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Differences in neural stem cells proliferation between normal senescence and
senescence-accelerated mice

Liu Jie", Yin Hai-yan?, Yu Neng-wei', Qiao Xiu-lan®, Lu Sheng-feng®, Zeng Fang?® Huang Mei?
Abstract

BACKGROUND: In the aging process, the changes of environment in the brain can cause changes in proliferation ability of brain
neural stem cells. The neural stem cells are closely associated with senescence and neurodegenerative diseases. Proliferation
ability is negatively correlated with age. However, no reports have addressed that senescence-accelerated mice served as
senescence models.

OBJECTIVE: To investigate the differences of neural stem cells proliferation between normal senescence and
senescence-accelerated mouse in hippocampus, olfactory bulb and cortex.

METHODS: The hippocampus, olfactory bulb and cortex were obtained from 6 senescence-accelerated mice
(senescence-accelerated mouse prone 8) and 6 normal senescence mice (senescence-accelerated mouse/resistance 1).
Following frozen section, Ki-67/Nestin immunofluorescence double labeling methods were used to detect the proliferation of
neural stem cells in hippocampus, olfactory bulb and cortex. Pictures of immunofluorescence double labeling were taken through
Leica Qwin v3 under a fluorescence microscope. Using 40% object lens and 10x eyelens, five consecutive visual fields were
selected from each section, and image analysis was conducted using Image-pro-Plus software.

RESULTS AND CONCLUSION: The proliferation of neural stem cells could be found both in normal senescence and
senescence-accelerated mice, but there were differences, mainly in the hippocampus and olfactory bulb (P < 0.05). Results
indicated that senescence-accelerated might result in low ability of neural stem cells proliferation in hippocampus and olfactory
bulb.
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Table 1 Ki-67/Nestin immunofluorescence double
staining in the various regions of the brain in
both groups (xxs, n=6, cells)
Group Hippocampus Olfactory Cortex
bulb
Normal 101.64+12.10  54.08:8.27  27.48+4.54
senescence
Senes- 80.79+10.74°  42.68+7.51° 23.38+3.98
cence-accel
P < 0.05, vs. normal senescence group

a: Normal senescence group b: Senescence-accelerated
group
Green: Ki-67; Red: Nestin; Yellow: Ki-67/Nestin

Ki-67/nestin immunofluorescence double
staining in the hippocampus (x400)
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Figure 1
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a: Normal senescence group b: Senescence-accelerated

group
Green: Ki-67; Red: Nestin; Yellow: Ki-67/Nestin

Figure 2 Ki-67/nestin immunofluorescence double staining in
the olfactory bulb (x400)
2 WLEk Ki-67/Nestin fj8 4 AR J4 (1,45 5L (x400)

a: Normal senescence group

b: Senescence-accelerated
group

Green: Ki-67; Red: Nestin; Yellow: Ki-67/Nestin

Figure 3 Ki-67/nestin immunofluorescence double staining in
the cortex (x400)
B3 JJi Ki-67/Nestin 5 5¢ 6 XUk % 14 45 J(x400)

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

3 g

KEMATHE B LA 7AW
P B, SAMP8RER U IR 35 & 5 47 Ay 2 i A% Al
PRIRELARAY, MRIRR T, DS EG FE, E H AR
AR 58 2 i 2324 Kioe 7 J—Fh g Az s, 71
N EIAIG Sy G EMIHIRIL, MEGHIAEKIL,
WA Ky 2 0 M B BT DA 5 N AT R B B 1 R A A
Yy, EA R R, Nestinf ik 81 T4 &
NSCs{#E1E. FKi-67/NestinXUbr gL, ) ny LL%
SE AT O 40 S AN NS CsPo 2,

1k # K Fl Ki-67/Nestin % % 9¢ 6 XU bk 4 (0 30t 17
NSCsHif, 5 EIR, IEHZ/N RSP 2 i
Wy WRER. RBENSCsH LS . X £, FEE
RS IR, AN — PRI R 25, S5 R
WNSCsHRE"® . BARABITTRDL, & AR EhtfET,
P T P9 R 4028 5 [ EENS Cs 19 4t RE 7 A 1 Fo 8 T i
BEAG, ). SR IX A NS Cs B th 4 ik /P20,
RS B 7E TR AOIRES T 5 IE % 21k INSCs
WagE e e, PG WAL E AT, R~ —
LB R T e .

FEAR S, ARG WRLERA R RSN X A
SAMP8 R Ak /Iy B 1E # 2 46/ BU X NSCs 5
28 AR IR g FOLIR P A X, iy FLERGE 2 /N B
B K B > . SAMPS BRI Ak /N L 32 55 e A
Bl SR PR BRI AT, A VIR AE R IR i i R 5 |
(R Z AR R FRS 0 R, NSCsHEFH fig A% R i X =
ARGy WLER, B T RS R A S P Y o T I ERNSCs
BEEEECE DD, AHN AT RS BT A e oo b, BEim
S SCAZIOR « MRG0 SRR, HIX — 45 ISR
DRI 7 45 5 2 7s NS Cs I 5 234k BE 1 78 B K 7% g Bk
o (R B4R S s A — 2, 5 ok B TR R
DU ERI B IR CEE R, A NSRRI P 2 [ 1)
b 22 S L e R BRI 22 S B 8, A A e 4R iR
NS

4 SEwk

[1] Lie DC, Song H, Colamarino SA,et al. Neurogenesis in the adult
brain: new strategies for central nervous system diseases.Annu
Rev Pharmacol Toxicol.2004;44:399-421.

[2] Sugaya K. Stem cell biology in the study of pathological
conditions. Neurodegener Dis. 2010;7(1-3):84-87.

[3] Jin K, Galvan V. Endogenous neural stem cells in the adult brain.
J Neuroimmune Pharmacol. 2007;2(3):236-242.

[4] Whitman MC, Greer CA. Adult neurogenesis and the olfactory
system. Prog Neurobiol. 2009;89(2):162-175.

[5] Zhao C, Deng W, Gage FH. Mechanisms and functional
implications of adult neurogenesis.Cell. 2008;132(4):645-660.

[6] Imayoshi |, Sakamoto M, Ohtsuka T, et al.Continuous
neurogenesis in the adult brain.Dev Growth Differ.
2009;51(3):379-386.

5937



@27&2 WWW.CRTER.Org

Xiets S REEG L E A B IS TR 257

[71

(8]

[0

[10]

(1]

[12]
[13]
[14]

[18]
[16]
[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

@?]&2 ISSN 1673-8225 CN 21-1539/R 2010 #4017 (1/'/4.

Wittko IM, Schanzer A, Kuzmichev A, et al. VEGFR-1 regulates
adult olfactory bulb neurogenesis and migration of neural
progenitors in the rostral migratory stream in vivo. J Neurosci.
2009;29(27):8704-8714.

Lucassen PJ, Meerlo P, Naylor AS, et al. Regulation of adult
neurogenesis by stress, sleep disruption, exercise and
inflammation: Implications for depression and antidepressant
action.Eur Neuropsychopharmacol. 2010;20(1):1-17.

Lee E, Son H. Adult hippocampal neurogenesis and related
neurotrophic factors.BMB Rep. 2009;42(5):239-244.

Gu W, Gu C, Jiang W, et al. Neurotransmitter synthesis in
poststroke cortical neurogenesis in adult rats.Stem Cell Res.
2010;4(2):148-154.

Xiong Y, Mahmood A, Chopp M. Angiogenesis, neurogenesis
and brain recovery of function following injury.Curr Opin Investig
Drugs. 2010;11(3):298-308.

HAGG T. From neurotransmitters to neurotrophic factors to
neurogenesis. Neuroscientist. 2009;15(1):20-27.

Rishton GM. Small molecules that promote neurogenesis in
vitro. Recent Pat CNS Drug Discov. 2008;3(3):200-208.

Zhang RL, Zhang ZG, Chopp M. Ischemic stroke and
neurogenesis in the subventricular zone. Neuropharmacology.
2008;55(3):345-352.

Kaneko N, Sawamoto K. Adult neurogenesis in physiological
and pathological conditions. Brain Nerve. 2008;60(4):319-328.
Galvan V, Jin K. Neurogenesis in the aging brain. Clin Interv
Aging. 2007;2(4): 605-610.

Kernie SG, Parent JM. Forebrain neurogenesis after focal
Ischemic and traumatic brain injury. Neurobiol Dis. 2010;37(2):
267-274.

Takahashi R. Anti-aging studies on the senescence accelerated
mouse (SAM) strains. Yakugaku Zasshi. 2010;130(1):11-18.
Diez-Vives C, Gay M, Garcia-Matas S, et al. Proteomic study of
neuron and astrocyte cultures from senescence-accelerated
mouse SAMPS8 reveals degenerative changes.J Neurochem.
2009;111(4):945-955.

Lu SF,Tang Y,Yin HY,et al..Zhonghua Shenjing Yixue Zazhi.
2009; 8(3):266-269.

R DY, PRGN, 45 AL X SAMPSIHE 1 #14 JuNCAM, NF-kB
TR ] P s 2R s 2 5% ,2009;8(3):266-269.

Lu SF,Shao X,Tang Y,et al. Zhonghua Kangfu Yixue Zazhi.
2009;23(12):1057-1060.

PR BRR, 55,55 R R SR BRI AR/ B (SAMP8)
T T AR 22 T % ] 8 £ 20 00 I 2R B L[] o I 5 2 o
#%,2009;23(12):1057-1060

Takeda T. Senescence-accelerated mouse (SAM) with special
references to neurodegeneration models, SAMP8 and SAMP10
mice. Neurochem Res. 2009;34(4):639-659.

Tomobe K, Nomura Y. Neurochemistry, neuropathology, and
heredity in SAMP8: a mouse model of senescence. Neurochem
Res. 2009;34(4):660-669.

Kuhn HG,Dickinson-Anson H,Gage FH. Neurogenesis in the
dentate gym s of the adult rat:age-related decrease of neuronal
progenitor proliferation. J Neurosci. 1996;16(6):2027-2033.
The Ministry of Science and Technology of the People’s
Republic of China. Guidance Suggestions for the Care and Use
of Laboratory Animals. 2006-09-30.

e N RILHIERFERORES. KT B4R s e SR
2006-09-30.

Tanaka A, Watanabe Y, Kato H, et al. Inmunohistochemical
changes related to ageing in the mouse hippocampus and
subventricular zone. Mech Ageing Dev. 2007;128(4):303-310.
Kee N, Sivalingam S, Boonstra R,et al. The utility of Ki-67 and
BrdU as proliferative markers of adult neurogenesis.J Neurosci
Methods. 2002;115(1):97-105.

(28]

[29]

(30]

[31]

[32]

i

=4

Vlashi E, Kim K, Lagadec C,et al. In vivo imaging, tracking, and
targeting of cancer stem cells.J Natl Cancer Inst. 2009;101(5):
350-359.

Kim JS, Jung J, Lee HJ, et al. Differences in immunoreactivities
of Ki-67 and doublecortin in the adult hippocampus in three
strains of mice.Acta Histochem. 2009;111(2):150-156.

Luo J,Daniels SB,Lennington JB,et al. The aging neurogenic
subventricular zone. Aging Cell. 2006;5(2):139-152.

Haughey NJ,Nath A,Chan SL,et al. Disruption of neurogenesis
by amyloid peptide and perturbed neural progenitor cell
homeostasis,in models of Alzheimer’s disease. J Neurochem.
2002;83(6):1509-1524.

Jin K,Peel AL,Mao XO,et al. Increased hippocampal
neurogenesis in Alzheimer’s disease. Proc Natl Acad Sci USA.
2004;101(1):343-347.

REANRENES FR—

HE£#FE: BRXARBAF AL ZT XA R IR
(90709032): #4324+ ) 4 1 69 s 1 b 2 4m iR 38 78 5
Mk dh 5 Ak m)I| 4 F AR 4£(092Q026-025): LR
Pt ik A R DAY B R A 695 F W 48 4 R AT A

FY 73058 RFAAR BAEAT ] READ R o £ R EMEF
SRR F 4 R B 04 2 7R A A 6 B

BEHRIEYF e ik A B(SAMPS8) &4k ) iZ 2
FARR 5 T AT H A 09 K T HUE], vABOF N R % A RS
Tl e B F, BF A EF 24 R (SAMR1)E A
Lot BIATHE R AR Peik A An B Z A R 8] 4 5 22 £
FRMAH AT WA, FR—FAR, AR A A7
ST mIRIg I LB ATA L B, At —F AN T A R
AL, A aAER 694 B R A — R 8 I IRIE.

BEITER) “£H /7« AL ) Nestin &8 2%
AT A 44 B FRANA GG AT AE; 2R 69 Ki-67 2 —
eI R, EmILEHE G, S, Goh M #H KA,
e Go BRI, HIAK R mRIGTAPTLF . R mfitdg
FAG) RATAREM, A SRR, TEBR R L 248 A .,

I E RIS T E: 2R —h5idAE, Ktk
B R R 8 APk A Fe B E A S A AT 2T fmfie,
YT £ 5, A5 Rz e % ANET R &, VAR A R ) 44 2L
B A 2T e I IR T A £ .

TG 1S KA M E: 525045 RN iz AR A 6 L A A dfe
JTRAMRIE, Aik4E SAMPS #4741 2 F tm Je A R4 AL
B

LRI IR ) At

CRTER %7 “F4BH” WUERBASR: ATIZAL

1, BERSTF tmih, Brio B R T mie, FRA
FRFmpb, RECANGEYFHIELRT 4

Mo A B 5 L.

5938

O MMM EE: KM T it

O EtafRIERET: FET @MLKk oit
BIBIRSE, IRISE T QYW R ), A0 RNAGY R
15, Falel - FALAERT.

O Emit B E: KiET e T IEARL,

Fim ek B 45 A BARRL, T @il
JR AT BT,

oML T FER: FETELMGFE
INEAER s A,
P.O. Box 1200, Shenyang

110004  cn.zglckf.com



