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RGOV HERERELTBSAT A L TALY,
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E2 G-CSFOMRIE®
C) DMEmHE L

KO PMNL IMEME (v) 20%KE (af) K- THERBALTEN, #ELA-SROPMNLATERSTEDEE LIS

(5ED), B CIIBTRbIREE DAL F'1‘l IHRL (Aandb), PFERTIIERE FORERMCRRL T2 (¢), wi'nd

hematoxylin-cosin B T, A FFhFha | x40, b : x400, © : x100.

endotoxin D FRPHEFIZ L BN/ REREORTER (Qandb) 2HUITHERERE

E3  BEfFRERARDAR M - PMNL B0k a4k, REERRTICE L.
PMNL 212 ¥ KB endotoxin TE AL 1492 24 B5 il i~ 12 —&1.0) HERTEEEET 12 13 Dunnett test, Kruscal-Wallis test,

AR RELZbCOD, Eifk107 3 UM IG-CSFHRS MM

HE L THELRMIARES R, 7— #1247 [P+ Scheffe test, repeated-measures ANOVA, Wilcoxon

B2 | THRT. *p< 005 (Dunnen test) : ¥R 10SH D signed-rank test # vy, 7 — # 13 [l 1Rk
G-CSFR S8l » O H L. WME| TELTp<OBEHFEEHN & L1z
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g 1 1 1 FEIM b o5l PMNL 8o @ F Tz @3
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1 A 109™ . 2 = - =
Digs of Qidistion Elactate REEO BN (B4, A), Bk UREHEK
+ deoxy-Hb 72 & TFIZ total Hb i@ O FHeahn (4
B) MBS LIS,
IZG-CSF (/4 boir® hytBE) 40 . gH%ES5H -.F"Hi!] (Rn&E, ACHmEmer, MERE) B85k
ML, SR107ACIKEXEAIZ endotoxin FERT—¥ fﬂéfﬁmmi ﬂqmi Hil, RE) ©
(E.coli 055 : B5, Sigma Chemical Co) 20 mg #{EAL EgTiRwiInsFELEIEDLNLY, ERANE
= (E3) 2, BB OEHEN T A -4 fﬁ (L, FHBIKE,

EABEM I endotoxin 2 {EA L 7= 24 B (i8R 108 M 258, Mm@ PMNLE, HbE L Flactate &
H) KEFZ38 (Fn=5) 29, FhFfFhicER BE, oxygen content, HESPHLIRE) OB TLE
BWEELEN LAY ¢ Bm#FCRnEROH WaE kL b o7 (Kruscal-Wallis test) .

40% = EERM L TE S MEMNE* AT, ZRGnF BRME 2 o I BRmE B AERAMDOTF
TIEH B 7R O #) 40 % % olES I e M 4 & Zridesim L HWRE & R AP total Hb BAE ORIz IT v
THMCE L2 RMEESEFOLLZAR/L, Fh¥ ThoBEOFALEBRL CEELZSBOLAL
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ARTIEEM D & ISR TS i’%‘hﬁ‘T T, MiFHEsth L hICHERE LA (F5, A), SOMiZ%xsR
Ho iREEDZE® * NIRS IC Tl g L /oY, FARE BMHFTE—AETHEEORE BEEINL. BFE
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B4 FKEH endotoxin i A H D 24 BEM 2 317 2 K70 9 oxygen content & & UF)C lactate iR (@), 35X UFBE#HER Hb @
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006 (Dunnett test) : §FER 108 HOMMAM MMM E0H#, #p<0.05 (Scheffe test) : RAFHR4FMIZB 53HMTD
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BrkESEAMIBEOSRS, BENTRICIZH *p< 0.05 (Kruscal-Wallis test)
L RERELRBOR DT,

EFPREBER B 2 MBMAZHRBRORKRE

=BEMTHBELTRICTRLE BOBo4mE AMmE
D4FIZEFNFRPVLA MBS ALA (6, A), —
ALV OEREAEME (#F>500 4 m) TIHEEH
CEHShRERL L, HEETIRPESERMELE
wehihol, 7, Rolo1#:Rubto26i
RPVLOALZOCYERTERYERBETIEREDE

mMFERARE SN (H6, B). FLo kT
REOPLIADTIRBETIREREFELSN
(@6, C), BEMMIZIZSHELPIR: WERNENE
FhTwi-.
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goh (%W, M
4 I SR FE Wt D i 2R IR
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HmsE+, S5I¥EAERNICendotoxin ¥ EA LTS
LEBBTEGEES A LI, AFEOFEREL
EThHLIBEROBE LV ICHERERELHY
FTAZENTES. Endotoxinfi5-H o 24 BE 288
Ban-—M%old PMNL B iz (E3), WL
HEUCHRIC BV TRKROPMNLYMERNEN6EK
BElzidr o THEERBLLERTEBRLALOLEER
iz,

[E]6F 1= = @ X 2 43 B AL+ oxygen content O #FHERY
Ak lactate MO — Bk (H4, A) PEHLL,
SEEOFEM&EIRBFICERESR*FNT LTSN
e, b h A RHEIZE L AL T v i
RAERONTITHER L THERBSLHR O E
L, TOERE L THRBME TON ARRAREN Y
MicfEsk s CEREEAURE S ALY T, —h, Zok
BB EEREEVTERSATV bR DS
¥, NIRS i X 5 b g 34T | < 134000 oo B oin o ik 24

FUNCEE T AP

M BVT A AHEOFESORICREEELA G
TRANOECENONERTEREEEE T A E 2
TEWLRL (RH). ¢ 21t/ UM

hoiz & o THHFE~ORBEMRIBF LT, ot
oxygen content (X8 & il L7z is b b & 9
i oxy-Hb MEAET L2Widd b 2, deoxy-Hb%2 &
iz total HhBEVFEMICHEELMMERLTHEY
(4, B), Z#idbrain-sparing effect (ELF, BSE) &
Mfh 2REmAOHFEIZ G LT AT R m A
MZrAbD LRI,

BRI BSEX BB EN T AREICBVWTE &8
AEMEMERIER LA LA, MaicEE L3
FETTOWRMATERE (K1) ¢ & #8223 HEFEY
HERr=gilent.

E—OHESRERATIC L THELC A HEED
total HhiBEIZ B 2L OBREIZH 7. REBOK
MmeF (-15.2+28%) b FIzERMWMMmE (-10.4%
4.9%) I2BIT HERAMEEROBARKAE (E5, B)
BTN OERETERI- BT MM ((42+08%)
LHFIRREN (331205%) ORkEAE (B
1) HEBRLTHEIZKED o (p<0.06 : Wilcoxon
signed-rank test). WEERTED 6N -EIBOERE
KB B TIHRAGICEBENTWABSEIZL S
AL total Hhi@EOHMMIATIZIERLTEN, &%
BTILMEE L CHRAMELEMRE L TREMIZBSES®
B L% o T REMEASTRME S fL/s.

B _oolEed, ZRHBMFTIIERETICEVT
IhEITHRLTPVLAENSII T2 KERIZHEW
T b E#E D total Hhi@BE 125 L TRBLIT D2 il
Lozt ddbed (Hs5 B), FO0%DHK
FRICPVLYER SN AL THD, Bld e irieg

— 82 —




2008 (FE20) 128

MEFDHMTPVLORERELFOBREICENTOHOLN
frofoZ Edb (F1), MEBFCEL-REBMIE
BELA(MLERIZLI-THERER b0 L#ERAN
7

B=OHBSREERCIHRLLTD20~-40%D
BRI BVTPVLIIMA TER TARIESRENE
MFFERASBHhZETHSL (H6, BEC). k
FUOHMMWEIDOFICELLRERENIBAT
Wit bl b, BEFREICE A B it A 50 IR B
CENMETERLE, AR BnEFERIZE
SThANFEIERLTHLL oMy, &
Lz, ERTHRER—-EMICRZFEEAR-ERLT
MARFBEBTHL7:0, XERTHR S L KEM
I3FFRETEBRTPVLESH L EBMIcHEBLTE
h W TH o LA REEA .

LizHoT, RERTRERMAHEOLOIZ LA
MEPERETRL, BTRATLREBLE L T2K
BSEMMigahiC o #AEELMEN 2 H Mg
MEEEEVSE2ALEETHY), ToE, Bm
BHOZLLVRMOARFH NLZBRRMEFIZH WY
TPVLBLUFERTEROSREN MIBFER A ER
ENLOEEBEESNT, Fuk Olofsson it FENEF
FEIE & BT 2 17 B TR o0 b AR W0 R i o 28 D i 2 & R
LTW, ot ABSEMHILENLETIE, X567
AEMEAFLACHLTHESMMA MM &2
EAICERANS, LhvGALrHFL TRV
EEEML. REBOBEIE ) LLAEBERE LT
MLZwEAhd, BSEFMEELRAS LS 2R
BOLHAVEMELBSICREBRIZZ @S T
&F, TOMMEE B EI Nl L TS 2Rl M A5
BEhabvwIFALTRELIEHTA .

BEDEBIZLEFWT, BA~DG-CSFRBiEEE
KM endotoxinfEA I Lo THB SN HWEOTHNE
EOGL LT, BREEICLSEREFICHL THK
M VERD L 7= B 1 i ot B 0 SN B AG 1 R 1 FE A0 R AR
FLL2WRMEWIcL-oTHELST(, FO#%E
LaBEM - TERZBFRIEZAEARON
HKWMIOA L TERTARICZREWMIA G S
ENATREENEVEbDRLDIEER LS. L4
T, BFORERDTEI-ERT 230 FEARER
WHRWMIREISHT S HMERFO—2 LEZ LT,

5.8L%VEC

BEEHEERRICELL WM OMAEL R+ 2
BitEd, chiFYTsi-0088eiEeMat
AIBRIEELIEFEVWLANICHLELTbY Y
B2, BE, bhbhBLROMERREEHTA T,
FOBMERE LT [FEARETIIZ { #R~OE
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BEERAMIZL - TIHFICENSN/BSEIZBVTWM
RN (SR~OBRERSFICIIWMIFHYRTE
B TB#BR~OBFERAFOM FIRSICL3WMIF
F5%h 4 #5| [microglia/macrophage, astrocyte,
oligodendrocyte RAVEHB O A WE & EERF 2
CZEIELoTERTAROUFEARWMIAEE] LT
Vh, IhPLOERERSAIZL o THEWMIIZMT
L2E(DBKRLLUVXRMEFRBT I LEHE
LTwa,
X ®
1) Volpe JJ 2008 Hypoxic-ischemic encephalopathy :
Biochemical and physiological aspects. In : Volpe JJ
(eds) Neurology of the Newborn. 4th ed. WB
Saunders, Philadelphia, pp 245-324
2) Matsuda T, Okuyama K, Cho K, Hoshi N, Matsumoto Y,
Kobayashi Y, Fujimoto S 1999 Induction of antenatal
periventricular leukomalacia by hemorrhagic
hypotension in the chronically instrumented fetal
sheep. Am J Obstet Gynecol | 181 | 725-730
3) Kusaka T, Matsuda T, Okuyama K, Cho K, Kishida K,
Kobayashi Y, Fujimoto § 2002 Analyses of factors
contributing to vulnerability to antenatal periventricular
leukomalacia induced by hemorrahagic hypotention in
chronically instrumented fetal sheep. Pediatr Res |
Bl : 204
4) Matsuda T, Okuyama K, Cho K, Okajima S, Kobayashi Y,
Hoshi ¥, Kobayashi K 2006 Cerebral hemodynamics
during the induction of antenatal periventricular
leukomalacia by hemorrhagic hypotension in chronically
instrumented fetal sheep. Am J Obstet Gynecol ; 194 :
1057-1063
5) Watanabe T, Matsuda T, Hanita T, Okuyama K, Cho K,
Kobayashi K, Kobayashi ¥ 2007 Induction of necrotizing
funisitis by fetal administration of intravenous
granulocyte-colony stimulating factor and intra-
amniotic endotoxin in premature fetal sheep. Pediatr
Res | 62 © 670-3
6) Duncan JR, Cock ML, Scheerlink JY, Westcott KT,
Meclean C, Harding R, Rees SM 2002 White matter
injury after repeated endotoxin exposure in the
preterm ovine fetus. Pediatr Res | 52 | 941-949
7) Dalitz P, Harding R, Rees SM, Cock ML 2003
Prolonged reduction in placental blood flow and
cerebral oxygen delivery in preterm fetal sheep
exposed to endotoxin [ possible lactors in white
matter injury after acute infection. J Soc Gynecol
Investig 1 10 : 283-290
8) Jensen A, Garnier Y, Berger R 1999 Dynamics of fetal
circulatory responses to hypoxia and asphyxia. Eur J
Obstet Gynecol Reprod Biol | 84 © 155-72
9) Kiserud T 2005 Physiology of the fetal circulation.
Semin Fetal Neonatal Med | 10 | 493-503
10) Fu J, Olofsson P 2006 Restrained cerebral
hyperperfusion in response to superimposed acute
hypoxemia in growth-restricted human fetuses with
established brain-sparing blood flow. Early Hum
Dev ; 82 ! 211-6
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EifnE 2o b, BOESIZEEREE & MBGIc, SRR {ERE L IR ETE |
B s, HEdKBEERIc, MENZEE, HETH, TE
f, MELEGERATS. GEINEPRC, JEIEN
~ALSRTZ, HETIEANT SFHICHEIRERPER
f<HEL G L REBORRCEL S,

BRI BETIEREIEC ) LBEOSE0ARCE
CEFEE, MEMICPEEL 2, 2@, ERRTFCTECS
ME(7AT7 43 7HERE) EcoPlEns (k1)

R bR SR D EERTL IS { IREAETE LR
weHhh, EHE0AUMCHERSNLS, RBRZIBERTE
HEEAEC) cELTRHETORAREC & 5 HHE, &
%, Chiari 378 (E) %, RERMFLIMEEFTSHS,
FERTHETH S C LSV, BENETFOMC, Tl
EF(EHR RO LZOMEORELIA IV IRE
HXh3, BEOEHEELT, #ETANEIERNRD
ETLroMENEEEATED, PR ELERIYAMN

FAN P ERmEBNE 2 —/ AR
VN EoHE M R )

BRREEREEO

FEXETE
1. #HEERR(~3A)  SEE WHRERA, BE. Chiai GEal
2. £FTH (~208)  SEEARE-ZHEELE
r BEAE->REERE
TOa-NERRZE
(Dandy-Walker EERITE L)
(z08~) : AR BINE SXERKEELE
3, B TOMRE PO, BREE

AR DR L 7R

FA74 3L 7RERS (EOEERREET HINBSARCELZL)

08
1. BB A bAHO, ARAZR, /UL, BB, HV, bEUTSX

. e
2. KRR, TOR

BED

LEEF BHEH

#5 1 H 400 pg DRBBMAHATN T2,

chicsl, MEMcE sERREICHMELATA
74 5 THERELRSNAT:S, JholmiEER
WEE, MENEARRLECRESH, ReLHEER
LA TEREREENMETS. UTR7AZ74 30 7E
BEEWIcoWwTHARS,

FA74 ¥ 7IEERE

FA7AFTEREREERBRETA7 4507 LT
L:ERETES, [7AZ74%27] i, BROTEA
ERRREIGETL, MRERNMMNET S RETHS, X
o, oo e [{EMNE (hypoxia) | & AP OREEL
SAMETFLTUIREEVY, BEEE L THEPORMR
ELHEDET, 2%0h, ERFELE (hypoxemia) &N
(ischemia) 2fH 22,

BIARLTAZA T THERSORAZ ST 3. 280
hoaBholEEHbES E, BEES5RDHEENCE
X123 26k, BANMCEREZEZLLELOOHER
MkREMLAFEzaL2 L, BRMCEETET7A74
o PHERERE S CHENRLC LITFEIN,

s OMPHBOBPEDBRTAZ A X THESH
EMEDOA D= ALHHEHER-2TETVRS,

Chiari B (822 MRI)
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aR/MHE IR
s 20% 5%
na SHOELE RS
BoERRE b Yl didid H
TERHM (WA R E) FTEARMRRAT2
FEARERD Cysmorphic syndrome
BHORERR
(s XkEEE)

BARERZEEICHALT, ORESRETICLLEL-
T, H 4 ONSosGENCMbsREBICIEREHRS
T3, Ldl, TSREBER L LAMETTS & RAERM
BEL, ChonREOMFICES, 4, EREERO
REREFCBROEMNE L EEFRET, R H
WMT3, 7A74FLTROBEBMDAH =X LIRERE
a3 ELEO R oRE L OS> 78EOR
BTHatvbnd, HRITLANEELTIREICER
EFBINHIC Lic o THMAFAEAMNRETZ
H, ATP XA TAC LT, FESEMEWELS | EEC T
ZENEIGNTVE, X6 NLOERMICTIRFIRIE
T3E, NAA—FFF, HiO2, EFF>32H 15
C DFHBTEL 277V =PV HNAPERREINNENE

Aiae, PEREERETS,

BRRERERORBEC > TREES LS. iRk
SeTREZAESEREECRBI L aRMENET
H3, chiR, BEREELEVTIRABRICERL, O EZ
AESRONEMBORBYE, @ HNKEBHEHREOE
B @QHEEFL IV ITFYFrSY TORER
HAEASNEROHTHE, ShicHLERRBTI, XBEEK,
EEH, ERE~OKSHEMEIELMELLS,

FEREOFIH A

BEREMEDI L, BERBILKRNLAMEEATC
EHEFVDRREL, MERICMELE7A7 43 718E
MEi:, BULESSRTRCL ST, HEROHGI
o THMEELRPBICIEDAD, BEENEES C LT
E3MMEENSS, HEMBRORE=2) YOl
IBRERFORHEFBIC LA, HERORE Y5 4
DEA, BEFRRERHEBOFERNREDOTE, &#
BRI ENE,

LaL, THILAESCLMbeTY, wotAREBEh
REEEBLTEET A bR RKRANMETHE, H
EHREETIMTFCNL, MELBCERETIC LR
HEETH 3, HEMTHRRAERFCHT sliEgRizas

3 z ?1?’-{-‘:—-97‘{';&&;-"’1’31 —'—m:mezmz&im:g:' r:eb_na'h_zl-_r_s_rlic_c'pﬁarloﬁmy(\a'élpo

B DEEOR

TR ARk
3B% 10%
RS R F FERBOOFL
TEES HERES
Lo g
BV
MEAE
bedtin
WTerwy, LiL, EF RENEHROEE 530

RBEEHEENE LAMEEMOGIRICHFL wE RIS
5NTWVEY,

FEDT 4L (neurogenesis) BT L D, BRITERER
BOAFTERBEZATE:, COABIZAE (O prolif
eration, @ migration, @ differentiation @ 3 BRE <41}
615, W 2HDBPREIL HIE T 7 MiisuT, O,
@oMEZEEL:, LbL, BBheFiesnT, B
smoﬁn—u/aaaﬁinuumnwaa LERL
RBHREb ALY,

—7#, HIE 7 v F %7V multipotent astrocyte stem
cell ZUIHE, HRMBHL, RESEOMBT=2—0¥rv—
71 —FS{E (beta 3 tublin, NeuN) DB~ DSt HETE
&V IRMYP, neural precorsér stem coll & MR E
HiL, HE=2—p v LBHERSE=2-0YD2y }
T—2BREEH LA I RBOASHEY, Lhl,
T3 LASHEMOMESQ COMEEN O HEE: X ERE
OUBLEBEBMBLARMSRASHLZWL, T LABE
EMcRBOBECIGATEI MOV TR, SBEs:
IERMBETH S,

X R
1) Euhud.lvl.tbﬂdopmematlhumuﬂmumh Levene
L{I.!.l]!mdm editors. Fetal and m1l
2nd ed NewYork * Churchill Livingstone ; 1996
2) ‘Elﬂ. BRFERERSERARE. ﬁﬂﬁ#ﬂ REwne
BnESBENG BN GulUEE 2002 p 268-87.
b)) g:ﬂ?smuﬂwamldbﬂhhluﬂ Cell Tissue Res 2008 ;

4) Ikeda T, Iwal M, et al Limitted differentiation to neurons and astro-
giia from neural stem cells in the cortex and striatum alter [schemin/
mil.nmthe neonatal rat brain Am J Obstetrics Gynecol 2005 &

5) Laywell ED, Rakle P, Kukekou VG, et al ldentification of a multi-
potent astrocytic stem cell in the immature and adult mouse brain,
Proc Natl Acad Sci USA. 2000 ; 97 : 13833-8

6) Park KL, Teng YD, Snyder EY. The injured brain interacts recipro-
cally ‘with neural stem cells supperted by scaffolds to reconstitute
lost tissue. Nat Bioud:nnl. 2002 ' 30 1l11-1'
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INVOLVEMENT OF CYCLOOXYGENASE-2 IN
LIPOPOLYSACCHARIDE-INDUCED IMPAIRMENT OF THE NEWBORN
CELL SURVIVAL IN THE ADULT MOUSE DENTATE GYRUS

G. N. BASTOS," T. MORIYA,™ F. INUI,* T. KATURA®
AND N. NAKAHATA®®

*Department of Cellular Signaling, Graduate School of Pharmaceutical
Sclences, Tohoku Universily, Aramaki, Aoba-ku, Sendai G80-8578,
Japan

#21st Cenlury COE program “CRESCENDOQ," Graduate School of Phar-
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Ab t—There is growing evidence Indicating that neurogen-
esis in adulthood is influenced by certain types of the central
diseases such as neuroinflammation, however, its mechanism
is not fully understood. This study was, therefore, designed to
examine the effects of lipopolysaccharide (LPS), a bacterial
endotoxin known to cause the neurcinflammation, on the neu-
rogenesis in the dentate gyrus of adult mice using the bromode-
oxyuridine (BrdU) ~pulse chase method. LPS failed to affect the
number of BrdU-labeled cells in the dentate gyrus 2 h after BrdU
injection, indicating no effects of LPS on the proliferation of the
neural stem cells (NSCs). On the other hand, we found that LPS
dose-dependently (0.1, 0.5, 1 mg/kg) decreased the number of
BrdU-labeled cells 7 and 21 days after BrdU injection. We also
observed that LPS increased cell death in the dentate gyrus
using terminal d leotidyl transf mediated dUTP
nick end-labeling ['!UNELJ l‘llinlng. suggesting that LPS im-
paired the survival of newborn cells derived from the NSCs. The
double-immunostaining for BrdU and specific cell type markers
revealed that LPS did not alter the commitment of the NSCs to
the and astrocyles. The systemic injection of indo-
thacin, a non-selective cyclooxygenase (COX) inhibitor, and
NS298, a selective COX-2 inhibitor, but not SC560, l selective
COX-1 inhibitor, did not only liorate LPS-ind
sion of the newbom cell survival, murypronmdsgalmt
the LPS effect. Furthermore, the central injection of NS398 also
ameliorated LPS-induced suppi ion of the t cell sur-
vival in the dentate gyrus. The treatment with LPS i d the
expression of COX-2 protein 7 h and 7 days after the injection in
the dentate gyrus, These results suggest that LPS impairs the
survival of newly generated cells derived from the NSCs in the
dentate gyrus without affecting the differentiation fate, and
these effects of LPS were mediated presumably by COX-2 ex-
pression in the dentate gyrus. © 2008 IBRO, Published by
Elsevier Ltd. All rights reserved.

Key words: dentate gyrus, lipopolysaccharide, neural stem
cells, survival, bromodeoxyuridine.

*Comesponding author. Tel: +B81-22-795-3843; fax +B1-22-785-3847.
E-mail at}wass mnnya@mal pharm.iohoku.ac.jp {T Moriya).

Abb BrdU, b sriding, COX, ygenase;
doublecortin; GCkgmdanﬂlm GFAP, gtalﬁbrlzrympmtun
LPS, kpapolysaccharide; ML, molecular layer, NeuN, neuronal nuciel
protein, NSCs, neural stem cells; PB, phosphate buffer, PBS, phosphate-
buffered saline; PRSGT, phosphate-buffered saline containing 1% nomal
goat serum and 0.3% Triton X-100; PGD,, prostaglandin D,; PGE,.
prostaglandin E,: TUNEL, terminal deoxynudleotidyl transferase-medi-
ated dUTP nick end-labeling; 15d-PGJ,, 15-deaxy-prostaglandin J,.

Recent studies have revealed that the neural stem cells
(NSCs), which possess the abllity of proliferation and dif-
ferentiation into neurons and glial cells (Ono et al., 2001),
exist in the mammalian adult brain, including the anterior
subventricular zone (aSVZ) and the hippocampal dentate
gyrus (Gage, 2002). The NSCs in the dentate gyrus are
known to lie along the border between the hilus and the
granule cell layer (GCL), so called subgranular zone (SGZ),
and to migrate into the GCL and to differentiate into the
glial cells and the granule cells, resulting in the generation
of several thousands of newborn cells each day (Cameron
and McKay, 2001; Christie and Cameron, 20086). Further-
more, the small portion of newly generated neurons is
reporied to be Integrated into existing neuronal circuitries
(Mandyam et al., 2007). The role of neurogenesis in the
dentate gyrus is still unclear, however, several lines of
evidence suggest its involvement in the learning and mem-
ory (Gould et al., 1999, 2000; Shors et al., 2001; Aimone et
al., 2006; Dalla et al,, 2007) and neuropsychiatric disorders
(Elder et al., 2006). Interestingly, the proliferation and dif-
ferentiation of the NSCs as well as the survival of newborn
cells are dynamically influenced by a certain type of brain
injuries such as ischemia (Sasaki et al., 2003), epllepsy
(Takemiya et al., 2006) or neuroinflammation (Quin et al.,
2007). Thus, the identification of the signaling molecules
regulating NSC activity may contribute not only to the
understanding of the neurogenesis mechanisms but also
toward the development of new therapy against neural
death.

Recently, lipopolysaccharide (LPS), a bacterial endo-
toxin, is reported to modulate the neurogenesis in the
dentate gyrus of mammalian brain by causing the neuroin-
flammation including the activation of microglial cells. Ek-
dahl et al. (2003) and Monje et al. (2003) independently
demonstrated that the peripheral administration of LPS
diminishes the neurogenesis in the hippocampal dentate
gyrus via the activation of microglial cells in the brain. The
neurogenesis consists of the proliferation and the neural
differentiation of the NSCs and the survival of newborn
cells. However, it is not clear which processes of the
neurogenesis are diminished by LPS. Also, the molecular
mechanisms underlying the impairment of the neurogen-
esis elicited by systemic treatment with LPS are not fully
understood. In general, the central and the peripheral ac-
tions of LPS are mediated or enhanced by the arachidonic
acid cascade. In this cascade, two types of cyclooxygen-
ase (COX), COX-1 and COX-2, act as rate-limiting en-
zymes catalyzing the conversion of arachidonic acid to
prostaglandin H, (Bazan, 2001) and several prostanoids
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such as prostaglandin E, (PGE,), prostaglandinF,,, pros-
taglandin I, prostaglandin D, (PGD,) and thromboxane A,
are known to be produced from prostaglandin H2 by spe-
cific synthetase (Nakahata, 2008). In addition, LPS is
known to increase the expression level of COX-2 not only
in the peripheral tissues but also in the brain (Bazan,
2001). On the other hand, COX and some prostanoids are
reported to involve the modulation of the neurogenesis in
the dentate gyrus by the ischemia (Sasaki et al., 2003) and
the epilepsy (Jung et al., 2006). However, little is known
about the involvernent of COX in the modulalory actions of
LPS on the neurogenesis in adult brains. This study was,
therefore, designed to determine which processes of the
neurogenesis in the adult mouse dentate gyrus are af-
fected by LPS treatment and to clarify the involvement of
COX in the LPS actions using the bromodeoxyuridine
{BrdU) —pulse chase method and terminal deoxynucleoti-
dyl transferase-mediated dUTP nick end-labeling (TUNEL)
staining.

EXPERIMENTAL PROCEDURES
Animals

Adult male ICR mice (SLC. Shizuoka, Japan), G to B-weeks-old at
beginning of expenment, were used. All mice were housed in
polypropylene cages (31x22x14 c¢m) with wood shavings, and
wera kept in an environment with a controlled temperature
(23=2 °C) and light (12-h light/dark). Food and water were avail-
able ad libitum. All procedures were conducted in accordance with
the guidelines of the Institution for Animal Care and the Use
Committee of the Tohoku University. All experiments conformed
lo intemnational guidelines on the ethical use of animals. All efforts
were made to minimize the number of animals used and thair
suffering.

Drug treatment and sampling schedule

Mice received vehicle or various doses (0.1, 0.5 and 1 mg/kg i.p.)
of LPS from Escherichia coli 0111:84 (Wako, Osaka, Japan). Five
hours after LPS treatment, mice were intraperitoneally injected
with BrdU (50 mg/kg; Nacalai Tesque, Kyoto, Japan) to label
dividing cells. Two hours after BrdU injection, some mice were
deeply anesthetized with diethyl ether and then, were perfused
intracardially with 25 ml of chilled saline followed by 25 ml of 4%
paraformaldehyde in 0.1 M phosphate buffer (PB) and thereafter
their brains were quickly removed. The remaining mice were
retumned to their home cages and were maintained for 1, 7 or 21
days. Thereafter, animals were anesthetized and perfused as
described above and their brains were quickly removed. In some
experiments, mice were treated wilh the non-selective COX inhib-
itor indomethacin (10 mg/kg i.p., Wako), the selective COX-1
Inhibitor SC-560 (12 mg/kg i.p., Cayman Chemical, Ann Arbor, MI,
USA) or the selective COX-2 inhibitor NS-388 [10 mglkg i.p. or
1 1g/10 pl saline/mouse |.c.v. injection, Wako] 1 h (i.p.) or 15 min
(i.c.v.) before LPS injection. In one experiment, mice were first
Injected with BrdU (50 mg/kg i.p.) and received daily injection of
LPS (1 mg/kg) for consecutive 7 days, which started 24 h after BrdU
injection. Twenty-four hours after last LPS injection, their brains were
sampled as descnbed above.

Immunohistochemistry

The brains were post-fixed in 4% paraformaldehyde in 0.1 M PB
ovemnight at 4 *C, followed by immersion in 20% sucrose in 0.1 M
PB for 48 h. The brains were cut inlo 40 um sections from the

rostral 1o caudal edge of the dentate gyrus using a cryostat
(MICROM HMSEB0, Mikron Instrument, Inc., CA, USA) and the
sections were alternately divided into two groups.

For BrdU-immunohistochemistry, one group of sections was
treated with HCI (2 N) at 37 *C for 20 min, followed by neutraliza-
tion with sodium berate buffer (0.15 M, pH 8.5) at room temper-
ature for 10 min. After three washes with phosphate-buffered
saline (PBS), the sections were incubated with rat anti-BrdU an-
tibody (1:200, Oxford Biotechnology, Oxford, UK) diluted with
phosphate-buffered saline containing 1% normal goat serum and
0.3% Triton X-100 (PBSGT) at 4 *C ovemight, followed by Alexa
Fluor® 568-conjugaled goal anti-rat IgG (1:200; Molecular
Probes, Eugene, OR, USA) and 1 ug/ml of Hoechst33258 for a
nuclear counter staining, diluted with PBSGT al room temperature
for 2 h. For the double-labeling of dentate gyrus, another group of
the sections was processed for sequential iImmuno-staining using
the following combination of primary anlibody and appropriate
second antibody; mouse anti-neuronal nuclei protein (NeuN) an-
tibody {1.500, Chemicon, Temecula, CA, USA) followed by Alexa
Fluor™ 488—conjugaled goat ant-mouse IgG (1:200; Molecular
Probes), rabbit anti-giial fibrillary acidic protein (GFAP) antibody
(1:150, Sigma-Aldrich, SL. Louis, MO, USA) followed by Alexa
Fluor® 488-conjugated goat anti-rabbit 1gG (1:200; Molecular
Probes), goat anti-doublecortin (DCX) antibody (1:100, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) followed by Alexa
Fluor® 488-conjugated donkey anti-goat IgG (1:200; Molecular
Probes), rabbit anti-COX-2 antibody (1:100, Cayman Chemical)
followed by Alexa Fluor™ 568-conjugated goat anti-rabbit 1gG
(1:200; Molecular Probes). Thereafier, the sections were mounted
on slide glasses, dried and coverslipped with Gel/MountTM, aque-
ous mounting gel (Biomeda Corporation, Burlingame, CA, USA).

TUNEL staining

The effects of LPS on the cell death in the dentate gyrus were
evaluated by TUNEL In Situ Cell Death Detection Kit, Fluorescein
(Roche, Penzberg, Germany). The brains were post-fixed in 4%
paraformaldehyde in 0.1 M PB ovemight at 4 *C, followed by
immersion in 20% sucrose in 0.1 M PB for 48 h and the hippocam-
pus block was dissecled oul using scissors. The blocks were cut
into 40 um sections from the rostral to caudal edge of the dentate
gyTus using a cryostat (MICROM HMS560, Mikron Instrument, Inc.)
and the sactions were altemately divided into two groups. The
sections were freated in Tris-buffered saline containing 0.15%
Triton X-100 for 5 min and dehydrated in an ascending ethanol/
distilled water series (30%, 70% and 95%, 5 min each), incubated
in 100% ethanol (15 min), and gradually rehydrated (95%, 70%
and 30%, 5 min each). The sections were then permeabilized with
0.1% Triton X-100 in 0.1% sodium citrate for 2 min on ice. After
being washed with PBS three times, they were incubated with
100 ul TUNEL reaction mixture for 5 h al 37 "C. After being
washed with PBS three times, the sections were incubated in PBS
containing 1.25 pg/ml of Hoechst 33258 for 10 min at room
temperature. After sequential washing with PBS and water, the
slides were mounted on slide glasses, dried and coverslipped with
Gel/MountTM, aqueous mounting gel (Biomeda Corporation).

Quantification of the number of BrdU-labeled cells
and TUNEL-positive cells and the proportion of
BrdU-labeled cells expressing cell type markers

BrdU-labeled cells and TUNEL-positive cells were counted using
a 40% objective (IX70, Olympus, Tokyo, Japan) throughout the
rostrocaudal extent of the dentate gyrus, For brains sampled 2 h
after BrdU injection, we counted the number of BrdU-labeled cells
in the SGZ, which was defined as a two-cell-body-wide zone
(approximately 10 um) along the border of the GCL and the hilus.
For brains sampled 7 and 21 days after BrdU injection, we
counted the number of BrdU-abeled cells in the SGZ and the
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GCL. In TUNEL assay, we counled the number of positive cells in
the SGZ and the GCL. Since we stained one of two saction
graups, resulting numbers were then multiplied by two to obtain
the estimated total number of BrdU.labeled cells or TUNEL-pos-
ive cells per dentate gyrus. The counting was performed by an
observer without any knowledge of the experimental groups

The phenolype of the newly generaled BrdU-labeled cells
was analyzed by confocal scanning microscopy (TCS-NT, Leica
Microsystems, Tokyo, Japan) and was expressed as the propor-
tion, which was calculated by dividing the number of double-
labeled cells by total number of BrdU-labeled cells in the SGZ and
GCL

Statistical analysis

The data in the present study were statistically analyzed by one-
way ANOVA followed by Dunnett's test, Fisher's PLSD test or
unpaired Student's -test

RESULTS

The effect of LPS treatment on the proliferation of
the NSCs in the SGZ of the dentate gyrus

To determine whether LPS treatment affects the prolifera-
lion of the NSCs in the SGZ of the denlale gyrus, we
quantified the number of BrdU-labeled cells in the SGZ of
mice sampled 2 h after BrdU Injection, since this procedure
has been shown to be adequate lo distinguish the prolif-
eration from the survival of newborn cells (Mandyam et al.,
2007). Fig. 1A shows the representative immunofluores-
cence images of BrdU-labeled cells in the SGZ of control
(saline) and LPS-treated mice. LPS at doses of 0.1, 0.5
and 1 mg/kg did not affect the number of BrdU-labeled
cells in the SGZ. There was no statistical difference in the
number of BrdU-labeled cells in the SGZ between control
and LPS-treated mice (Fig. 1B).

The effect of LPS treatment on the survival of the
newborn cells and the differentiation of the NSCs

We next investigated whether the treatment with LPS al-
ters the survival of newborn cells in the dentate gyrus. We,
therefore, guantified the number of BrdU-labeled cells in
the SGZ as well as the GCL of control and LPS-treated
mice at 7 and 21 days after the LPS treatment followed by
BrdU injection, since the death of newly generated cells
was reported to occur between 7 and 21 days after the
terminal differentiation (Gould et al., 1999; Prickaerts et al.
2004, Mandyam et al., 2007). As shown in Fig. 2, LPS
reduced the number of BrdU-labeled cell in the dentate
gyrus 7 days after BrdU injection in a dose-dependent
manner. The significant reduction in BrdU-labeled cell
number was observed at 1.0 mg/kg of LPS (Fig. 2B).
Twenty-one days after BrdU injection, the absolute number
of BrdU in the dentate gyrus was lower than that at 7 days
after BrdU injection (Figs. 2 and 3). The number of BrdU-
labeled cells in the dentate gyrus 21 days after BrdU
injection was dose-dependently reduced by LPS (Fig. 3B).
The significant decrement in BrdU-labeled cell number
was observed at 1.0 mg/kg of LPS (Fig. 3B). When we
utilized a “pure” protocol to investigate the survival of new-
born cells (Prickaerts et al., 2004) in which mice were first
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Fig. 1. The effects of LPS treatment on the number of BrdU-labeled
cells in the SGZ 2 h after BrdU injection. (A} The representative
immunafluorescence images of BrdU-labeled cells in the SGZ of mice
treated with or without LPS, Mice ware injected with BrdU § h after LPS
treatment and their brains were sampled 2 h after BrdU injection. The
left images represent entire dentate gyrus and right images are the
enlargement of the SGZ endosed by dashed rectangle in comespond-
ing left images. Scale bar=50 um. (B) The number of BrodU-labeled
cells in the SGZ with or without LPS treatment (0.1, 0.5 and 1 mg/kg).
Data represent the mean+S.E.M, and the number in parentheses
indicates the number of arimals

injected with BrdU (50 mg/kg i.p.) and then received daily
injection of LPS (1 mg/kg) starting 24 h after BrdU injection
for consecutive 7 days, LPS caused the significant de-
crease in the number of BrdU-labeled cells in the dentate
gyrus [Control, 234.5+23.2 (n=4), LPS; 108.2+38.5
(n=4), P<0.05 (Student's t-test)].

As shown in Fig. 4, we observed that the systemic
injection of LPS at 1 mg/kg significantly increased the
number of TUNEL-positive cells in the dentate gyrus 5
days afier the treatment, suggesting the LPS causes the
cell death in the dentate gyrus.

To examine the effect of LPS on the fate of the NSCs,
we next quantified the proportion of BrdU-labeled cells
co-expressing the immalture neuronal marker DCX, the
mature neuronal marker NeuN or the astrocyte marker
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GFAP in the dentate gyrus 7 and 21 days after BrdU
injection, respectively. Fig. 5A exhibits the representative
confocal images double-immunostained with DCX and
BrdU in the SGZ of mice sampled 7 days after BrdU
injection. The majority of BrdU-labeled cells co-expressed
DCX, and the proportion of DCX-positive cells among
BrdU-labeled cells for control mice was 81.06+10.90%.
LPS at doses up to 1.0 mg/kg failed to affect the proportion
of DCX-positive cells (Fig. 5B). Fig. 5C and 5E shows the
representative confocal images showing double-immunos-
taining of BrdU and NeuN, or BrdU and GFAP in the GCL
of the dentate gyrus of mice sampled 21 days after BrdU
injection, respectively, The majority of the BrdU-labeled
cells co-expressed NeuN, while the BrdU-labeled cells with

e 155 (2008)

GFAP expression were sparsely observed. Fig, 50 and 5F
shows the proportion of the cells double-labeled with NeuN
and GFAP in the GCL, respectively, No difference was
observed in the proportion of the BrdU-labeled cells co-
expressing either NeuN or GFAP between groups

The effects of COX inhibitors on LPS-induced
impairment of the newborn cell survival in the
dentate gyrus

We examined the effects of the pretreatment with COX
inhibitors on LPS-induced impairment of the newborn cell
survival in the dentate gyrus by quantifying the number of
BrdU-labeled cells in the SGZ and the GCL 7 days after
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Fig. 4. The effects of LPS treatment on the number of TUNEL-positive
calls In the dentate gyrus 5 days after LPS Injection, (A) The repre-
sentative immunoflucrescence images of Hoechst33258-staining and
TUNEL-positive cells in the dentate gyrus of mice treated with or
without LPS (1 mg/kg). Mice were injected with LPS (1 mg/kg) and
their brains were sampled 5 days after. The inset image in TUNEL
staining of LPS group is an enlargement of TUNEL-positive cslls
indicated by an arrow. Scale bar=50 um. (B) The number of TUNEL-
positive cells in the GCL. Data represent the mean=5.E.M, and the
number in parentheses indicates the number of animals, The asterisk
indicates a significant difference (P<0,05 vs. Control group, Student's
-test),

BrdU injection. One-way ANOVA revealed the significant
effects of treatment [F(4, 26)=6.155, P<0.01] (Fig. 6A).
The systemic injection of LPS (1 mg/kg) decreased the
number of BrdU-labeled cells compared with control group.
The systemic injection of indomethacin (10 mg/kg), a non-
selective COX inhibitor, completely protected LPS-induced
reduction in BrdU-labeled cell number in the dentate gyrus
(Fig. BA). The systemic Injection of NS-398 (10 mg/kg), a
selective COX-2 inhibitor, also completely blocked the dec-
rement in BrdU-labeled cell number elicited by LPS (Fig.
BA). These protective effects of inhibitors were confirmed by
post hoc Fisher's PLSD test revealing that there was signifi-
cant difference between control and LPS+saline group, but
not between control and LPS+indomethacin group, and not
between control and LPS+NS-398 group. Indomethacin or
NS-398 did not affect the basal number of BrdU-labeled celis
in mice withoul LPS treatment (data not shown). In contrast,
LPS-induced reduction in BrdU-labeled cell number was un-
affected by the pretreatment with SC-560 (12 mg/kg), a se-
lective COX-1 inhibitor. Furthermore, as shown in Fig. 6B,
l.c.v. injection of NS-398 (1 wg/10 ul/mouse) also completely
protected against LPS-induced decrement in BrdU-labeled
cell number, since there was significant difference between

G. N. Bastos et al, / Neuroscience 155 (2008) 454-462

control and LPS+saline group, but not between control and
LPS-+NS-398 group (post hoc Fisher's PLSD test) (Fig. 6B).
l.c.v. injection of NS-398 itself did not affect the basal number
of BrdU-labeled cells in mice without LPS treatment (Fig. 6B).

Expression of COX-2 in the dentate gyrus after
LPS treatment

Finally, we investigated the expression of COX-2 in the
dentate gyrus of mice with or without LPS treatment.
Seven hours after LPS injection (1 mg/kg), it significantly
increased the number of COX-2-positive cells in the GCL
and the molecular layer (ML) (Fig. 7A). Even 7 days after
LPS injection (1 mg/kg), it caused the moderate, but sig-
nificant increase in the number of COX-2-positive cells in
the GCL, but in the ML (Fig. TA). The immunohistochem-
istry of double-immunostaining for COX-2 and specific cell
type markers revealed that the majority of COX-2-positive
cells in the GCL co-expressed NeuN and the small portion
of COX-2-positive cells in the GCL co-expressed DCX
(Fig. 7C and 7D). It was noteworthy that DCX- and COX-
2-double positive cells exist only in the GCL, but not in the
SGZ (Fig. 7D). In control mice, COX-2 expression is not
detectable in vascular associaled cells in the dentate gy-
rus, however, numerous COX-2 immunoreactive cells
were found 7 h and 7 days after LPS administration (data
nol shown). There were no COX-2-positive cells in the
SGZ and the hilus of mice with or without LPS treatment
(data not shown).

DISCUSSION

The present study was designed to examine the effects of
LPS, a bacterial endotoxin, on the neurogenesis in the
dentate gyrus of adult mice and to clarify the invalvement
of COX in the LPS actions. Using the BrdU—pulse chase
method and TUNEL method, we found that LPS dimin-
ished the neurogenesis in the dentate gyrus of adult mice
by impairing the survival of newborn cells and these effects
of LPS were mediated by COX-2 in the brain. To our
knowledge, this is the first report to show the involvement
of COX-2 in the brain in the impairment of the neurogen-
esis in the hippocampal dentate gyrus by LPS.

The neurogenesis in the adult dentate gyrus is a com-
plex of multi-step process, in which the immature NSCs
proliferate and then differentiate into three neural cell lin-
eages and the limited number of newborn cells survive
thereafter (Reynolds et al., 1992; Kempermann et al.,
2004). Since the cell cycle length of NSCs in the dentate
gyrus of adult mice is reported to be approximately 14 h
(Mandyam et al,, 2007), the proliferation of the NSCs
should be investigated using a protocal in which mice are
treated with a tracer (BrdU) and killed maximally within
24 h (Prickaerts el al,, 2004). Thus, our protocol of the
sampling 2 h after BrdU injection enables us to exclude the
contribution of the newbomn cell survival and to examine
the proliferation itself. On the other hand, the number of
BrdU-labeled cells in the dentate gyrus was reported to
decline between 1 and 2 weeks in rats (Gould et al., 1999)
and between 24 h and 4 weeks in mice (Mandyam et al.,
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number of BrdU-labeled cells 7 and 21 days, but not 2 h,
after BrdU injection suggest that the survival of newbomn
cells in the dentate gyrus is negatively regulated by the
systemic reatment with LPS. Our results of TUNEL stain-
ing also suggested that LPS decreased the cell survival in
the dentate gyrus. The significant decrease In the number
of BrdU-labeled cells in the dentate gyrus observed using
a "pure” protocol investigating the newborn cell survival
(Prickaerts et al., 2004) also support this idea. We also
found that the proportion of cells committed to neural lin-
eage (DCX- and NeuN-positive) and astroglial lineage
(GFAP-positive) was nol changed by LPS treatment, sug-
gesting that LPS does not affect the differentiation process
itself. LPS, therefore, might reduce the survival of imma-
ture cells that do not undergo the fate-determination. Al-
ternatively, we cannot rule out the possibility that LPS
decreases the survival of neuron-restricted progenitor cells
and astrocyte-restricted progenitor cells in the same de-
gree. Since recent studies revealed that neurogenesis in
the adult dentate gyrus is the sequential maturation from
several subtypes of dividing cells (nestin-positive type-1
and type-2 cells and DCX-positive type-3 cells) into several
subtypes of postmitotic cells (calretinin- or NeuN-positive

cells) (Fukuda et al,, 2003; Kronenberg et al., 2003; Jess-
berger et al., 2005), further experiments will be required to
confirm which types of newly generated cells are affected
by LPS treatment.

Recently, it was demonstrated that the neural stem/
progenitor cells in the dentate gyrus abundantly express
Toll-like receptor four (TLR4) known as a LPS receptor and
the treatment with LPS directly diminished the proliferation
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of cultured neural stem/progeniter cells in an NF-xB-de-
pendent mechanmism (Rolls et al., 2007), It has been dem-
onstrated, however, that LPS (up to 0.1 pg/ml) failed to
affect the survival of cultured neural stem/progenitor cells
under in vitro conditions (Rolls et al., 2007). In marked
contrasl, it is reported that treatment with LPS (0.1 ug/ml)
induced apoptosis in hippocampus-derived NSCs (Chiou
et al., 2006; Huang et al., 2007). Because it is unknown
whether LPS injected intraperitoneally at doses up to
1 mg/kg would pass through the brain-blood barrier and
reach the plasma membrane of the NSCs, the impairment
of newborn cell survival observed in the present study
might be caused by indirect actions of LPS via COX-2 as
described below.

One of the novel findings In the present study is that
LPS-induced impairment of the newbomn cell survival was
ameliorated not only by the systemic injection of either a
non-selective COX inhibitor (indomethacin) or a COX-2
selective inhibitor (NS-398), but also by the central injec-
tion of NS-398, suggesting the implication of brain COX-2
in the LPS actions. There were some previous reports
indicating the roles of COX-2 in the modulation of the
neurogenesis in the dentate gyrus by a certain types of
brain injury. Sasaki et al. (2003) demonstrated that isch-
emia-induced enhancement of the NSC proliferation in the
dentate gyrus was blunted by treatment with indomethacin
or NS-398 or in COX-2-deficient mice (Sasaki el al., 2003),
Furthermore, ectopic neurogenesis in the hippocampus
elicited by the epilepsy was shown lo be inhibited by a
COX-2 inhibitor, celecoxib (Jung et al., 2006). These fa-
cilitatory roles of COX-2 in injury-induced neurogenesis
are quite opposite to the suppressive roles of COX-2 in
LPS-induced diminishment of the neurogenesis in the den-
tate gyrus. The difference in the spatial pattern and the
levels of COX-2 expression between brain injury (ischemia
or epilepsy) and LPS treatment may account for these
opposite roles of COX-2. Under our experimental condi-
tion, COX-2 expression in control mice was seen in the
GCL, but not in the SGZ containing the immature NSCs.
These expression patterns of COX-2 in the dentate gyrus
are consistent with previous reports (Sasaki et al., 2003;
Takemiya et al.. 2006). We also demonstrated that the
systemic injection of LPS (1 mg/kg) increased the expres-
sion of COX-2 in the GCL and the blood vessels, but not in
the hilus. In contrast, ischemia has been shown to increase
COX-2 expression in the reactive astrocytes located in the
hilus (Sasaki et al., 2003). Thus, the difference in COX-2-
expressing cell type as well as the expression levels may
explain the opposite actions of brain injury (ischemia or
epilepsy) and LPS on neurogenesis in the dentate gyrus.

Although COX-2 may modulate the neurogenesis in
the dentate gyrus through generation of prostaglandins
and PGE,, and is already reported to modulate neurogen-
esis in the dentate gyrus (Uchida et al., 2002), it remained
unclear which type(s) of prostaglandins plays a critical role
in LPS-induced impairment of neurogenesis. Interestingly,
the central infusion of LPS drastically increases the brain
levels of PGD,, a major metabolite of arachidonic acid in
the CNS (Rosenberger et al., 2004). In addition, it Is

suggested that the cyclopentenone 15-deoxy-prosta-
glandin J; (15d-PGJ,), which is non-enzymatically con-
veried from PGD, (Shibata et al., 2002), induces apo-
ptosis of a variety of cell types including the oligodendro-
cyte precursor cells in a peroxisome proliferators-activated
receplor y-dependent and -independent mechanism (Xiang
et al., 2007). Thus, PGD,, as well as its metabolite 15d-
PGJ,, is a feasible candidate mediating LPS action in
neurogenesis.

LPS is generally known as a phlogistic agent to induce
neuroinflammation (Ekdahl et al., 2003; Rosenberger et
al., 2004; Rolls et al., 2007) and the activation of microglial
cells is one of typical phenomena elicited by LPS treatment
(Quin et al., 2007). It has been reported that the activation
of microglial cells mediates LPS-induced diminishment of
neurogenesis in the dentate gyrus via IL-6 (Monje et al,,
2003) or TNF-a (Liu et al., 2005) secretion from the acti-
vated microglial cells (Ekdahl et al., 2003). In addition, LPS
is known to increase the blood levels of interleukin-18,
which in turn increased the gene expression of COX-2 in
the blood vessel cells in the brain (Fantuzzi and Dinarello,
1999, Bazan, 2001, Blais et al., 2005; Quan and Banks,
2007). Furthermore, LPS is known to increase the brain
levels of interleukin-1g (Fantuzzi and Dinarello, 1999),
which is shown to reduce neurogenesis in the dentate
gyrus (Goshen et al., 2008; Koo and Duman, 2008; Spul-
ber et al., 2008). Since COX-2 activation is known to be
directly or indirectly involved in a wide variety of these
neurcinflammation processes elicited by LPS (Minghetti,
2004; Quin et al., 2007), the ameliorating effects of COX-2
inhibitor against LPS action might be exerted by suppress-
ing the cytokine production invalved in neurcinflammation.
Further expenments will be required to confirm this

possibility.
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