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TRPCS & B HELERMEEFERME T HHRIE
BT 3k, FER i B A 4F (400037 TR, %5 = FEBE RAEHF E B 24, R ZERR R I2IE L)

(=] HMY BF5TBRn 2 v 8 38 85 [ 5 (transient receptor potential canonical channel 5, TRPCS) 75 45 %5 1A b
JiEt (tuberous sclerosis complex, TSC) Fiif 48 # 1 5T i i 3k 5 404 , #R3F TRPCS 7 TSC iR A AE iyl BEAL . J5d Uk
BEWTIR BE B bl 2SR T AR UTBR I TSC i J & B2 BN S5 19 14 5], 5 12 5 1E 5 % BE % 2 (CTX) A1 Hu#%, 32 ] RT-PCR
Western blot, 58 42Ul 2 MG SO A5 T i Kl TRPCS FEBU AL i 33870 A . &5 TSC M A & 1% J2 BUm 4577
1, TRPCS 7E mRNA [ 3R 3K /KPR B T3 (P <0.05) o Seie 2 AL 45 R R, 72 1E# 1 )2 b TRPCS 55 % h 555tk
JEFRGE T2 b ARTER BN 35K, AE TSC M 8 B2 BUW 257 s a8 T b, Rl 2 B AL i Al 5 0P
PZETE b, BTN A S B CTX 2R &y, Syl e (5 B W) W oy T IE B 2 (L A iR (B2 2. 77 £0.43 vs 1.64 =
0.56 ; FHXF YERE EE{H :64.72 £9.56 vs 30.34 £9.43;P <0.05) , &4 TRPC5 FiAW mnlfE S TSC £ FH N &k Z VI
5K, AT REIAR YT MEVS I 18 25 T HE A5
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Expression of TRPCS in epileptic cortical tubers of epilepsy patients with tuberous

sclerosis complex

Xu Guangzhen, Zheng Dahai, Shu Haifeng, Yang Hui (Department of Neurosurgery, Xingiao Hospital, Third Military Medical
University, Chongqing, 400037, China)

[ Abstract | Objective To investigate the expression and distribution of transient receptor potential ca-
nonical channel 5 (TRPC5) in the cortical tubers of epilepsy patients with tuberous sclerosis complex (TSC) ,
and to explore the mechanism of TRPCS involved in TSC-induced epileptic seizure. Methods Fourteen cases
of TSC epileptic cortical tubers (TSC group) confirmed by pathological examination and twelve cases of non-ep-
ileptic cortices ( CTX group) were collected. The expression and distribution of TRPCS in the samples were
examined by RT-PCR, Western blotting, immunohistochemical and double-labeling immunofluorescencestain-
ing. Results The mRNA and protein levels of TRPC5 were significantly higher in the TSC group than those in
the CTX group (P <0.05). The immunohistochemical results showed that TRPCS was weakly or moderately
expressed in the neurons and occasionally expressed in the glial cells in the CTX group. However, strong
expression of TRPC5 was observed in the neurons, glial cells, dysplastic neurons ( DNs) and giant cells ( GCs)
in the TSC group. The intensity of immunofluorescence was significantly higher in the TSC group than in the
CTX group (intensity score: 2. 77 +0.63 vs 1.64 +0.66; ratio of mean optical density 44.72 +8.56 vs 30. 34
+9.43; P<0.05). Conclusion The up-regulation of TRPCS in the cortical tubers of epilepsy patients with
TSC may be closely associated with the pathogenesis of epilepsy, suggesting that TRPCS5 might be a new poten-
tial drug target for the treatment of intractable epilepsy.
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ZEAT PR AL AE (tuberous sclerosis complex, TSC) J&
—BlH1 TSCI i TSC2 3 [H 575 T S0 Yot ik i
WAL , AR 2R R G0 P i 3B R R R
IR RN A PRE S5, B BTG 19 i B R Il B )R 5 2R
AL, HIRE SRR 20T, BEAMEL) 2 7R B2 K B I i
JTFIE S B R B R Al AR 2 ORI A TSC e L
MR RGLLRABAIE , 76— TN TSC 4k KR [ 2R
B 2 B, 85. 2% 1Y TSC /B34 A W Pk & 1E,
84.5% BIBRIZ MW, 1/3 W) E KR 25 WM ia
T, R XEVR PRI 19 2B N 2 — U 2 S 3K
TSC H P R AEFFET M F BN B 7
TENGI A A 2ok 78 v B 45 AR 48 32 560, BRI B 32
£ B3, {V (transient receptor potential canonical channel,
TRPC) £ 38 18 A2 {57 T2 it B g 200 A 2 P 1 i) — 260
TEPEEBA RS Fil i, FEN BTN, S 5
TEAMb IR NG fuh T SR et AR TR, xR 22T
EMAEEMENC, TRPCS FEAEMERE %
ik, Z5#EIEM C(PLC) UG 5 i R 8 1 W
DT TARRNN - S N i 2 )5 CEN O P G B IS S S B
JRLPA L B A AR 15 S A S oT T I8 4 TRPCS
1 TSC B H BN I FE v & 35 B AE 7 A BiF
53K 2 E 5= RT-PCR  Western blot | 3% 2H fb 28 H7 AR
K TRPCS 78 TSC i35 K J2 BU 45715 vh B K3k 40 A
0L, PRI HAE TSC B35 W A A h T eI VEH]

1 #REHE

1.1 ARARB BN R FTH

W4 2009 49 A % 2012 4F 6 HBiif E Betr 24 2 TR
VIBREY TSC i 85 [ R BOR 451 14 1)k TSC 21, Horp 5%
6 0, 2otk 8 7 4RI 1 ~15(7.0 £4.2) & i A B E T AL
FTSCHR 8 1 HRIE W T ARIE R UE o 3 WACAR W] — s S8 6 B pp 42
AR A 47173 55 o i B s i TR g A 3 12 8], Sk IR
IEH ZH 2 (control cortex, CTX) , Hirh 53k 7 4], 2o M5 441, 4F
%15 ~31(24.2 £4.9) 5, SLIRAARGER IS R &80T, 3015
it AR LH AU A5 R A5, By sk B IRAR AR F0F 58
Hio BT R ARBCS 8 AT 5 /R 37 5 ( Helsinki ) B1 B )
BER o RAH Z B RIST b ST A i [ o PR A, 28
BERRK GRS AT A AR, ) R RN T wm, 55 H — 53
HA LR ARG IGIEA - 80 CUKH, HI T4 TEM s
1.2 ZZEXMNBEME

Sabit AN TRPCS B 5 RGN A 32 [ Abcam 24w 5 /N R 4T
NHHZ T A% 5 11 (NeuN) g H 22 8 Millipore 23 W) 5 /N BT A
Glutamate BLTEREGTAR /N AT A GABA BT8P, Cy3 F7id
NI ZE I BT R 1R 2 11 (GFAP) I 5 36 [ Sigma 23 H) ; 5
TREIR DG E (FITC) F3id L Fdife 1gG W B b xt A2 A 7
Alexa Fluor 594 Fric 1l 2EH/ L 1eG W B 22 [F Invitrogen 2\ ) 5
PrimeSe 1* Strand ¢cDNA & k50 &0 | H 4~ TaKaRa 23 5] ;5 11
it SABC HfiE 4 AL & i Western blot 8 it B il 12071 &

W) R 822 w5 81000 PCR 43, Mini-Port Hi 7k £ 421 A
3&[H BIO-RAD A+,
1.3 RT-PCR #n TRPC5 mRNA #4 % ik

B EAREL 100 mg 412, {# F Trizol — 2532 HLEL RNA,
FEREEL RNA £ 260 nm &b (5% %5 B (B 31 55 H ok R4l B
i TaKaRa 5% 575 & 5 % 5% ¢DNA, LA 1 pL cDNA =4
AR ETT PCR, RT-PCR 5[#/741 . PCR 4" 8= /NI 1,
B 25 pL AR R, PCR R 2440 T BAEHE 94 °C 5 min,
94 °C 30 5,62 °C 30 5,72 “CZEf | min, 3% 35 A~FFFR,72 CL Ik
FEAH 10 min, 3 IE=Y) I E Goldview [ 1. 5% Iy Ig M B i
vk, BREEN 6 pL, LR 120 V, A [E] 30 min, Bk 57 52 ) FHEEIE
AR ARG WEEIFIRAH . 18R ] Quantity One R PF7Hr & 45717
PR IR A

%1 RT-PCR3|#1F 5% PCR T #7=HK

F LA Bk Lzl R T /PN
TRPC5 37 :5'-CAATCAAATACCACCAGAAAGAGTT-3" 347 bp
FiiE:5'-CAATATCATCCATTCCACGACAG-3’
B-actin I-3i# :5'-GCACCACACCTTCTACAATGAGC-3’ 163 bp

FUf#:5'-TAGCACAGCCTGGATAGCAACG-3’

1.4 Western blot #m] fim 20 22 & TRPCS #9 & &

U 41 4145 100 mg A NINA A R F R o, F 45 8
MR, A1 mL 247N 10 wL 2 = 00, 22 5845
RA, WAL B E EP &, vk L H 30 min, T 4 CLE
B0IL 12 000 r/min #5000 10 ming B35 500 22 AR BE . AR
PEE AW R DR r R T E A k. H 10% (AR
k) SDS-PAGE BERSHLIK /2585 H . F TBST #& kg bt A
TRPC5 Z FERehiiA(1:500) MAbi A GAPDH $1{&(1:1 000),
4 C I ; TBST 3k 3 W, &K 10 min, i TBST 2% wh il # B 1)
PR BT IC A LT % 1gG(1:2 000) Z=BEE 1 h; TBST EELE
3 W, K 10 min, MBS R Gl T ROl s® . A
)5 FE R A Quantity One B4 531 45 28 11 4501 K (B
1.5 Syigiutem fmzase  TRPCS 4 &k oA

AR H BB, 3% a3 Ak A b VR A A A
fi , S R BURME K 20 min, HARA A B IR, IEH (E I +
0.3% Triton X-100,37 CEH[A 1 h, in A—$L( TRPC5,1:400) ,
4 °C i, FWEIR 1 h,PBS EYE 3 x 10 min;37 CHEH 1L E
¥ =% 1 h,PBS ¥ 3 x 10 min;37 CHFE SABC iK1 h,
PBS 9k 3 x 10 min, = G — EFBENE (DAB) 1B 4345 5.
, TRACKSE S Y AN AZ , B 5 MK 35 B S T R A e & e,
B FIEIT R L Bk X B AR [ & i — P B A
TRPCS Hiif , AL R Lo sl e @ irih o b 2 IR 4
BRI s
1.6 %9z % 8 A474m TRPCS 49 28 fe € 4%

S33H SRBT TRPCS ik (1:400) H/NERPT NeuN(1:100) |
/NERBT GFAP(1:500) /NRFTE Glutamate (1: 500) /N3t GABA
(1:100) E—PUR A MA —PRBRE MBIV A 1,4 CHE
A%, 37 CEE 1 h,0.01 mol/L PBS ¥k 3 x 10 min, II2FEPHT
/NEL(1:500) 5 FITC ARig L 3EHTfe 1eG(1: 500) R & A — 4L
FRBUE 37 ClEMEE VI A 1 h, 0.01 mol/L PBS 5k 3 x
10 min, % DAPI & J440a4% ,0. 01 mol/L PBS 7% 3 x 10 min,
WECHT AP L A K B B B R (2t ST g%
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(Leica, 5[ ) , B4 R A B 5B (Leica TCS-TIV, fHE[E ) $9 4
.,
1.7 %itso

BARLL x 5 FoR, ] SPSS 18. 0 ZA: %l 12 1) B -4 7
o K5 o

2 HR

2.1 JEFaFRR4LE TSC 28 TRPCS mRNA #4 A K-

RT-PCR 453 /R, 78 CTX 41 #1 TSC 41, %84 TRPC5 mR-
NA %35 (B 1) , %t RT-PCR 255 M558, TSC 4
TRPCS fAHXT 625 BE{H (ROD) Yy 1.26 +0. 12, 7F CTX Xt Fe2H
Hf% ROD {4 0.62 +0. 11 (P <0.01) . %5542 7% TRPC5 mR-
NA 7 TSC J2 JZBUm 451 P iRk Bl

M 1 2 3 4

400 bp—

100 be— “—TRPC5(347 bp)

400 bp—

200 bp—

0oL «—B-actin(163 bp)
p—)

M:DNA #7:; 1.2:CTX 48;3 4. TSC 41
B 1 RT-PCR #illl%& 4 TRPCS i) mRNA £k

o
. v SR % :
R B 0 /i X3 A S A
‘-' 2 s FUR A ‘E LS -

2.2 EFAEAL TSC 41 TRPCS & & # & ik K-
TERTA S 56 20 35 ] RS 3] g5 S g BA P 2 1 B 4%, &
2 iR, AR BE 43 B7 45 B %, TSC 41 TRPCS (5 ROD g
0.55 +0. 05, £ CTX XJ B2 " ) ROD {H 4 0.36 0. 04 (P <
0.05) . £5HL4E/R TRPCS 2 (175 TSC [z JZEUMAS 1 ik il

1 2 3 4
e . 1)
AP

1.2.CTX #1833 4.TSC 8
2 Western blot #ill%& 8 TRPC5 E QR itk TFE
2.3 SRR Fiem TRPCS &G 5 A
HE Yot 7, 155 X AL 540 2 R A0 IO S AR IE 3 5

1M TSC B¢ 2 SOW 45 17 454 2k KL, 8 7 W B AL 40 A ( giant
cells, GCs) F1 5 JE # 28 JT ( dysmorphic neurons, DNs) (& 3A ~
D). A b R BoRTE IE #2141, TRPCS £ %R IK7E
FIBIZETE I B UL B A M 22 34 (B 3E) , 7€ TSC JZ R SUm 455
1 TRPCS 7E 4 28 J0 3% 1 B S 3% 8, T8 Jo 200 iy 8 2k o 3 b 3%
CTX 2107 @37 (&1 3F) , H TRPCS 5% 15 F TSC Ukl i)
FRAEPELE I, $E— 25 %) TRPCS f4 485 AF 1 40 B 43 16 32 3K 20 47,
(83.2+6.5)% ) GCs(n=173) F1 (87.7 +4.2) % (¥ DNs(n =
234) #3838 TRPCS (B 3G H) . Hou s Ak Y A 4 #r
PR, TSC A G (A 55 (B (2. 77 £ 0. 43 ) FUAHX - B0 % B8
(64.72 +9.56) 40 B &5 T CTX Kz Bi (1. 64 =0.56,30. 34 =
9.43,P<0.05),

2 g b 20,57 ‘, DIV 20D FC

e O R B e s H
A EF & BEMBE HE &8, TSC K EMMEY K EMME HE 2 EETLER M(ZA)FRFBAHZA(HX);C.D:FHBHZLER
e, HE % &,;F . %95 284t TRPCS f2 B8 K B IR4LR P 89 Rk, B4 2 7155 8) 7 5 1% % R ik 48 UIKUR 20 e &3k (S-P) 5 F: S 9% 4Rt e )]
TRPCS 42 TSC & B#msF d oy kit , TRPCS £ER M ( = A ) FoFHah 2 4 (#F k) L& & E (S-P) ;G H: %92 204kl TRPCS £ E & tm fig
Fo A 22 4 L3R R ik (S-P)

B3 TRPCS 7 TSC I RIRA P HIRIES 537
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A ~C: 7% R AT T NeuN M (B, 40 & 3 %) w94 2 &k TRPCS (A, %4k & 3 %), 32 = TRPCS Fatk 4y DNs A 4h 2 445 W, C A4 R A ;
D ~F: %% % k477 GFAP Fatk(E, 40 & % 56) #9 i i e fe R & ik TRPCS (D, 4 & % 5%) , 1A GFAP P bk i/ 2m i TRPCS %A (E.F # %
P ) ,F A G ~1: %95 3 A7 Glutamate FAb(H, 20 &35 55) 94 2 L& & TRPCS (G, 4 &% %) , T AL MR E ;] ~ L. %95 3 L AR
T GABA Atk (K, 4 & % k) e9ap 20 &k TRPCS(J, &% k) L A4 R B

B4 FERHENARETA TRPCS £ TSC iERIRAFHRIES M

2.4 #RBARF KM TRPCS ik oA

BT E—2 AIF TRPCS (3235 %2 A, AT TR BT 63
FrAb2e k& G T K T TRPCS #F TSC Bz )2 80 &5 1 Hh (k) 3%
ik, TRPC5 il NeuN (26 ARSS SR /R, TRPCS 7 #2500 I
F23k (18 4A ~ C) ;i TRPC5 F1 GFAP [)5% ¥ 3L45 B 7%, TRPCS
TTER BT 4 5k (& 4D ~ F) ; TRPCS 7 Glutamate [ (1
M50 FFRK(FE 4G ~1) ;TRPCS W 7E GABA FHME #2400 I
Fk(E4)~L),

3 it

W 2 TSC B i WL M 22 RGP, 2
BTSC % B R FIBE TR EEE A, TSC
ARG A IR B 5 B AL MR IO S5 AR L, I
LA BUA BB 25 9 A R, o T ARAYT Y
TRPC 2T 4 I sl 240 35 JE L 1) — 2 A e B B
BT, ¥ 825 PLC MGG N SRS E TN
o BT A AL 3 ) 200 g A i v T 7 | R
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LG s 2L, [F] B 45 B 0 ok Ay mE A
SR TT R B A B, DR A S SO AR 2
WA O 221 T 40 M P 45 B 4 T e A T
£45 TRPC 7E P Y B 38 18 190%™ . I, TRPC
TR K A A R R 2R

TRPCS FEAEMA RGN RIE, S 5 &Th
b GERE RS T sk F ) AR KB TR-
PC5 5 0 /N B, 76 VC R i B0 55 28 o i & A
AL, ELAUW 5 R 7 DA e s T i 3 AL, R
TRPCS ] fEFERGN & A FPle B TSR A, Tai 25104
FEHIN TRPCS A3 T HAHAE M 2 R30G5 1 A9 K i
FEEM AL, 51R 28 o0 X4 ar 3 n . A 58, RT-
PCR Fil Western blot %5 R-#8# 1 TRPCS £F TSC BUH
ZE R SRR OE O IR 2 TR, 8 TRPCS $Rik
L VE T REE A IS AR e M 37 440 DA T 38 i 28 0T 2%
Ve, N5 | RS & 2 o

P28 2R G045 e 2 o 114D R I 1) S PR) 46 5 e
A YA 5 BT s TSC B J2 S0 45 17 79 1 2%
P O ) P 2 o R 2K L. TSC 0 4517 N 2%
PR 2R T, WA IR S A7 R IR ek bt &y, FFnT I
T AP ] B 555 40 0, 41 ol 14 #ih 2805 BT GABA 7
TSC W H B 7254k, TSC #4595 N GABA J HiZ
I FRIR TR, FEAMHIER S, XPTEE25 T TSC
AIECR AL o ASHIFSE & B TRPCS B [ 78 0 B
ROt bR, Rt A1 GABA BHAH: A #F 2 Je b5,
7R TRPCS 78 TSC B0 kk A 19 & 45 X4 Ay PEiR 2 4
THEAE I M ASBH AR, TRPCS 1) EARAE FIAIL i 7 L 3k
—C B BB

TSC A4 B 22 2 A 284 - QD R o 0 2 25 SL A
ZICHEPN ZEEL , PIE B AR S5 R T 2% 5 @ H B R S p p
200 AN I AR & o A A R 22505 @ EE
SR TT AR 2 AR A A AL 0K B A
WTE ) Cepeda ™ BB % S BRRE 40 AL ST
ML TSC NEUR M, EMA F & MEE, 7
B BB SR AR 5 AN M RS RELAT , S 484 v 1 i P
B, ELA MR AT PR RR I 1R B AR T BT G
LA o 2 v pih 28 20 B ) 5 8 B8 B o A FNEE FS
Greka 25" BF5Y % B TRPCS 751 T b 28 Te 0 28 56 1
KA KT 25 B V8 42 o 381 S B AE T, DT 52 1) it
ZeILIERE 7 ), 5] B %) i 22 o0 A P N ] 28 1) A
WA EEEH ., AT LB, TRPCS &Rk T
TSC U kb A R AE P 20 B, £ 45 B #2258 ( DNs )
ME RN (GCs) . UiB TRPCS ] G i 1 52 Wi #f 28
IR I AY Y S A i A =R ORI RS A 2
HRE AN M S LT B, AT 2 5 T TSC

2% |, AAWF5E3d 1 RT-PCR . Western blot #1402 2H
AR, 5 CTX 4 2 I 4L 4UMT L, TRPCS 5% 755
FIK T TSC i B E BUW 2 2, B Rt Rk T
GCs M1 DNs I+, $#7~ TRPC5 ik L A[gES 5 T TSC
Fowat £, TRPCS ] 8 5 Ry — R8T B9 40 400 16 97 58
S (HEAR VR IALSIA A i — L e

SR

[1] Crino P B, Nathanson K L, Henske E P. The tuberous sclerosis com-
plex [J]. N Engl J Med, 2006, 355(13) ; 1345 - 1356.

[2] Curatolo P, Bombardieri R, Jozwiak S. Tuberous sclerosis [ J]. Lan-
cet, 2008, 372(9639) : 657 —668.

[3] Chu-Shore C J, Major P, Camposano S, et al. The natural history of
epilepsy in tuberous sclerosis complex [ J]. Epilepsia, 2010, 51(7) :
1236 —1241.

[4] LiY, JiaY C, Cui K, et al. Essential role of TRPC channels in the
guidance of nerve growth cones by brain-derived neurotrophic factor
[J]. Nature, 2005, 434(7035) . 894 - 898.

[5] JiaY, Zhou J, Tai Y, et al. TRPC channels promote cerebellar gran-
ule neuron survival [ J]. Nat Neurosci, 2007, 10(5) : 559 —567.

[6] Tai Y, FengS, DuW, et al. Functional roles of TRPC channels in the
developing brain [J]. Pflugers Arch, 2009, 458(2) . 283 —289.

[7] Beech D J. Canonical transient receptor potential 5[ J]. Handb Exp
Pharmacol , 2007, (179): 109 —123.

(8] ZEM, AMGEh, BB, 5. MEvA MG MR 0 B 2 4 i 2k
B 9 MFE[)]. SRR, 2012, 34(6) : 492 -
495.

[9] Thiele E A. Managing and understanding epilepsy in tuberous sclerosis
complex [J]. Epilepsia, 2010, 51 (Suppl. 1) 90 -91.

[10] Holmes G L, Stafstrom C E. Tuberous sclerosis complex and epilep-

sy: recent developments and future challenges[ J]. Epilepsia, 2007,

48(4): 617 -630.

Phelan K D, Shwe U T, Abramowitz J, et al. Canonical Transient

Receptor Channel 5 (TRPC5) and TRPC1/4 Contribute to Seizure

and Excitotoxicity by Distinct Cellular Mechanisms [ J]. Mol Pharma-

col, 2013, 83(2) . 429 —438.

[12] Gross S A, Guzman G A, Wissenbach U, et al. TRPC5 is a Ca®" -

activated channel functionally coupled to Ca®* -selective ion channels
[J]. J Biol Chem, 2009, 284(49) . 34423 —34432.
[13] Tai C, Hines D J, Choi H B, et al. Plasma membrane insertion of

TRPCS5 channels contributes to the cholinergic plateau potential in

[11

[

hippocampal CA1 pyramidal neurons [ J]. Hippocampus, 2011, 21
(9): 958 -967.

[14] Cepeda C, Andre V M, Vinters H V, et al. Are cytomegalic neurons
and balloon cells generators of epileptic activity in pediatric cortical
dysplasia? [J]. Epilepsia, 2005, 46 (Suppl 5) : 82 —88.

[15] Wong M. Mechanisms of epileptogenesis in tuberous sclerosis complex
and related malformations of cortical development with abnormal gli-
oneuronal proliferation [ J]. Epilepsia, 2008, 49(1): 8 -21.

[16] Greka A, Navarro B, Oancea E, et al. TRPCS5 is a regulator of hipp-

s

ocampal neurite length and growth cone morphology [ J]. Nat Neuros-
ci, 2003, 6(8) : 837 —845.
(r#5:2012-12-25 ;& [E :2013-01-23)

(%4 I 4)



