 4F I
1.6 H o BHRFREKEE 115, KK HE
HIZAE . Geil=#orbr B, = BRI di

e : ‘ BT LG4RS AL TSC2 7 5705 R FORE SRR 2600 3 DRI S T2flaie 55 52
AL 5L 1L 22 2R — X Sanger WP (22 3 ) | 57 UMK 22402545 , 07 WL AUBUARIE KOO T s e e ot
FARATIUE, WSRA DCEFEARM S s £ a2



-138- PAEE AR 2020 4F 1 A 14 HES 100 555210 Natl Med J China, January 14, 2020, Vol. 100, No. 2

Z R IG 2 L, P>0.05, {2 TSC2 7 i i
AERRIIIE3 2 Z I (R 1),

Fie FE IR A AR5 R 3 40, BV B Hd
BRI K<t I, =F RAEWR 22 58 Gt e =
X, P<0.001; TSC2 Y FEAS |- e A A1 5 Sl Bl ikd
TSC1 BIFUA DI 5738 J A e 3 b o] i 25 5%
43 {51 (B FAE S IO AR BT R iz s R B ¥R IE
BB S LS B ) R B B HARA A
AR BE T8 o, 18 i 3 4l 25 S E g2 X
(P>0.05),

43 5 J 3 17 AT R AR B, o 14 5] RS 28
AR A I G5 o HA Y R AR 7
SEZER O T 3 22 RS E R L, P>0.05. A
3BIRSHMIS REEZE KA, 3 GRS AR 4351 44~
H 35 40AMIZTAH o 1468 E AR
FE10NH LA o 15 4 35 vh TSC2 36 P 28 A8 i B

RE TP AP LA, 3 BN EE R AR, 2 ) R it
FEiz 3l AR 2612 B B A . AR R I 548
oo 3 R IR T AR, Hed 249158 B hiE &
1B 1B R A

45152 E B DL - 43 ) B A G AL IR A A 25 SR
g595 (1 2) X85 Bom Mg i T gt e &
B, TSC1 455 B 3/, 3 95 4, 241 8.6 15
TSC2 45 TR AL 7204, 1 25.7 4~ Rk I3
R A s g 46 4>, F I 11541 (% 2) .
TSC2 B 45T 5t iz 2 T HAN P FP 5 AR A 4
ERR TR LAY s R R I L S VNG AL
25T RLIE 25 S 5T L T 25 7T, TSC1 A
TSC2 AR AT 251 2 (% 2),

R2 ATIIEREL R R A A DL
Bk (1)

Z UL, 1L, (5 73.3%; TSC1 JE FI 5248 1 20 L, Sy ::; TSC2HEH  TSCISEH R Hﬁ(z)]
419, 145 26.6% ; A A ALK 548 2491, 15 13.3% RE R ERRZ
TSC2RBH P OINI LKA 2B B '] ey
I 4B BRI RN 2600 SR AR 20 ” # Lo
WEZS S A 1 DR o -2 S A 1 b R 1 ot . ; 0 sa(63)
FaE ELEAE , 1B R B R ARG 41 A, LB h s 9 1 1 11(1.3)
ftkizs shPE & AR, 1 R B AL Bz s & AR, 161 it 86 7 1 94(10.9)
Rk EL-PEEE AR 3 AR R 2R R A . TSCL B ait 720 95 46 861(100)
F1 SRR GRS O S B 22 AR G R
. Hoi (i) it
HAL TSC2 AL TSC1IERGEE REBIERIT [fil(7e) ] Pl
AR (%) 0.074
<1 21 8 2 31(72.1)
1~3 7 1 1 9(20.9)
>3 0 2 1 3(7.0)
i L PR I 0.004
Akt 4 7 1 12(27.9)
JeykbpE 24 4 2 30(70.0)
FANEAA 0.001
Kr1ov/d 1 5 0 6(14.0)
Bk/d 25 3 31(72.1)
<1/ 2 3 1 6(14.0)
[ PR tA 1
1EH 4 1 5(11.6)
% 24 10 38(88.4)
e 1
2 11 4 2 17(39.5)
i 17 7 2 26(60.5)

TE AR R A 10 i) A i B U 2 A B 2 9 e P R R kM TR A [ JE



FpAE PR AR 2020 4E 1 A 14 HEE 100 #5524 Natl Med J China, January 14, 2020, Vol. 100, No. 2 -139-

i | R T A N i
S P S, < —h i O camm
L e ks Kiomac it
e R B " H oy
i ."van'wavh\-;‘ﬂuw.w Mg Sumlilong g M ipnf vivm PR
- _ﬁ'ﬂ;w-ﬂ-.--ﬂwrh'——

v gt
T s e W .",»\""'",_’__ o A WL

| I Qe Sy o

PR

] S——— PR =

e L
e e e il e
arer ¢ - - e
- - s ., g % o v
" e . e s
. o s e Y A L e

&) S ~ :

! - £  aas s N
4 _‘)‘* Lo L S T PR i VSTV et i
‘1‘\_ s AP P ooy, [ A, -;3,.1«"* P "
e et e ¥
i “ g o
» - L s = gy-=
i fy s i —av. 4 s B

A= — e s e

¥

B2 1070 TSC2 BEDH S i AN FEL P12 SR, e AU iy D o O b ol T DXARRIBE AR 1 eV M RS 0 , 5 Sk DA Ml . P A DT

Wit

SR 28 2 TSC B R EEBE i I 2R A
PR AE N TSC 1 EZLER , W R R i i T AR
K GFUHE . AR TSC 3 KRR PR 2% 50 22 8] 4 G
FRA I HIE 22 0L , {2 3k PR 78 5 0 £
HL L 22 [] () 6 RAH S e i b

PEAE , TSC2 B 5 AR K it L TSC1 B R 58748
B2, KN SAES  (HAIFIE & B, TSC2 LR 2
AR O TSC1 B A 52 A B 1 2.5 %, LA B4
TBER R 3 I 2 25 R R MR B . Sl
80% HE 3 BRI KNG, 67% HBE 1 B kWK, A
WFFEEE S5 SRR E AR — 2L

A SCHRARE , 40%~70% B E A TR, 8
BB ST 50% B E TR AL 43 i
BAERLRET IR I ARSI & fe A 5 191
B JIEH LR PR AT Re R K 0N & VR S B0
B, JUT LA AR S B S s S A s 1 0%
Ja I BRI . A SO IE TSC2 A4 [ TSC1 A4 iy
INFI TR B, AR RM, ER 7
TSC2 BIFITSC1 BITCHH b 25 5 . 51138 J 1E 5 1) A8
BT BAKRMBERSR W EBHX, B
FIT 10 A DL AH GG

FEVIAE ) 22 0 SCHR B H TSC2 24 1L TSC1 A
I RFEIUTE =2 1 ARAFSE R IR, TSC2 RS-
A AFIE LU TSCL A PSR AE IS /)N, {H 2 TSC2 A
FITSC1 BB ) SR 28 )5 T 25 S TG 2 XL,
TSC2 4 kb TSC1 AU PR 2% 8™ 5 (ML H A A
TR 48, HEN AT BESZ TSC1 AN TSC2 3 K 4 5 1 9 i A
[\, ATt S B0 mTOR G@ 18 A fF 2 5% . TSC2 %
[H 2 AR AR A ] BE i mTOR 38 318 5 375 R M 1717 5 B0
IRFEH = E ", RS THLHI R A BR
R (R 2 DR BRI PR L 22 [B] ) 06 RIS A
FENCH F I N BE AR i 5 DAL A I I R

TP,
TSC1 Y rp & AE 1A i ri 1] 4 T P S VR R 22, 4
MR R AT B RAELH ST IR T2 R4S,
AR TSC2 AY b TSC1 AU 4515 Bt 22, {H & TSC2 #Y
Lt TSC1 R % A 109 g e [0 o8 Jey ke, H RTAIL A W
2, TSCHUR ZAE LA b K ir 2 WL AR 2
(AR R SR A/ (A 2 R B R PR 4 1 £
HEBELF Y XZ I,

1 F TSC BE I RE LR A 2 I 24457,
s R A L PR AN e —— X B [ 9 R, RVt g
PR LA R ] B CFRATS Sh 22 G DX B
AR, Jacobs % T HFST A5 R BIR , 45T UREB 1)
FUTA S5, HEDE TR 2 /MW 2508 520, 3 Bl o 2%
B

ML, TSC2 AU F 35 L TSC 1 R R o
TSC2 Fk R 545 £ 5 R A3 o Hh [T DA Ry kP A 5 Ay
Fo TSCEEE 12502 i TR0 2 1E =30, Al
FEHRRIKRZA K,
R A (R IR R AR 25 h

2 £ X W

M

[1]  Crino PB, Nathanson KL, Petri Henske E. The tuberous
sclerosis complex [J].N Engl ] Med, 2006,355(13):1345-1356.
DOL: 10.1056/NEJMra055323.

[2] van Slegtenhorst M, Nellist M, Nagelkerken B, etal,
Interaction betweenhamartin and tuberin, the TSC1 and TSC2
gene products[J]. Hum Mol Genet, 1998,7(6):1053-1057. DOI:
10.1093/hmg/7.6.1053.

[3] Krsek P, Jahodova A, Kyncl M. Predictors of seizure-free
outcome after epilepsy surgery for pediatric tuberous sclerosis
complex|J]. Epilepsia, 2013,54(11): 1913-1921.DOI: 10.1111/
epi.12371.

[4]  Davis PE, Filip-Dhima R, Sideridis G, et al. Presentation and
diagnosis of tuberous sclerosis complex in infants[]].Pediatrics,
2017,140(6): €20164040.DOI: 10.1542/peds.2016-4040.

[5]  YuT, He Y, Li N,et al.Novel TSC1 and TSC2 gene mutations
in Chinese patients withtuberous sclerosis complex[]J]. Clin
Neurol Neurosurg, 2017, 154: 104-108. DOIL: 10.1016 / j.
clineuro.2017.01.015.



-140- PAEE AR 2020 4F 1 A 14 HES 100 555210 Natl Med J China, January 14, 2020, Vol. 100, No. 2

[6]  Curatolo P, Moavero R, Roberto D, et al. Genotype/Phenotype
Correlations in Tuberous Sclerosis Complex|[]J]. Semin Pediatr
Neurol, 2015, 22(4): 259-273. DOL 10.1016 / j.
spen.2015.10.002.

[7]  Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification
of the epilepsies: Position paper of the ILAE Commission for
Classification and Terminology[J]. Epilepsia,2017,58:512-521.
DOI: 10.1111/epi.137009.

[8]  Nellist M, Brouwer RW, Kockx CE, etal. Targeted Next
Generation Sequencing reveals previously unidentified TSC1
and TSC2 mutations[J]. BMC Med Genet, 2015, 16: 10. DOI:
10.1186/512881-015-0155-4.

[9]  Curatolo P, Moavero R, de Vries PJ. Neurological and
neuropsychiatric aspects of tuberous sclerosis complex[]].
Lancet Neurol, 2015,14(7):733-745.DOI: 10.1016/S1474-4422
(15)00069-1.

[10]  Jansen FE, Vincken KL, Algra A, et al. Cognitive impairment
in tuberous sclerosis complex is a multifactorial condition[J].
Neurology, 2008, 70(12): 916-923. DOI: 10.1212 / Ol.
wnl.0000280579.04974.c0.

[11]  Dabora SL, Jozwiak S, Franz DN, et al.Mutational analysis in a
cohort of 224 tuberous sclerosis patients indicates increased
severity of TSC2, compared with TSCI, disease in multiple
organs[J].. Am J Hum Genet, 2001,68(1):64-80. DOI: 10.1086/
316951.

[12]  Kothare SV. Severity of manifestations in tuberous sclerosis

complex in relation to genotype[l]. Epilepsia, 2014, 55(7):
1025-1029. DOL: 10.1111/epi.12680.

[13]  Bai, D, Zhao, J, Li, L, etal. Analysis of genotypes and
phenotypes in Chinese children with tuberous sclerosis
complex|J]. Sei China Life Seci, 2017, 60(7): 763-771. DOL:
10.1007/s11427-017-9091-x.

[14]  Sancak O, Nellist M, Goedbloed M, et al. Mutational analysis
of the TSC1 and TSC2 genes in a diagnostic setting:
Genotype-phenotype  correlations  and  comparison  of
diagnostic DNA techniques in Tuberous Sclerosis Complex[J].
Eur J Hum Genet, 2005, 13(6): 731-741. DOI: 10.1038 / sj.
ejhg.5201402.

[15] Peron A, Au KS, Northrup H. genomics, and
genotype-phenotype correlations of TSC: insights for clinical
practice[J]. Am J Med Genet, 2018, 178(3): 281-290. DOI:
10.1002/ajmg.c.31651.

[16]  Savini MN, Mingarelli A, Vignoli A, etal. Ictal signs in
tuberous sclerosis complex: clinical and video-EEG features
in a large series of recorded seizures[J]. Epilepsy Behav, 2018,
85:14-20. DOI: 10.1016/j.yebeh.2018.05.027.

[17]  Jacobs J, Rohr A, Moeller F, et al. Evaluation of epileptogenic
networks in children with tuberous sclerosis complex using
EEG-fMRI[J]. Epilepsia, 2008,49(5): 816-825. DOI: 10.1111/
j.1528-1167.2007.01486.x.

O F1393:2019-07-12)

(AR SC i - X/ Mg )

KT HAREE It ALf A R B X

ESCH 55t R T B UL 2 2012 AR 3R E R 25 Wi Jm)
HLHERIHTZY , HON B RO 254, 38 TG 7 45 s A e
HOH RSB o A TR i 254 BR 2 w5
HAR B S A A 1) e R SR i AU R 5 19l R
PTG 1] | i RS (Zr3d FERE BT TS A RSN 45 S
M 2 [ A AL O PR TR o 2 Uk ) [ T B B8R
Bk

TIESC F B« e R ] R 2~ B SR R i, A R[] 2
FARSBARLG oA S G AL, R R R R Ss , D BE R
55 B 258 2SR Sh B2 2k 20 55 BT, $e i B2 55
TAEH IS, SRR R AN A A2 42

BURAESCA R ILE AT

— SN AL - (1) 258 A 3 5 (2) 25 R SEHL
HYRR ; ) 222 s () 29I B ARG ; (5) Hfh 5
YRR A AR N

TOVAESCEDR (1) RAEE A AT P B AR B8
(2)&3C—14r,5 0007 AN, i HEMU o 8 H fk 45 A

: ﬂ%’ 4%\ °

HIS B 20 1 T35 (3D 22—, 1 000 F LA, SN 24 -
NS AN VAN TG 2 TN S O [ A S & < S WA )
1 B 5E SERASEE 5 (4) WAL 75 AUAR S8 % , 45
AR TR L A 2 W 67T R TR A
(5) 3CE A NAF G A URAE SC Ml 5 Bl R, AR I S itk
P FEEE ;s (6) SCRERE AR A BOR BB AR R 2% k)
Ejﬂﬁwﬁ(http://Www.nmjc.net.cn)ﬁl‘ﬁ]ﬁ%’}g"{]o

= ORI ] AR RAE SCH 3632 Email #086 , B 8]
Jy: B HGE R 20204F 5 7 30 H o 34EH A BRHRG, 30 A
1o BERIFEWHRES : 1lsyjzw2019@163.com, 15 14 B 53 B b
WURLFAAE S,

U IR SCPFR K kR - I T SR GO i SCik
TPPEe, PERE MR B 30— = = A IR A BRI
Rt sy, Hh—442 14, %410 000 7T ; 555244 4
#500070; =455 4, 84453 00000, X TILFH I 30K
A 25 O AR BR 22 2% ) G B, A R0 3 AR S B e
BBV H Tl



	136-140



