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Recent research on neural stem cells and neurogenesis of subventricular zone
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Abstract: Neural stem cells persist in the subventricular zone, which is a main area of neurogenesis in adult
mammalian brain. The process of neurogenesis is extremely complex, including a series of biological events.
Under the pathological conditions, the cells in subependymal zone can proliferate and newborn neurons migrate
to the lesions, where they replace or repair the damaged cells, playing a role in protecting brain. Here, after
describing the neural stem cells and its character, we review recent advances in the process of neurogenesis in

subependymal zone and its changes in pathological states.

Key words: subventricular zone; neural stem cell; neurogenesis

‘HENWE X (subventricular zone, SVZ) f&fgv]
i A BE 3 AT IR X 3, 8 A O T AR AR T
HIBE J1. Reynolds flWeiss T 1992 4F M\ BAF-M5 A 5
Y SVZ X Doy B IS IR T T4 i, 1X—
RIATHE TALGE AR TRy “PI AT HEAE” R0
o, JRUESE T ARSI TP iR A RGP AR EM AT
UM o AR i b b 2 4 G B O AR ) Rl 2 A
Mo, eMadT®. oSl s, it
MRS B CA 2R, X R AR L fif
2 ) 'E (neruongenesis) o fEMRBDIRAT, iz
R I R R A PR A A 2 A i ] AR R S A
a0, BTS2 MRS R DAV S B A
M, IR A0 e Rk AR R, R
FHIE 4 (0 B 7 HELR B 5 ehs kA, 8
WA EE R G5 VR ST PR it — AT 200 2B T

1 EERTXRME T4

L T-Y0 M (neural stem cells, NSC) &5 HAGK:
W BIREERE ), JFRea iR IT . BB
A0 A>T A L — 2R 2V e A o A A AT
)W) SVZ DX ()RR 41 B 3= 53 A1 0] Fix = 70 0] e
bo BRI, EREEFORILAE SVZ X 40 e iT 7% 3 i
—EEREUR (rostral migratory stream, RMS) Hitd
AR ME T4 . 72T SVZ X el 140 il
HA 2 I8 TEGE )1, Rets 40 A0 o R ER v ] fh 28
JGo El%Xﬁ%%ﬁﬁ?EW%:F?EH@E@V\}Hﬁ%W:
— PN E AL SVZ XM T i. 1]

i HHEA: 2010-04-13; f&[EIHER: 2010-05-10
HEWE: Bk 211 TRESTH (884067)
*BIW{E#E: E-mail: mingyaowu@snnu. edu. cn



996 ARl

o 22 %

A DLPRTHC R 1 5 7 A 2R A A P, I A 40 P ¢
S ME IR R, R e, B
HES A i S J M 38 5 7 A3 A 0 M 5 204 A A e I
M, SERIRIIIERE . — A RIE R
TR PES A (glial fibrillary acidic protein, GFAP) [f]
SR AN Mk SVZ IX (R &840 M, 1fy = 6 s
WOAE IE S A RA T MR . TR T4
WL SRR B U4, BRSER IR A M, SRIA TR
MO T FRid GFAP,  EAg R (i) L 0 i 5 40 it
(IR Tk S5 R AE (RO R T 2 4 o T80 4 ()
B , RIS T RAa & bR b ph 2840
NS e SV O B0 & = Be N [T E T
b FIRFFAESL, BRI A Mk B — s () AR B
SRR, RERE A A Il E g R A A e HA
Merk1eS5 M A IX AL I A0 M A T4 S IR e o
Mo FERE ORI T A0 M AF A T IR S T e 2 L 1)
0 o 2 0 B -, B — ST AL R I AN L R 1
FROE, QAR 2L i« & A RpE JsUskL . &
IR AT AAE Sy 22 Fh ol 28 70 R0 1 o 4 A 4. 40 A
1 HLAT 246k SVZ IX R E R4 e . BARAATE
22N SVZ X oy B RAS T A, (AT
Gt/ L R NN IR 0 Ol o e S R K T
R A 5 Tk — 2P AR .

2 METHEREE

5T BSCAA I P 1 e A0 i 30 SR 5V ALK
(5-bromodeoxyuridine, BrdU) %}40 k47458 BrdU
&Ml R E AL SRR, RGN IR S 4B
N B IGE oy R M Rz N, REAAN T
BrdU Hf /K A HiA7 B 7ELRZ DNA o fl 2 T4 g i)
S € Wl BrdU brid 25 G 40 M R A bR S
PR G B A G 0L A TR N . T4 5E SVZ IX
LT ARG T EA . B EH Nestin) o IR
JR AN B RE R AR &Y GFAP . Musahil. MR ZHE
T4 fu Fak (RGP Lewis X (Lex) .
CD133. % ¥4 KN 1524k (epidermal growth fac—
tor receptor, EGFR) FIIMIL /MR ATAE2E KA F 44K o
(platelet—derived growth factor receptor alpha,
PDGFRou) %5 87107 . 4RTfj, BrdU & i 20 24Uk - el
TR R AR K il s s i S 1 TR AL BN #h e
PE DNA A1, ATeKE BrdU 454 2 BrdU ik L.
TR g (0 b PR AT B H 405 21 2 45 K D F 0 AE HU A
TR TPUR . Ik, BFUEEH TR
IR AZ A AU 5 ZH UK T (5-ethyny1-2” -

deoxyuridine, EdU) #4b-F-DNAG GSH A gt 20,
ERPITERI AT A2 51 DNA 4B 1k, Refg Rk
LRGSR TR ek . RIS, EdU b
W LA Z M S had IR it &, e LA A 4y
HEAR L PR TR 5 X 25t B AR A A 2R A . PRI,
EdU w4 FHAEFRIC P KA 24 45 e HAT M9 58 fig 1)
70

3 SVZXHIHZAE

SVZ X7 PR 2 ZR G S i A2 e R R Ak A 8
g5, HRE IR EZ e bR g, 2
EHA P AEETCINRE ) o DOVE IR 9T 2 A 30
SVZ KIA AR A R PR RAE R DR
IR, BRIV DA T l,  BdSph s
240 i 3 G A R 2 AR AR T, A S A A T
B 1B AR BGRRR A 8 0 A SO A 42 T
T B S fh 25 A 385 B HAT HO ph 22 Bl i o
3.1 ‘HAERYIETE

SVZ XA =R B A iR i I A B Rl
LA, B BTSN AN C B R pl Al 2 AH 4
. B RUETEIRTAN MR SVZ X I phee 40, K
RN T AR RPIRE, R BT, &
TITRERE 218 Hb 73 247 A4 C BUOR P 24040 i C
PR R BSCAA ZAE 20 P 00 s P 00 B i A0 AT, A
SVZ DX 34 TR e iiG BR 4, ] PR b7y 200 A B R
AN A BURAH A0 & SVZ X B e 2 1) —
TR, ik p— il B 1 A S Il B AR ORI 70 b
i doublecotex FHMER R AL 1) 4 20 41 i 26 Bt 7+
(polysialated formof neuronal cell adhesionmolecule,
PSA-NCAM) o Lz T4 AR, A 2Rl 2e 4
M vl O AL, I oM na ik R . e
T-/AH A B T AE R SVZIX g R AR i 17— ANk oE
FRVBACPN G, ) 1 A4 87T 40 L ) 184 5 R 204 R AT
BRERH . LCAESE, M RS0 SVZ IXF / 4l
JROPRACEA 55 1 B S AH R 4010 o AR A0 I sl AP R
AERERR A, AR TN R R i AR 28 R AT
RGEREE, SN T T SVZ iRy
NI e AN AL R R N I = S T
HRE T o W 28 FE DR G 4 N B AR KPR F- (vascular
endothelial growth factor, VEGF) (IR TFHEASIR,
SVZ XN, VEGF ik LiR{eit SVZ X2 140 i i)
BEGEAI A o BRIE R AT AEA A R 5 (fibroblast
growth factor 2, FGF2)iliid45&SVZIX ML RiAI R
IR FGF 324K, REAZT / AHAN MU 3 o i



%510 34 B, 5.

FEBR X T A S A R R g 997

VN B A0 A ) A — S PR, R AR R PR 4
EIEA T (brain—derived neurotrophic factor, BDNF) .
e kKR 71 (insulin-like growth factor—1, TGF-1)
G AR ARG B S B Y . BRIk Ah, —
ST S 50 A AR B B4 B A
X, R Sonic hedgehog (Shh) {55, £
W SVZ XA M) 3858 . fe4A4h, Shh 5 SVZ
X pfe A ) 3 JEERe S, JFHAE N M2
53 %8 A 33 0 T PR 8 B A B 38 I 28 oo i Al B e
Hi4h, Y Notehl /7 5 Mg ER 21k SVZ IX
A M G
3.2 ‘HAERYIERS

FH A 28 40 O 18 B A 1) JS o 0 4 B A et
SHRREE, Y RMS IR B T i A B IA R EK
76 RMS BT R B, Bl 20 20 i GE % 4% 25 189 5
I HARSEILER AR [ Pt Js e s et U4 4, BAY)
g AT, #miE “BRXTB”. HA%
(1) AR 20 40 B RN B E R e PSR Ak GFAP I ALTE
IR AR M PR ST ) ) “ R A v, — HOBI TR I
BR, TR ISR A AR AN e a3 B, DRI T B
Bk, S AR A ORI T 2, e A T
PN B NERE o H AT A2 41 B 7E RMS iT %
W 77 AR AL AN 2, AR IE TR P
ISR IE T 53 7 W] e s | TR (R 40 4% A2 J5 ) . Hack
S5 O8I FE AR W06 440 23 40 WA 1) — Bl B I Reelinm]
55 A 28 0 i i 2 R A B, A A A U
JT - Saghatelyan 1o & BURURE 41 A 2 iU 25 (1 -R
(tenascin—R) MM AEE T A28 40 i it 25 kR 41
. 1M B e fd & soph 2 g Mg AT AR SRR S . i
TREA) AT AR R N B SVZ X R 24 g, )
AR AR TR (MRT) A4 P 16 41 B A% (1) sh &0
Bty RIUIEH A BEAAE S eph 22 40 I A5 RMS ()3T
BB TR %] 100 um/h1200,
3.3 ZHAERYSME

BN A I 2 IRERAN [F] () 4l i 25 )5, K&
90% (141 Il 7344 4 GABA RERSURE 40 1, 177 H 4% 40 Jife
W53 4k 2 e R 55 R AP 2 62 . Petreanu
S50 T GFP IR 30 3 S B 3 B AT B SVZ X,
TEL A 2 30 AR AN 0 B G R, IR 4
K BB B S 1. 2 B BROR e 2 e i (AR
Ja 277 d) £ERMS P ATIZ T SR, L 4H
A, NHA AR EFEM AN R
S B 3B EIM AN (AR S 9713 d) Bk Uk A
M)z, AT, T A5 1) £ 1 40 )2 i )

] LRI SE ) BB A BT B AN PR f5 11722 d)
AR IR SEH, ARHEARTE R S 56 5 (B
A (P74 )5 15730 d) HAT BOARUR 41 BRI ERS, B
BT RS, K2 50% [ A R 4 i 7e 7= 2F 2~8
JAJGAET, X ATREE T E NI R & B4 [l %
o T AR SR 4 ) S e T A b ST
BRI I R B, e AT A R ) AR B
SRR, RIS BRI A kS S S R
W, HATESEA K G BEAGEA fer= A ah 1k,
3.4 HEWMZTRMAIIGEEES

ERE RIS, A FL3h i B A
ZIUBAES B O @A R, RS s
PEIEE) . OF L5t R, SVZ K Em&s
O PSR S Y il G E ¢ A STe e VAPNS (10! I o7
Sfpbdi N, SEMEA BRI . Kelsch & 205K
FHPR RIS 81 S T FBE (%) 2 R A i GFP il
HHEEMPSD-95, 5T T SVZ DO ARk #4870
(RITEMMTE s, 45 S R IAE AR S (AR S35, Ok fif
LIS B AT . BRI bR G A 14 RI,
AT B IR S e 5 T Rl — WS A, BRSO A R R
FREEHI AN o BB 17 R, 8 B b S35 o B b — B
Sfil, BEREHASON AT PE EIRR AR N, B BERE B
Ik y— BT MRAE . RN, JEJE M o8 bt ik
TR IRAE N — Bl . AR AR B TR
o ST BRI 1 W] R 2 93D i A Rk 1 22 7
D Re P 3 G i R ook Jsi A i 2 [ B P — A 4 i
MU B AR mER b R s oot ig 5 B 4ot
S TR FR o T I A TR 1 TR B
PRIENZNELSVZ X, RO 18 I8 g 0 A
SR PR AR BR 55 v () 28 00 S MO B B A I AR,
RIWH ARSI 2 TG e S A9 IR 41 LA (B0) 759K
MG RS S i, FETEA A R, eA1gk
GAEIEZ [ M+, IF Hoe— EHRFEL R Ao
ZIUEG B RN, WUREE B AT
AR A P 48 T 1) F R S fi 5 R TR 0

4 FIIRST SVZ X2 A4

K2 RGUAE 32 BIANFRRE L B DI, mT LA
Wh SVZ XA T A, fedbmh 2 140 it K&
BEE, ANt A e oG, BB R 2
B AN CAIITRN], kb 5892 (e 2w
B SVZ DA RS TR AN 22 A, TR i
sz s IR AN R Es), WD
Bra AR ST L, BRI 2 e AR



998 4

o %224

220 M AN [T 1) SVZ 3T H8 B2 B SCIR AR X, 3K
TE A 4% 2 1 508 5 o i 2H 2+ s A i ) S
A0 M A2 B A OGP . Hou S5 80 e i = 8
Aot T EE— 2D T, ARATTHE SD K RUOKN
W K BHZE 1T 24 hnF, e = v N B s AR A
JGHE 1 (EGFP) 130 e sp i mi ke brad 0 R M 4 i, &
DR Al 4 ]85 J5 1588 22 52 R SOR AR X8 EGFP 4
W53 Ak PR 6. GABA BEMHZ G (EGFP -
NeuN'=GADg,") FISENHAH GE #2270 (EGFP'-MAP-2"~
ChAT") o BEFEWITAHERS, X MR AL PR o]
TERR S, FAME AL, IS 2SO N
LU TSI AR o XU B R IS SVZ DXET A i
ZIUREN Dy REVEH AR S B ik b, HAHIER
TEOLT SVZ XA K AL AL A . SR
By, FGF2 A —Mfa sk e &, Rkl s
SVZ DX APET-40 M A A Ak, F B B R 240
) i 41 231290

PREE RGEIRAT PRI 23 RE R o P SVZ IXC (1) fif
2] Batistafy POUYE T SRS (HD)R6/2/)N f
RS, WS AR 5 SVZ X T/ A28 i 184 G 2%
Hahn, A M BETE fE ) R R ) B R T S R AH
Ko PRSI /)N BRI PN 15 3 B L 1K) R0 2T 41 U AE AR A1
HATARAS, EATT LAOREE 40 M ) 3G i e v, T
FURER & A2 T R A 28 40 AR AR ME AR AT AN g
ATHATE . [RIISE, 7R 5 0N B A A 20 40 e PR AT 7%
PREGA R A T AR, EATTHE RMS 1T 2 2 I S0k
PR, A EIRER AL . 7 6- 322 ELL & kAT
PEMA SRR (PD) K U A rp R BN, B 45 41 AH
e, WA 3728 dJa, 7RSI SVZ X, &
PRAES Gy BrdU e BH M40 i 2 2 5%, &t
RN 250 A4 BrdU/GFAP* 41, {H AR 21
BAEMZTC DL R AN 2 e A R 5 B8, X Py Y A 41
WIFFAR AP TG, HED R A 55 1) 25O 2 15
XKLL A S 2R A I E 1) S 22 L IZ RERRZS TT
FF SN2, HEMEUR PD ER ik P IR A2 T
5 RE

B LN AR PR R AR, XA R
B T RATIH LRI K 22 R e AN i 142 1K
Rl I AEME A SRS A ST, 6 AT B P A
T4 M Sl & R AL IS T BB E ORI R
W, AHIBEITANETGHE . AR EEARIEE S L&
SR ITVE I, AR R AR IR I B T
(R 28 i A i R ) N AL S AR A R P 2 e )

AT B AT A T U ) B A, N
S B L M il M Ao 20 2R 00 ) R D RN Ay B
15, AT EE NIRRT 0 o AR 4
HEFFRAT RAESS J1, BAll e it P RERL A
SR IR R

(& % 3 #]

[1]  AlonsoM, Ortega—Pérez I, GrubbMS, et al. Turning astro—
cytes fromthe rostral migratory stream intoneurons: arole
for the olfactory sensory organ. Neuroscience, 2008, 28(43) :
11089-102

[2]  Zhao OM, Deng W, Gage FH. Mechanisms and functional
implications of adul t neurogenesis. Cell, 2008, 132(4) : 645-60

[3]  Johansson CB, Momma S, ClarkeDL, et al. Identification of
aneural stemcell in the adult mammalian central nervous
system. Cell, 1999, 96(1) : 25-34

[4]  Duan X, Kang EC, Liu CY, et al. Development of neural
stemcell in the adult brain. Curr OpinNeurobiol, 2008, 18
(1): 108-15

[5]  DoetschR, CailleI, LimDL, et al. Subventricular zone as—
trocytes are neural stemcells in the adul t mammalian brain.
Cell, 1999, 97(6) : 703-16

[6] LaiB, Mao X0, ChangSY, et al. Electrophysiological prop—
ertiesof subventricularzone cells inadul tmousebrain. Brain
Res, 2010, 1340: 96-105

[71  Merkle FT, Mirzadeh Z, Alvarez—Buylla A. Mosaic organi-
zationof neural stemcellsintheadultbrain. Science, 2007,
317(5836) : 3814

[8] Basak O, Taylor V. Stemcells of the adult mammalian brain
and their niche. CellMol Life Sci, 2009, 66(6) : 1057-72

[9]  CoskunV, WuH, Blanchi B, et al.CD133' neural stemcells
in the ependyma of mammalian postnatal forebrain. Proc
Natl Acad Sci USA, 2008, 105(3):1026-31

[10] Danilov Al, Gomes—Leal W, AhleniusH, et al. Ultrastruc—
tural and antigenicproperties ofneural stemcellsand their
progeny inadult rat subventricular zone. Glia, 2009, 57(2) :
136-52

[11] Chehrehasa F, Meedeniya AC, Dwyer P, et al. EdU, a new
thymidine analogue for labellingproliferatingcells inthe
nervous system. J Neurosci Methods, 2009, 177(1): 122-30

[12] Zeng(CB, PanFH, Jones LA, et al. Evaluation of 5-ethynayl-
2’ —deoxyuridinestainingasasensitiveandrel iablemethodfor
studyingcellproliferationintheadul tnervoussystem Brain
Res, 2010, 1319: 21-32

[13] TavazoieM, VekenLV, Silva-VargasV, et al. A specialized
vascular niche for adult neural stemcells. Cell StemCell,
2008, 3(3): 279-88

[14] Sum JQ, ShaB, Zhou WH, et al. VEGF-mediated angiogen-
esisstimulatesneural stemcellproliferationanddifferentia—
tion in the premature brain. Biochem Biophys Res Commun,
2010, 394 (1) : 146-52

[15] FrinchiM, Bonomo A, Trovato-SalinaroA, et al. Fibroblast
growth factor-2and its receptor expression inproliferating
precursorcel 1sof thesubventricular zone intheadul t ratbrain.
Neurosci Lett, 2008, 447(1) : 20-5



#1089

AR, 5. SRR X T A S el g kR I T Bt

999

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

Palma V, Lim DA, Dahmane N, et al. Sonic hedgehog con—
trols stem cell behavior in the postnatal and adult brain.
Development, 2005, 132(2) : 335-44

Wang XM, Mao X0, Lin X, et al. Involvement of Notchl
signaling in neurogenesis in the subventricular zone of nor—
mal and ischemic rat brain 7n vive. J Cereb Blood Flow
Metab, 2009, 29(10) : 1644-54

Hack I, BancilaM, Loulier P, et al. Reelin is a detachment
signal in tangential chain migration during postnatal
neurogenesis. Nat. Neurosci, 2002, 5(10) : 939-45
Saghatelyan A, de Chevigny A, Schachner M, et al. Tenascin—
Rmediatesactivity—dependent recruitment of neuroblasts in
the adult mouse forebrain. Nat Neurosci, 2004, 7(4) : 347-56
Nieman BJ, Shyu JY, Rodriguez JJ, et al. /n vivoMRI of
neural cell migration dynamics in the mouse brain.
Neuroimage, 2010, 50(2) : 456-64

LIedo PM, Merkle FT, Alvare—Buylla A. Origin and func—
tionofolfactorybulbinterneurondiversity. TrendsNeurosci,
2008, 31(8) : 392-400

Petreanul, Alvarez—BuyllaA. Maturationanddeath of adult—
born ol factory bulb granule neurons: role of olfaction. J
Neurosci. 2002, 22, (14): 6106-13

Belluzzi O, Benedusi M, Ackman J, et al. Electrophysi—
ological differentiationofnewneurons intheol factorybulb.
JNeurosci. 2003, 23(32) : 10411-8

Kelsch W, Lin CW, Lois C. Sequential development of syn—
apses indendritic domains during adult neurogenesis. Proc

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Natl Acad Sci USA, 2008, 105(43) : 16803-8

Livneh Y, FeinsteinN, KleinM, et al. Sensory input en—
hances synaptogenesis of adult—born neurons. JNeurosci,

2009, 29(1) : 86-97

Thored P, ArvidssonA, CacciE, et al. Persistent production
of neurons fromadul t brain stemcells during recovery after
stroke. StemCells, 2006, 24 (3) : 739-47

Yan YP, Lang BT, Vemuganti R, et al. Osteopontin is a
mediator of the lateral migration of neuroblasts from the
subventricularzoneafter focal cerebral ischemia. Neurochem
Int, 2009, 55(8) : 826-32

Hou SW, Wang YQ, Xu M, et al. Functional integration of
newly generated neurons into striatumafter cerebral is—
chemia in the adult rat brain. Stroke, 2008, 39 (10) : 2837—44
Sum JQ, Sha B, Zhou WH, et al. Basic fibroblast growth
factorstimulatestheproliferationanddifferentiationofneural
stemcel Is inneonatal ratsafter ischemic brain injury. Brain
Dev, 2009, 31(5): 331-40

Batista CM, Kippin TE, Willaime—Morawek S, et al. A pro—
gressiveand cel 1 non—autonomous increase in striatal neural
stemcells in theHuntington’sdisease R6/2mouse. JNeurosci,

2006, 26 (41) : 10452-60

Aponso PM, Faull RL, Connor B. Increased progenitor cell
proliferationandastrogenesisin thepartial progressive 6—
hydroxydopamine model of Parkinson’s disease.

Neuroscience, 2008, 151(4) : 1142-53



