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HI A 41 0 (neural stem/progenitor cells). MV & 1lF 5K,
BB e N ik =R X (subventricular zone,
SVZ) 2, g By A iR (8] RORE 40 i T )2 (subgranular
zone, SGZ)PA, WIEK. ZURARST. Ko H o,
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MLY%« IF % 3 Ifil 3 (Jackson);  Sheep anti BrdU
(Biodesign); Rabbit anti Cavl.2a,C. anti Cavl.3q,D.
BayK8644 (Alomone Labs); Fluo3-AM FlI F-127
(Biotium).
1.3 EZ{UF[ANFIM

M TAE G (R 2 2). B8 5O0 B s
(Olympus); 3 2% £ I} # 8% (Leica); CO, £ 7= 44
(Thermo); SO HL. fEH 2B . Wt ( il
AAEH) ). DP70 £%14 3k (Olympus); 4l fg £5 7% ik
(greiner bio-one).
14 RS EIEFRER

A Wistar K BUIE 5 Fh 20 {40 i 1 35 72 17,
B S IS A MEYE Wistar KEL(=3 N H) 4 H,
1096 7K & G W 11 RIE , BT SR AR AL 2R, i)
BB R 23 BSOS 2 I M R I
% , D-Hank's ¥ % ¥E 3 ¥, 87 U) i 3L B R
(8 ~10 min), 37°C D-Hank’s-dispase-DNase-papin
(DDDP)# W H Ak 35 min 2247, IIAF 10% G4
3% (FBS) ) DMEM/F12 #1534k, 800 r/min
£ 5 min, FF BV, fFH & A 10% FBS 1
DMEM/F12 B4 ytiE, 2RJ5 500 H ik id vk,
B M T 0 9 4 poly-ornithine (10 mg/L) F1 laminin
(S mgL) 15 FR b, 24 h 5, gk G I 1)
DMEM/F12 4 g 55 7755, RIS I 1%H) N2, 2%
B27. 20 pg/L ) EGF Hl bFGF (T 40 jg £ 77 3t
SCM). &} 3~5 R#ii 3/5, Frai K5 80% ~ 90%
fili &, Acctuase VAL AL AR, BN Acctuase 2~
3ml, 37CF 5~10 min, JH 1 ml BHAEF KT
RS, WA AN e, 0 800 r/min 5 min, FF L
T, SCM FERUIIED, F% 1:3 1) LLfl e mh T8 1)
Bi IR, B 8~10 RALAR—IK.
1.5 FESHL

8 HPCs V1 10 B 40 i i, i T- g
poly-ornithine (50 mg/L)#/ laminin (10 mg/L) [#$5 57
PR FR I b, Sy 20 i 5T 4 b A7 3, 4 Jif DU
24 h Ji, R R IR L. A ER R AN
DMEM/F12. 1 pgL (f bFGF. 1% FBS A
100 nmol/L [ retinoic acid(RA) U, & 2 K 1/2,
B3 14 K, 40t SR A a o R 4 i e
A4 .
1.6 (RFHMZERIFI &

HAE— R Wistar K, 70 &lS, B89
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Jifs 4 IfiL 3% (FBS) ) DMEM/F12 £ 1E W1k, &0

1 000 r/min 5 min, ZIMIRFFRIEE R, AIHLiZ 1x10°
PR Bl TR AE 24 ALRF IR AR B 55 5% ER
35 mm [ 85 98 W b, ¥ 3% A ML 2§
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A L35 PO B 2R TR 1.75%, 7 RJa 41 70% (1)
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)EH[IS]'
1.7 YHRERER L

R 75X HPCs 280 T4 4% 45 poly-ornithine £/
laminin (3% 2B, 2 h 51 4% £ 58 RS 2
30 min, [& & AT40HEH 0.01 mol/L ) PBS Pidihyt
—dk. [ 5 PBS ¥E 3 I, AREX S min. 1EH L B
M2 h, SRR T G AR NN 0.3%
Trinton X-100. fl A — $T (nestin 1 : 1 000; BrdU
10 mg/L; Tujl 1:200; GFAP 5 mg/L; Cavl.2a,C
1:200) 4°C UKL #28% 37°C 1 h. PBS 2k 3 K,
% 10 min, 0 AAH B 1 2¢ 56— HT(FITC-Goat anti
Mouse  IgG; FITC-Goat anti  Habbit-IgG;
TRITC-Donkey anti Sheep-IgG; TRITC-Donkey anti
Mouse-1gG), =i #E Y 1 h. PBS &9k 3 Ik, &k
10 min. BrdU 3¢5 40 i € 5, 2 mol/L HCl
37°C ¥¥H 1h, 0.1%BE A 2 ¥k, 4K 10 min.
SR I35 ) 125 B8 ) _E. BrdU 5 HoAb B S5 XUbR I
%645 BrdU. % J5 Hoechst33258 450 4%, 5 mg/L
5 min.
1.8 HIZEMIE

HE G RE A A A B A, A1 B T 4°C
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H wh ., 2% TritonX-100, 1 mmol/L EDTA,
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SIS RIS I D A CReR X (a7 X IRk ER
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WA % : NaCl 140 mmol/L, KCI 3 mmol/L, MgCl,
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Fig.1 The morphology of adult hippocampal neural
progenitor cells

Arrows point to the dividing cells. (x200)

3 9 EC D AR A AR 5 7 1 40 AL 8 ¢ D
€, RINIA ML IE nestin TR, Nestin L5 JE
VA2, fEMEi AP FnRIE, X
PRE A LI TR HEAS 58 1l 2 J5 nestin [ &8 B4R
TR, O RE 2R g0 IR 23 A0 58 BT A Ik R A
Nestin & - AR a5 2 4 B b &9, 2k iz
T T A0 ) . AT I AR nestin BH % 1)
AL AT 66.7%, {HES D4R nestin BH 40 i
Ee o] ik 21 92.0%, 1M 225 7S AR, nestin B (1)
41 Hunr iR 3 99.9% (K 2a), XK B4 MU BT 7L AR
IR A I 4B & HPCs [ — AN B B 4 i #2. BLR
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SIS B EUH S S AR LU 1R 4H .

TEAN S FEM P I 5 wmol/L /) BrdU, 1EH
24 h, HIE AR BrdU 5 nestin, & 3L JLF T
ARG M A ) i IR X AL, UGN P Al TR
BRI 7y 245851 191 (18] 2b).

(a)

(b)

adult

progenitor cells and label of the dividing cells

Fig.2 Identification of hippocampal neural

(a) Green represents nestin-positive cells. Cell nuclei are labeled with
Hoechst33258 (blue). (b)Co-expression of BrdU (red) with nestin
(green).The right panels are merged pictures. (x400)

2.2 HPCs WS o LFEE

T4 B 5 R 4 i o A 85 IR 2L (differatiation
medium), %55 HPCs 7340, 765 5 RBEH %2
RV H5GE, OO0 B A E oA e e i
JEA. BA—A BN, ik 5 (5 2 B0 1R
eI IeREAI i (B 3a, A); AT 2K S
M2 AR T RORFE A1 (Kl 3a, B); BA
Z NS H AW 2 B 1R 2D ST A 4l (] 3a,
O). 55 14 R 9%t % e, vl ULE Tujl (& 3b)
I GFAP (& 3¢) IIFHPEZH . 73 2535 7% 1 40 320k
nestin HUJ5, AEHEAT ARG I BN TR
JRANML, MR B T TR 2% 40 B ok A 20 i R4 .
2.3 HPCs LFRiEDhEeE L-B45iRIE
231 L- BUEGIEE AR IA. o T2 FRA 2 A
REME L- AUEEIE U TR, o A
Ry Y e, A ph 28 o0 20 Cavl.2e,C A
Cavl.3a,D. (A, FATHE L- 7540 3 33 () 3 5 Ff IF
PALT 55 nestin X R, 45950 HPCs & Cavl.2a,C
I Cavl.30,D PHTE. ¥ 4a 24 Cavl.2a,C F1 nestin 3%
[F#5ic. Cavl.3a,D 5 nestin SRS ARG . FHH
JTED A5 R R T 41 il Cavl2eC F
Cavl.3a,D & H FRIE(H 4b).

Fig.3 The morphology and identification of differentiated
cells

(a) Morphology of three major differatiated cells at 5th day of culture in

differatiation medium. A: neuron-like cell, B:oligodendrocyte-like cell,

C: astrocyto-like cell. (b)Tujl-positive cells (green) represent neurons.

(c)GFAP-positive cells (green) represent astrocytes. In (b) and (c), cell

nuclei are labeled with Hoechst33258 (blue) and the right panels are
merged pictures.(x320)

232 5%, UEW] HPCs bAEAE T REME L- B4
WIE, AR A B, X C 3 fluo-3 1
HPCs #EAT 9 4. 15 58 RATTHE 41 B &b i A
20 mmol/L 1] KCI &, M %23 5% ) 5 i 1 35 1 i
(P<0.01, n=37) (K 5a, b), £HLEWAFES4
JfL P [Ca2]; B 0. E2: KCL AN L- B9 45 3 3 S
BHLIWT 71 Nifedipine (10 wmol/L), X I 5¢ )t H8 & W A
BEAG(P < 0.05), FJ5 FHAIA KCl,  [R]— L5 A 7] 48
Ji bR L5 i 5 (1) & 355 G 5 (P > 0.05, 18] 5b). H]
Nifedipine {1371 ZB(0.1%) 4L B HPCs, KC1 {/57]
75U 5 2 1 58 (F/F=1.15+0.08, P <0.01,
n=10), W] Nifedipine [*J1EH A & L BEFTE. 5)
Ah, AECAS G AR I KCL 5 AR L7t 5 5
(1) B 158 (F/F=1.0120.02, P>0.05, n=10). Ll
SR L- MEEE N T T KCLB TN
Wt SR BRI S 40 A ML Gt B R 45
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Call.2a,C-positive cells (green)  Nestin-positive cells (red)

Cell nuclei are labeled Merged picture
with Hoechst33258(blue)

(a)

1 2

121 hi

Fig.4 Expression of L-type calcium channel asubunits on

the adult hippocampal neural progenitor cells
(a) Expression of Cavl.2a,C on the adult hippocampal neural progenitor
cells. (x400). (b) Western blot analysis of Cavl.2a,C and Cavl.3a,D. /:
anti-Cavl.2o,C (1 : 200); 2: anti-Cavl.2o;,C, preincubated with the
control peptide antigen; 3: anti-Cav1.3o0,D(1 : 200); 4: anti-Cav1.3a,D,
preincubated with the control peptide antigen.

233 L- RS HML sk, S HE— 2P AF ] HPCs L
FEEDhRerE L- B IE, FATTH 4 40 M i Fr S 2
ARACR T L- B HLy. F 5 5 430 3¢ 8 44l
JHa, B =50 mV, 484 LR =30 mV 24K
3] 40 mV, A 10 mV, BB R L- 548
HLIIRFIE. =30 mV ZiA6E] 10 mV, Bl HL 1)
BOK, WmAR, BEE R 10 mV &8 B
F 40 mV, LR HL 3G 00 2 T (B 6b). 4
H e AA=-30 mV B LA 2] 10 mV, RN
(100£12.35) pA, HF kM L- 2445 8 1 3% 3) 7
BayK8644 (1 wmol/L) i 1% FL it & 25 14 hn 42 (150 «
15.15) pA(n=3), HIEW X AL, =7 ¥ FH
(P<0.05) (& 6), 1M 1 wmol/L FrI%H5 54 BH bt 771 JE 8t
Hi P (Nifedipine) AT BH 3 3 1% HiL 0 3 A 1 1F 5 %) i 4
i) 65% 7547 (P<0.05)(K 6), 10 wmol/L J& fiih 1~ JL

T2 a0 T % () 6a).

@

10s 100 s
(b) 1.30
20 mmol/L KC1
1.20
1.10 b v 10 pmol/L Nifedipine
LT-? —
= 20 mmol/L KC1
1.00 |
0.90 -
0.80 1 L 1 L L I 1

-20 20 60 100 -40 O 40 80
t/s

Fig.5 Depolarization with KCI caused elevations of [Ca*];
in proliferating adult-derived NPCs grown on a fixed
substrate of hippocampal cultures
(a) Image are corresponding to 10 s and 100 s after the first addition of
KCI. (b) Graph shows changes in Fluo3-AM fluorescence expressed as
F/F,. Values are shown as x =s (n=37). KCI induced-response was
blocked by the L-type calcium channel antagonist 10 pmol/L

Nifedipine.
(a) 10 mV
Nifedp (10 wmol/L) <~
Nifedp (1 pmol/L) ——
Control
Bay k8644 (1 mol/L)
b T T T T T T
® % 0 20 fo v

PA(% to/control)

1 60T

Fig.6 Whole cell L-type voltage-gated calcium currents
recorded from cultured HPCs
(a) An example showing the effects of Nifedipine and BayK8644 on Ca*
currents. (b) Current-voltage (I-V) curves before and after addition of
Nifedipine and BayK8644. ll—M: control; ®—@®: Bayk8644; A—A:
Nifedipine.
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U S HPCs 1] #1228 0 70 A I 1A 25 . 1 40k ) Bt
LR, L- B0 I8 T 0 v] DL R s — Ly
PR TG D) e FIAE 15 6 75 IR LR Rk, 40 c-Fos,
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Hippocampal Neural Progenitor Cells Express Functional
L-Type Calcium Channel in Adult Rat

FENG Jin-Li, HU De-Hui, CHEN Ming, TIAN Ying-Hong, SHI Zhi-Min,
YANG Jian-Ming, ZHU Xin-Hong, LI Xiao-Wen, GAO Tian-Ming™
(Department of Anatomy, Department of Physiology, The First Military Medical University, Guangzhou 510515, China)

Abstract In order to establish an in wvitro attachment culture method for obtaining highly purified neural
progenitor cells (HPCs) from the hippocampus of adult Wistar rats and to identify functional L-type calcium
channels in those cells, the adult rat hippocampal tissue was dispersed into a single cell suspension, and the
dissociated cells were cultured in serum-free DMEM/F12 medium containing epidermal growth factor (EGF),
basic fibroblast growth factor (bFGF), N2 and B27 supplement. After six passages, the proportion of
nestin-positive cells reached to 99.9%. Following fourteen-days culture in differentiation medium, neuron-like and
astrocyte-like cells were observed, which expressed B-tubulin Il (Tuj1) and glial fibrillary acidic protein (GFAP),
respectively. Immunofluorescent double labeling and Western blot showed an expression of Cavl.2a,C and Cavl.
3a,D subunits in HPCs, and functional L-type calcium channels were confirmed by confocal microscopic Ca*
imaging. Moreover, L-type calcium channel currents were recorded in those cells by using whole-cell patch clamp
techniques. The results indicated that adult rat HPCs express functional L-type calcium channels.

Key words adult rat, hippocampus, neural progenitor cells, L-type calcium channel
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