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Jinfen Wang, Zinfen Gao
=B
B Y LRI SERHIE e ARRIC L | BT L OREFENRRRD, ZOERIT, FREZH LOAER

IZX 200, BEiZ) /- EORENC L DREREE DL OBRRDONBRETIIR» o, FEHF. HTWHO HEEHE
A&h, B, @EH S 3000 FEFHL OFEN2 I, HIRICL V., U 2/ EORENT X DRI 62N
Bpp I epRENE, FWHO LSBT, &FERGE, MRBEFOMNT. BRIEREREARY Anbh, F8
MR LIZb 0D, Th b DTN TERNE Z AT, HBIFET 5 Z L BEEETH D, FRILFHFRUZ L 9 | Zhang
Xiaohua E-HICHIROBEFAYFES:, §7/23% Comparative genomic hybridization (CGH) IEZ#ERIBLTH 5V, H#F
MREEDDEREED LM TE, ENODHIRBEFHFELZAVT, BARARREY /& (FL) LRI
SH{EERRED CD10+UNE AMEHRRRY B #BRaME U >/ <BE (DLBCL) % CGH B2 b UNZ, /35 7 4 T u v 2 VWA
FRFISHIETHAT L2 L 2 A, MEICIIARERYS ) LREOENRH D Z L ZAFIA L, CD10+DLBCL iZiskatE ) > &
NHEAELIELOTIHRANWZ 28BS L,

Key Words:Z=AE Y > /¥@, CGH, Tissue FISH, EBEMEY L /3@, OVFE AAEKHRRSTY B HBfR Y > <&

RE

B o MEIHERAHR P ATRIC L YV | BRI L OREFAENRRD Z EBBEIN TV A, Z0ERIE,
REZET EO NWERIZL 500, EHIZY L NEORRIC L 2BAFELT O bONRELRDONPBHETII o7,
ITEE, FTWHO HERMSEA SN, BA, EENG 3000 EFE OBENRREN, Hgkick D, U E0oREICK
DRIEFENRALD T EMWRSNTEE, FIWHO HBIX. T IERhbk, MEREEORRIT, BRRRERR 2R
DANLI, ZEMEFNHLELOD, TRHDFETRTERNWE ZATIL, HEFET 5 Z L BEETH S,

Fio, BiEY o EDPTH DLBCL IXEEORBEME S Z L BALNIZR->TNE H0O0, TnbEKFT
B DOENIARREL 2 D — A —I37\, DLBCL X2 CHilaREm~—V—BFATH Y, D5 HREFHHRT
BT N—7, (D10 HiREFRHET DI N—TBRRDFEEMD L HBBL DTN —AIZ L W BB ESh, 20
#. W ODDKRBEER TR SN TV B (Seto M., Cancer Science, 2004),

BITE. CD10 BRfD DLBCL IZ oW Tt RILv—Rh—%F 7 5Mfatt Y o @hoER L TR EhLWVWIEL
&L IR VoBEIRE T K BRBY L YETH B EVWIEZFIRH B, TNHEHALNITTH-HITIL. CH
IERPFISH EEZ AWTC, RBREREOBER b NS ) AREFREFD Z L T, AL TE DFHREESREL,
AHFFEE, ZOIEEROMNCTAZEZBRE LTITo-M, RIFEFC Zhang Xiaohua B FOFREEEATLL
W, 5%, PEAEMY o MEEFIORTE & SIGERSEAEOOEB ARSI LA EMNE LT,

w& EFHik
. BAAIBRIMEY > %8 40 fEF). CD10+DLBCL1O il BV /=, E7-. h[ELA DLBCL10 fEMI(CD10 DiFsRie L) %, Hilgk
DI=DRWE, Ei=, TEAREESGOREREMLFERT 3120, < MVERES 2 flZ AV TERERELR



1FL7ze BARNESIIT T, MIEBOREEL AV, SEIORERRT, HMIREERFENLFIECEL OnEEA
WCTHREBENDH WO 58X, PETIR. I<—HMOEMRERTLMIEENERETHS Z LN L, 5B, B
ANEF CHIISBEENTFRE AV THRIT2ED, £0%, PENEFZRE L, BERNESNIL CH EEHEITT
E 723, PENESIDSILDNA H31§HNRA o720 T, Tissue FISH 754 2 HE1T LI,

CGH ¥ & FISH SEDFEBIZ DWW THRFKIRSUIRRR L Th D L BV Th S (Zhang b, Cancer Science, 2004), fii
BSZER#T B &, COHikiZ YU >/ ERIIRD DNA % FITC, IEHHIEM DNA % Texas Red THEM L. SHIEWT, X7
A R 7R/ [T DN EFEBUREMRISIS S, U >/ EHRO DNA DR REE 3 2 —F TR ¥
¥ LHET S, SREEenTh, P72 eb 100EUEDT—F 2EMT 5, MEFISHIE, /37 7 4 A
F (6 umE) 2[4/37 7 1 1%, Proteinase K Z0¥8{%, @E D FISH ik &L REkDUE %73, D7e< & bE&RREK 200
BELL DRIz > & 7R x D, A= a—7 X, LSI 1GH/BCL2 Dual Color, Dual Fusion Translocation
probe (Vysis: http://www. vysis. com/LSIIGHBCL2DualColorDualFusionTranslocationProbe_4988. asp?bhep=1) T
bBD, HHRERFEL, Vysis o7 ba—miiEors,

HR
1. CGHFE#T#ER (K1)

WEEY @ COHIRIC K V| 40 SERIR 27 BT ) AR EDFRD b f=Dizxf L, CD10+DLBCL it 19 ZEFIF
19 FEFITRTIT, 4/ ARENRDONZ, REOBEDOLNIZLDEEICTE & D TRT (Figure 1a & 1b), DLBCL
G| LA Y o BERITCIY, 7 AR EORE L REBIROBHNRER D Z LALLM R o, IS
WT, FEERELT- &

2. #BHE FISH IZ & 5 BCL2 BB DSERE (% 1)

BCL2 #=/2&i% CD10+DLBCL "CiI#AM#k FISH 23T T& 7= 17 Fildk 5 fEF] (29%) 1258 HAL7-A3, At o/ GEix
37 ilep 27 JEH (73%) 2 BCL2 SxEERD i, MEDOHEEICHEZE (p=0.0035) %#3Bdi-, 10 FEHIOREARE
DA FISH Tid, BIRERERPRO bhiehiofe, =2 MUY 2 /30E 2 EFIT cyclin DI DREREER
1ITLIE Z A, FARBRBMERISHEONZD T, EFOMEBECRIERH DD TiHRl, IADEIRVPRTAF
75 AR TR A8, 85k FISH @B CARV—E2 b Ly,

M7 : CD10+DLBCL1S fERY(1a) & IRAAHE Y >/ R 40 SEF| (1b) D E & 8, BRREGIKODZEIZSH B/~ DNA REAEIRER L, AR/ —iZ DNA S
AR,



F1. t(14;18) ¥afEL cGH i&ISKD DLBCL &AM/ B Hd

Chromosomal aberration  CD10+DLBCL Follicular lymphoma P
Gains

1q 6/19(31%) 4/40 (17%)

2P 3/19 (16%) 1/40 (2%)

19 7/19 (36%) 5/40 (13%) 0.0417
8q 3/19 (1le6%) 2/40 (5%)

9p 1/19 (5%) 4/40 (10%)

11qg 3/19 (16%) 1/40 (2%)

12 10/19 (52%) 3/40 (7%) 0.0002
13q 3/19 (16%) 1/40 (2%)

18 4/19 (21%) 10/40 (25%)

Xpll-p21 4/19 (21%) 13/40 (32%)

Xg25-gter 5/19 (26%) 9/40 (22%)

Losses

ip 12/19 (63%) 10/40 (25%) 0.0086
4p 3/19 (16%) 0/40 (0%)

6q 7/19 (36%) 4/40 (10%) 0.0277
15q 3/19 (16%) 0/40 (0%)

16p 9/19 (47%) 4/40 (10%) 0.0023
16q 5/19 (26%) 3/40 (7%)

17p 16/19 (84%) 7/40 (17%) 0.0001
17q 7/19 (36%) 3/40 (7%) 0.0089
t(14;18) 5/17(29%) 27/37(73%) 0.0035

DLBCL, diffuse large B-cell lymphoma

=%

B L YEIRINE T, Bx OSRESAV LN TE-, TR ENOSEEICIIENZE & +5 TRVOESTE
fEL, TR, 3—oy T AV ATERVWONTEESEBER STV, HE, TAV D Ea—ay%fil
T AREEE - bIZ L DET7272573 (REAL 5750 MBIRB S, THBHT WHO DR~ EFHB L, o LV -olEE
. WAWARIER, T2bh, REBEGS., AEARY. HITREE. BRRERCZRSRMICHETL. 8T
B2bDTHD, ZOHFHEE. ZOBRRANELGN, BARCRE O RFIERBITRESBRESh, 2HRMICE
TANGNRTWS, L L, SEE LTUIERTHTYH, RETEINEI MLV ZEichhil, —EDBIE
U EDEFBETRITWITERVER 2EL §ATND, RAFKEREORNTE T D FISH 0 CH ILITH N2t
BRZWiD—oTH DM, TNTOEFRBETITO Z L3 LY, BATH., EHROBRRESH TRITTETH S
25, PENZIVTIHL FISH R CHIED & 5 REBRRIREZTT O SHBLTMICIZ T ZER TV o T RN E S
Thd, ThbEXOREEOPT, MEFISH KX, BREL o —TEIAFThIE, HEAHBEICHELTAZ
LDOTEDHFETHD, £ic. WEROFEBBEZIICAVD 7 A0~ VEERT 7 4 BB/ EZHAVWTEITT
EFBDZ EBRERKFED—OTHB,



Zhang B, CCH ik L#RAL FISHIEZAWT, MY L ME L ERA BN £E X 3TV iz CD10+DLBCL
B, BEFEFOBENOARDE, BRoTEBEFERICIVRETS, BRoEBEADEMRY) L ETHEIE
ZHAREIC LARSCERE L7 (Zhang et al., 2004), FFERMEDOKE RRO—OTHD, TOFEIZXY, FHKIC
FENEF % 50 GIRERITTHZ & T, ATRZE, HIBRZEORRBICOWTHHALMNETHIENTEDLELTW
Bo £, EARELMFESSEOWTEE R AL L ¥ —II1F DRBIRTIL. 5 WHO SIEN 2D HER LT
PRVEIZOWT, BRETAHZ ENTE, TR, WEEBA LY ¥ —REBHEHREO Vang Bd3i%, B oREZEF
S>THE (BH ) 730=TKE) ICHMNT, BERBFREETo TS, SEEERT2RENTOILTVWS
FARFETIL, T WHOSEERAV SN TVBN, BIREWIEFIRHSEB0T, Bk >  MEORROT/EICIL
WY TR, TORTIE., WEERAEZ—XFY o/ EEFIECH ER 300 FEFLIEL HBHDT, 1 Xb%
YUTHY ., BIE, Vang AR MBALHABFEOFEZ BREFITED TWD Z &k, OO TEECTEMY v/ EHEI
LS TIHERNE, RERDOZ DL ) 2285885 b OB OBREZF LIz, \

A [al, HEAFEF 10 FEFNZOVT, #EE FISH AT 21T 2 722 b b 677, iR ENE D 272Dl
BATH o, TOREITRBROBEELRFERER L ORENL L ZATHEOTIIRL  MROESEZEX,
MRFISHADARGA R/ REAWDZ L THEBHFTE S, v MUY >/ MEOREHERET, B2
REHEREBPELNZDOT, BEEREITIIFERLS., +9RREBTE A LE2E®RLTWS,

B ) oNEDS ) AREOREICX, TR ST array CCHIEE WS FIERH Y, Bae DFRETE
EBLI-EENELNIEDTY S (Ota et al., 2004;Tagawa et al., 2004; Tagawa et al., 2005), T O DHEIT
1. BIE, HO LW DINA ZANVTLMETER TRV, Bk, FREEREEODNA ZAVTH, 20X 4R
BNRTEBLITIMEXRDD, Thbb, REEHAORER S L array CGH B2 R 2N R
2HBDHhH LR,

W EATORE AR 2 LT LSEAIR TS, B /N8I & > TRERHNIE b TEELRZH
FEIEZREZLTND, 1EROFEMAEFIITTIEe<| Ke LEAIhHR2FEKIC X 2R ERRENREEZR
DANDILERHDHOD, BRELHERHIITHBHESICEATESZ L, o, JFEELTH, +5IR
BEEITIENTEDLILALNE RS, ROEKLE LT, PEAMIKFRETESD AARAD DV EIEK DMK
TREREE LR L, PEAEMY o/ MEOF WO SEIC X 2B Y Lo R EAALHIZLTIELNEE-TWS,
F7o, ERIZEDOX S RRABUBEBRMBA L F—0 Jifen Wang BAFZ X Y RAIED BTV B DIIEIR T~
ZEThD, SRITREBUWIOREE LI HOWT, ARFREO X D e MBI FES B e £ T LB
HBEEXLTWD, 7=, B o MEOHIRERMESE XS L, PEDERI LZOKZAOEZEZXD L, B
T b HITERR I B o T USRI h HEFGEHEEE & DI S ENE L > T BLEX TS,

A

AIFFNEL B PEFHRBIREDHBZ 5 T TITOhbDTH D, LRKFEF Zifen Gao BIROEER D
I I PEREPICRE BRI R o, T ZITEHHE L LTy, bR KEEFMSHIBERR, 5 EAR
EBRY RS T, 35 < OBROEAEFIC X HIORIHRICKER E S, £, ELRFEFRTO
BEICHE OFEROF 2 IZE TNV L2 LET,

BEIM
1. Seto, M.: Genetic and epigenetic factors involved in B-cell lymphomagenesis.  Cancer Sci., 95: 704-710, 2004.
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genomic hybridization and tissue-fluorescence in situ hybridization.  Cancer Sci., 95: 809-814, 2004.

3.0ta, A, Tagawa, H., Karnan, S., Suzuki, Y., Karpas, S., Kira, S., Yoshida, Y., Seto. M.: Identification and Characterization of




A Novel Gene, Cl3orf25, as A Target for 13q31-q32 Amplification in Malignant Lymphoma  Cancer Res., 64:
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Hietaniemi K.  Dental infections and coronary
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Sasaki H: High incidence of silent aspiration in elderly patients
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BAEEFHRASFICRLEA TV S HERMRIE - 2EFHVRT LAOBERIUBHEORE
HIZEk->T, (1) Ty MEHERESYETNVCORHEBEORESSE ; (2) AaBHEE VII
BY Y Y—rEBERR~ U RAETNVITHT DMOFER ROtkE, BERBEOMER R X UGN
RISHRE, BEHEBONMOKE ; (3) b MERMBHRIEFEET IV 7Y 4 FOFEEYy
LERBREEZALNICLE, ThoBMREAVIBEEZOWRBRRIZBRIEA~AT =
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EBSMNY | o, BESBROPIESEREBRTIMRA~OSLTE I LBALMITRY,
Bx OBREROBAERFENBBHICED bR TV 5, MRBMIRITHEELERERYE
TIERTEB LV BEEBENERMIZ, =a—ar, TAMaYA b, FVIF P
PA PV PIRGBRREBRT OMBEEYHT I LB TEIE0LREEFT . TR
BFLEEFHENIFILRLEA TV DRREMBIR - HLHRS AT LOBELREIENR: L,
Sy FrORHBESYTTAEZHILL, ZOETFAVERWT, Invitro THRIESHAL 2L -
HM LRI, HAVIERRMARLEEBETAILILLoT=a—n 0L,
FOBRBIEBHRICOVTRET S, TN IV EHBEOA TR, SXIELBREME
BOREEEE B L BEREOERNEHARL TS5 L E1 b5, —F, hadiE
VII ® (LAF MPSVII &BET) XY VY —aEMKEO—2T, VYV —LDOBEXRTHD B
—glucuronidase DFEENRKINL TV 5, MPSVII X, £F DY Y YV —APIZ B-glucuronidase @
EETHBSYVaYyI )7V NERL, FORERY - FIE - BHREEHE ST,
INETMPSVII DO REF TR L, BERETEE - VANVAI7 F— 2RV RIZTFHA
FIER ERTLRA TS, SEEA I3, HRREIREZ MPSVII vV ROHERMICBETHIZ L
XY, PIRMRIIBWTHLRAKIZZaRavy ¥ a 2N LELEY - RrHREsR
DHONBEPRPEITV. RRBICHTIHERERBHEOFTUEET R L L, BEK~ VR
Y DMOREFT ROBE, BERBEOMERL LUBENSRRISRE., BEREOMEOREL
BbnizLk,

MR EFE

1. BHRESMETV

1) FHBRESMETNVOMIL . BEORETERABEICLVFHBELZSIERBI L, RMKIZE
HBRUEHOMERE LR L,

2) BIENRMIRS BT - ML AT LOEE TR 14BBOT v M bRREZRY L,
RUBSEEEED AR BRI 2 3Bk L, ERIGFERFDIFET C. neurosphere T L7z,
EH I, HRBERA~OBRETEAC OV TR ETo %,

3) FHREBWET NV EZRVIRERSARBEOHROKH : In vivo BFBHEBRSET
v FOEHER, PRFERERRRERGEORBERN Lz, &biT, BRMSEED
RBIRR ST 2FHIEBES v FOBRICLRAL,

2. AABEEVIIE> T REF L

1) MPSVII = & A D8 DMAESAIToH 5 3521 MR % 2 BT, —F i@ a0
BILBERALEAT A DLDRE B I—~FIIXAF4 VAL MO~ ) —R 6 B EMZ 7,
24 RFH % D B~glucuronidase E{E (LT GUSB F&id) #bulk L7z,
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2) C3H =D RADMRMIE 65°C1 RFEIBIW IS &Iz LY., WIEMED GUSB iEEEZRELS
A, MPSVII =0 RADMEMBORAL L. ThbOeRERIC 2 BT, 7rRavsa
RN LR D BB AEN T GUSB BN Z 1T o7,

3) GFP FF VRV x=y s U AOZHY 14 B B OBREOMA RS 2 BIRAIZ IS
L7, MPSVII = U R0 ARDORMNEIC, FEEMEREZBM L, £% 3 RO GUSB FEEZRIE
THEEbIT, MEFROLUBRI Tk,

4) PEEHEEOIE(ME LT Novel object test Z VT, MPS FEIRHEE. TR, = b —
NVBEZRHE TR EIT o7, $BIX 65 x 65 x 27 cm @ open field (black) T, £TFF 2
F 4 v I WOBRBDHDEER (Proc Natl Acad Sci USA 2003. 100:1723-1728 % modify L7 ).

% R:

1. FHBEGHHET v

Ty beAWT, BEORATERREICL VFHBELZIIESREI L, FHABEEMET L E
WYL ARICASRUVEREORNERREMAE L, TORESFEEZRYL L, #kK14A88
DTy bHALBREEZERY H L., AIMEE) LHRSHEIRE B L, ERBERTOFET T,
neurosphere ¥ TCH3 U, WBIEINEBMIIRTBERTR - SE AT AEME L, o, HEHH
FRIZEFA L, MRZBRVIET I LA TEZ LW BEEMNBLARIZ, =a—nYy, TR IR
PA b FVIF YA PeVotPiRMEREZEBMRT MR LRDBH5{LEEEHFLT
WBZ L EHBBFLAIEITI > THER LE, b2, HWRBHR~OBETHAIZOVWTREZ
1TV, lentivirus X7 Z—Z AW FEBRBRLFVTH B L ZA LN L, FHEESHYE
FhERWERERBRHRBEOHRIZOVWTRIH L& Z A, Invitro TOHERERO =2
—ay, TAha¥A b FYVIF RS b~ {LERBERAEICTHERTE L, UE
DEREZHEZ, 7 v MRRAROWBERMB LRV TBEERE T, Invivo BFBH#E%
HET7 v bOL2FER, FIRMERERERCHREEG EOUECHRROFHEZHOMTI LT,
EHIT, BEMBMBOBHIRRSICL2FHEBES v FOBRICORA -, FHRRELVIZ
BRRIBEDERHDZ LERRBTEIL,
2. AaBEEVIIBl~YREF N :

YYV—LhERMEORERBALFABRREORREICE T 5 EH AR M EReH
IBIRBHE F ML LCOBEMEFET 570, K7 FACS IZ X 2R OMMERE < —
I —DORFMBLV, BEBMBORNERDY VY — ABEREEOREXITo -, HRBMR
EIZIZMAC class II, CD80, CD86, ICAM-1 43 FDFKIEMBED LY, MHC class I HFHLIER
RThHY, BHEBOBMEERISZEBI LIS WM THI Z LALLM Lok, i, #
BEMRIINEEY VY — LBEREMEREL . FTH GUSB E{4{EIX 200—800 U/mg protein
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L. BHMMERSMRE BT S L 10ERERV T LB Lk, 3521 ABRAR TS, C3H ##RHE
BIZBNWT, v/ —X 6 BEZMAEHETIE, GUSBERIARIE 2%, MAZRE
T, AF4VADGUSBEMBEE CUSBEMD ERAZBDE, &b, GFPIRLY~
—F V7SN, BREEBMEEIZER o TWAZ LSRR SNE, £% 3 BRIZBHEL
7o U ATk, GUSB EEDERREM L AABFTRORE LWL, WHBEOLEICOVTR
HTIEERLE BT, Avs B, A’ vs C OEFRITHRFMOEIE ®) BFEENRV, KL, =/
LHhiz N XY C~BEETAEROEVEMICH D, R (sec) DE &1L, MPS FEIAREE.
BREEL bIT, IV P e— VB L OFEEIRS DRV, FERREE CRERMERD OB S
b, RIZ, GFP MU RV xz=y s AD5REE 14 B B OKREOMD bHREMARAR
REITISHBE ., MPSVII = U A DOFA R ORMEIT, iRz BM L, £1% 3 HKFO GUSBIE
HERRET S E L HIT, BBFTRAOHKBRNET T, ST, BHREHBEDOIME LT Novel
object test ZFV T, MPS FETAPREE. TREHEE, v b — AV BZHE2STHRMNETo. 1A
BL3HBIIS5SMToobject DRVVRIED field vV X EANTEDLT, 4B B (MY
25R1BA8) &, 220FHARNEM (A, B) % field NOMNABO TN ETNEN L 1 5 cn DFT
KHREL., 1 OSMERSED, 24K5M% (SEE=X%%EX2R8H). A% replica (A’
= familiar) i, ¥£7% B #FH LWYEC = nove) KB EM X, 1 OFMERS TS, HEYE
F1EBEBIV2 BEOITTEIZETAREL. 1 0P DEK object (A, B, A’ , C)~DER
TERMEHAI L, Object ~DHBH L ITHIRIC K 2HEMABERITE L LA LT,

5 B

FEFRIZ BRSO = > OBYREBETNICBIT D EEER~OEAIT @A - - EHTTR
ZfTol, HESMBE~OECFEAZOVWTEEFEARORRSR, HKRHBHRTHRED
FiE lentivirus X7 ¥ — B REMA~OBREFEAIIEATHI I LEALDPICLE, *
7o MRERERIIBHE MR L U COBEMEEFMET 57, FACS IZ X 2 #i@stimlankmia
RE— T —ORNELTV, HERIBIARETITIZIMIC class II, CD80, CD86, ICAM-1 3 FDF
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ELFIREShBFEATHD ",
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Abstract
Three-dimensional finite element models of nine lingual bars with different dimensions (thickness: 1.5, 2.0, or 2.5

mm; height: 4, 5, or 6 mm) with underlying mucosa were produced for a Kennedy Class II case. These models were
used to study the effects of cross-section dimension in lingual bars on deflections of Ti-6Al-7Nb and Co-Cr
removable partial denture frameworks. The stress distributions in the structures and underlying mucosa were also
investigated. Each framework included occlusal rests on the first premolars of both arch sides. The bottom surface of
the mucosa and rest on the edentulous side were fixed in a vertical direction. The rest on the tooth-supported side
was fixed in all directions. The elastic moduli of 200 and 123 GPa were input into the program to simulate the Co-Cr
and Ti-6Al-7ND alloys, respectively. A 30 ° buccally oblique biting force of 20 Newtons was directed towards each
of the three missing teeth locations. Ti-6A1-7Nb frameworks exhibited approximately 1.2 times the maximum stress
in the mucosa than in Co-Cr frameworks with the same cross-section dimensions. The framework displacement and
stress in the mucosa reduced as the thicknesses or heights of the bars increased. The maximum principal compressive
stress of 1.84 MPa within the mucosa was estimated at the posterior ridge crest when the smallest cross-section
Ti-6A1-7Nb bar was used. In conclusion, the Ti-6Al-7Nb lingual bar had a rigidity comparable to the Co-Cr lingual
bar if the former had a cross-section dimension 0.5 mm thicker or 2.0 mm higher than the latter,

Key words
Finite analysis, stress, denture, lingual bar, mucosa, titanium, dental alloy

Introduction

Ti-6Al-7TND alloy has recently been developed to pose excellent biocompatibility, resistance to abrasion and other
advantages that put it as an alternative to the existing removable partial denture (RPD) alloys'. Like other titanium
alloys, Ti-6Al-7Nb has a modulus of elasticity that is approximately half that of Co-Cr, which increases its resiliency
and makes it suitable for flexible clasps®. However, the flexibility may become disadvantageous when used in the
other components such as lingual bars, occlusal rests and minor connectors. Flexible major connectors can cause
stress concentration in the framework structures, injury to the periodontal tissues and residual ridges, and discomfort
to the patients. Previous studies explored the effect of cross section shape on rigidity of lingual bars by means of
in-vitro cantilever bending tests’. However, optimal dimensions in lingual bar to ensure favorable stress transmission
to the abutments and supporting oral mucosa, has not been well assessed in relation to the rigidity of the alloys.

This study examined the effect of cross-sectional dimension in lingual bars on deflection of Ti-6Al-7Nb and
Co-Cr RPD frameworks and stress distribution both in the framework structure and oral mucosa under simulated
occlusal loadings. It was hypothesized that lingual bar made of the Ti-6A1-7Nb alloy with an increased thickness and
width has comparable rigidity to that made of the Co-Cr alloy, which was claimed to be the most rigid partial denture

alloy.



Materials and Methods

We created three-dimensional finite element models of mandibular RPD frameworks designed for the edentulous
area distal to the right first premolar (ANSYS 7.0, ANSYS Inc., Canonsburg, PA). Each framework included an
extension denture saddle, two occlusal rests on the first premolars on both sides of the arch, minor connectors, and
one of the nine lingual bars with different cross-sectional dimensions (Fig. 1). Vertical distance from the lower edge
of the lingual bar to the edentulous ridge was 12 mm, and that to the occlusal plane was 17 mm. The distance
between both sides of the mandibular ridge crests at the distal ends was 55 mm. Sagittal length from the anterior to
right posterior end of the bar along the midline was 36 mm. The thickness and height of the nine lingual bars (Fig. 2)
were; 1.5mm/4mm,2.0mm/4mm,2.5mm/4mm, 1.5mm/5mm,2.0 mm/5mm,2.5mm/5mm,1.5mm/6
mm, 2.0 mm / 6 mm, and 2.5 mm / 6 mm. Clasps, artificial teeth, and the resin denture base were excluded from the

model.

Fig. 1. A meshed finite element model of a
framework includes an extension denture
saddle, two occlusal rests, lingual bar, and

the underlying oral mucosa.

Fig, 2. Cross-sections of the lingual bars
designed in this study. Each bar had one
of the thicknesses of 1.5 mm, 2.0 mm,
or 2.5 mm; and one from the heights of

Each model was meshed by elements defined by eight nodes with three degrees of freedom in tetrahedral bodies.
Poisson’s ratio of 0.3 and a modulus of elasticity of 200 GPa were input into the program to simulate Co-Cr alloy’,
while those of 0.3 and 135 GPa were for Ti-6Al-7Nb alloy. Poisson’s ratio of 0.45 and a modulus of elasticity of 3.4
x 10® GPa were used for the mucosa®. The loading and boundary condition (Fig. 3) was based on a previous
studies’. The rest on the left (tooth-supported) side was fixed in all directions. This complete fixation was based on
an assumption that the clasps placed on healthy abutments were rigid enough to retain this part of the framework
unmovable. The rest on the right (edentulous) side was fixed only in a vertical direction to allow for horizontal
movements of this component. The bottom surface of the oral mucosa was also vertically fixed based on an
assumption that the bone was a rigid structure but it allowed horizontal distortion of the overlying mucosa. A 30 °
buccally oblique biting force of 20 N was directed simultaneously towards the center of each of the three missing
posterior teeth locations (total 60 N). Under the simulated occlusal loading, the framework displacements and the
principal stress distribution both in the framework and the mucosa were calculated.



Fig. 3. A 30 ° buccally oblique biting force was
directed simultaneously towards each of the three
missing posterior teeth locations on the saddle (total
60 N).

Results
The maximum stresses in the supporting oral mucosa were shown in Fig. 4. The maximum vertical displacement was

observed at the posterior edge of the saddle for all the frameworks.
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Fig. 4. The maximum stress in
mucosa shown in each model.

The maximum displacements reduced as the thickness or the height of lingual bar increased. They ranged from
86.6 pm to 148.4 pm for the Ti-6Al-7Nb bars and from 73.4 pm to 127.2 pm for the Co-Cr bars. The maximum
stress in the framework was recorded at the midline on the polishing surface of each lingual bar. The maximum stress
reduced as the thickness or the height of the bar increased. The stresses ranged from 233.2 MPa to 628.5 MPa for the
Ti-6AI-7Nb bars and from 230.3 MPa to 632.8 MPa for the Co-Cr bars. The maximum stress in the oral mucosa was
shown on its bottom surface right above the posterior edentulous ridge crest (Fig. 5). The maximum stress reduced as
the thickness or the height of lingual bar increased, ranging from 1.14 MPa to 1.80 MPa for the Ti-6Al-7Nb bars and
from 0.97 MPa to 1.61 MPa for the Co-Cr bars. The lowest maximum displacement and the stresses were recorded in

the model with the largest cross-section (2.5 mm-thickness and 6.0-mm height) for each alloy.

Discussion
The Ti-6AI-7Nb framework caused the largest vertical deflection of approximately 150 pm and the peak stress of

1.80 MPa. They were both close to the physiological limitations of the mucosa and the supporting alveolar bone,
therefore likely to cause a detrimental effect on the alveolar bone. The result of this study suggests that the increase
of the thickness be recommended in designing the lingual bars because it was clearly effective in reducing the peak
stress in mucosa under the oblique occlusal loadings. From studying all data, it was indicated that the Ti-6Al-7Nb
lingual bar had rigidity comparable to the Co-Cr lingual bar if the former had a cross-section dimension 0.5 mm
thicker than the latter with a same height, or 2.0 mm greater height with a same thickness. The result supported our



hypothesis that the lingual bar made of the Ti-6Al-7Nb alloy with an increased thickness and width has comparable
rigidity to that made of the Co-Cr alloy.

The maximum principal stress within the lingual bar considerably decreased as the thickness or the height of the
bar increased; however, it was insensitive to the elastic moduli of the alloys. The result was reasonable in the linear
elastic models in this study. The location of the peak stress in all the models indicated that the bars are likely to fail at
the midline. Failure probability of the prostheses is often estimated by comparison of the peak stress in the materials
with their strength values. The highest maximum principal stress within the Ti-6A1-7Nb and Co-Cr bars (628.5 MPa
and 632.8 MPa, respectively) were slightly below the reported yield strengths of corresponding alloys (890 MPa and
710 MPa, respectively). If principal tensile stresses that are close to the yield or tensile strengths are considered in
the finite element models, the deformation or the fracture of the lingual bar of smaller cross-section dimension might

occur in the loading condition in this study.

Fig. 5. Stress contours in the mucosa for the
Ti-6Al-TNb (left) and Co-Cr (right)
frameworks with the lingual bar of 2.0
mm-thickness / 5 mm-height, viewed from
above and bottom. For each model, the
maximum compressive stress was shown in
the bottom surface of the mucosa right above
the top of the posterior edentulous ridge
crest.

Co-Cr
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Upper View Bottom View
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Endothelin-1 (ET-1) induces a positive inotropic effect (PIE) due to a combination of an increase in
intracellular Ca®* transients (CaT) and myofilament Ca* sensitivity in rabbit ventricular myocardium, but it
alone does not elicit significant inotropic effect in dog ventricular myocardium. However, in the presence of
norepinephrine (NE), it induces a PIE and/or negative inotropic effect (NIE) depending on the concentrations
of NE coexisting with ET-1. The roles of kinases such as protein tyrosine kinase (PTK), Rho kinase (ROK)
and myosin light chain kinase (MLCK) in the regulation of cardiac contractility and Ca* signaling remains
unclear. The present studies were undertaken to examine the effects of PTK inhibitor genistein, ROK
inhibitor Y-27632 and MLCK inhibitor wortmannin to elucidate the potential role of PTK in the inotropic
effects induced by crosstalk of ET-1 and NE in dog, and that of MLCK and Rho kinase in regulation of
cardiac contractility and CaT in rabbit. Experiments were carried in isolated dog and rabbit ventricular
myocardium and indo-1/AM-loaded single myocytes.

In isolated dog ventricular trabeculac and myocytes, genistein elicited a concentration-dependent PIE in
association with an increase in the amplitude of CaT. Genistein potentiated the NE-induced PIE and an
increase in the amplitude of CaT in a concentration-dependent mannar, but inhibited the ET-1-induced PIE
and increase in the amplitude of CaT in the presence of NE at low concentrations, as well as the ET-induced
NIE and decrease in amplitude of CaT in the presence of NE at high concentrations, whereas genistein did not
affect the NIE of carbachol, that elicits anti-adrenergic effect via activation of G; proteins.

In isolated rabbit papillary muscles and myocytes, Y-27632 inhibited significantly the baseline contractility
and the amplitude of CaT, suppressed the ET-1-induced PIE and increase in the amplitude of CaT in a
concentration-dependent manner. On the other hand, wortmannin decreased basal contractile force without
affecting the amplitude of CaT, markedly inhibited the ET-1-induced PIE, but did not suppress the increase in
the amplitude of CaT induced by ET-1. Neither Y-27632 nor wortmannin affected the PIE and the increase in
the amplitude of CaT induced by isoprotereno! (ISO) via B-adrenoceptor stimulation.

Our findings in the dog indicate that both the PIE and NIE of ET-1 in the presence of NE require the
activation of PTK, and the NIE induced by ET-1 and muscarinic receptor stimulation involve different
patliways in dog ventricular myocardium and myocytes. The findings in rabbit imply that the activation of
ROK and MLCK contributes to the ET-1-induced increase in contractility: ROK primarily elevates increase
in the amplitude of CaT, while MLCK mainly increases the myofilament Ca* sensitivity in rabbit ventricular

myocardium and myocytes.



Key words: Endothelin-1, protein tyrosine kinase, Rho kinase, myosin light chain kinase, inotropic effect
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Endothelin-1 (ET-1) is a potent vasoactive peptide of 21 amino acids that was originally isolated from the
culture medium of porcine aortic endothelial cells. It exerts a positive inotropic effect (PIE) in most
manunalian species but not in dog ventricular myocardium. Our recent studies in the dog heart showed that in
the presence of low concentrations of B-adrenoceptor agonists, such as norepinephrine (NE) and isoproterenol
(ISO), ET-1 induced a PIE, whereas it elicited a negative inotropic effect (NIE) in the presence of high
concentrations of -adrenoceptor agonists.

Protein tyrosin kinase (PTK) mediates the actions of a various types of cells including the cardiovascular
systems. Recent studies revealed that the PTK inhibitor genistein enhanced an increase in L-type Ca** current
(Ica) induced by B-adrenoceptor stimulation. In contrast, however, we recently found that genistein exerted
an inhibitory action on the ET-1-induced PIE and an increase in Ca** transients in rabbit ventricular myocytes,
but little is known about the role of activation of PTKs in the crosstalk of ET-1 and NE in the dog heart.

The intracellular signaling pathway for cardiac regulation has been shown to involve monomeric G protein
(RhoA) and its direct target Rho kinase (ROK). RhoA is activated by binding guanosine triphosphatase
(GTPase), stimulates ROK, which phosphorylaies and inhibits the myosin light chain (MLC) phosphatase
and/or MLC itself. In smooth muscle cells, MLC kinase (MLCK) and ROK act in concert to increase
phosphorylation of MLC-2. While MLC-2 is phosphorylated by MLCK also in the heart, the role of MLC-2
phosphorylation in cardiac muscle has been studied relatively less because unlike smooth muscle, cardiac
muscle contraction is primarily regulated by thin filament modulation, the experiments were carrid out to
elucidate whether the activation of ROK and MLCK is involved in the ET-l-induced contractility and
cytosolic Ca** signaling.

In the present study, we investigated the influence of PTK inhibitor genistein to elucidate the role of PTK
signaling in regulation of the inotropic effects induced by crosstalk of ET-1 and NE in isolated dog
ventricular trabeculae. We also applied ROK inhibitor Y-27632 and MLCK inhibitor wortmannin to isofated
rabbit papillary muscles, examined their effects on inotropic responses to ET-1. For comparison the influence
of these inhibitors on the PIE mediated by B-adrenoceptor stimulation by ISO or NE was also studied. Qur
previous reports have indicated that the effects of ET-1 and receptor antagonists on single ventricular
myocytes are quantitatively different from but qualitatively similar to those in papillary muscle. Therefore,
the present experiments were also carried out in ventricular myocytes loaded with a fluorescent dye,

acetoxymethylester of indo-1 (indo-1/AM).

HREHE -
1. Preparation of dog ventricular trabeculae and rabbit papillary muscles
2. Measurements of inotropic effects in dog and rabbit ventricular myocardium.
3. Isolation of dog and rabbit cardiac ventricular myocytes.
4. Loading of myocytes with indo-1/AM.

5. Simultaneous measurements of cell shortening and indo-1 fluorescence ratio.
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1. Effects of genistein on dog ventricular trabeculae and myocytes:

(1) The PTK inhibitor genistein elicited a concentration-dependeni PIE in association with an increase in
the amplitude of CaT, while daidzein, an inactive analogue of genistein, elicited a NIE.

(2) Genistein but not daidzein inhibited the ET-l-induced PIE and increase in amplitude of CaT in the
presence of NE at low concentrations.

3) Genistein as well as daidzein antagonized the ET-induced NIE in association with a decrease in
amplitude of CaT in the presence of NE at high concentrations, but genistein did not affect the anti-
adrenergic effect of carbachol.

(4) Genistein but not daidzein enhanced the PIE in aésociation with an increase in CaT induced by NE via
the activation of B-adrenoceptors, which was abolished by the protein tyrosine phosphatase inhibitor
vanadate.

2. Effects of Y-27632 and wortmannin on rabbit papillary muscles and ventricular myocytes:

(1) Y-27632 (3-30 yM) inhibited significantly the baseline contractility and the amplitude of CaT, but
wortmannin decreased the basal contractile force without affecting the amplitude of CaT.

(2) Y-27632 suppressed the ET-l-induced increases in contractility and the amplitude of CaT in a
concentration-dependent manner, but wortmannin only inhibited the ET-l-induced PIE, with no
influence on the ET-1-induced changes in the amplitude of CaT.

(3) Y-27632 and wortmannin did not affect the effect of ISO elicited by B-adrenoceptor stimulation.

E .

The important findings in the present study are that the PTK inhibitor genistein elicited the action as the
PTK inhibitor and non-specification that is unrelated to PTK inhibition. The action as the PTK inhibitor
involves 1) an inhibition of the PIE and Ca®* signal induced by crosstalk of ET-1 and NE; 2) an enhancement
of the PIE and CaT induced by NE via activation of B-adrenoceptors; and 3) a direct facilitatory action on
basal contractility and Ca®* transients. In addition, genistein inhibited the NIE of ET-1 in the presence of high
concentrations of NE, which was mimicked by an inactive analog, daidzein.

In rabbit ventricular myocardium and myocytes, ROK inhibitor Y-27632 decreased the basal force of
contraction and Ca®* transients, inhibits the ET-l-induced PIE and increase in Ca®* transients in a
concentration-dependent manner. MLCK inhibitor wortmannin at concentrations of UM decreased the basal
force of contraction and inhibited the ET-1 induced PIE and the increase in cell shortening, but did not affect
the amplitude of CaT, suggesting that MLCK may be involved in the increase in myofilament Ca* sensitivity.
The concentration of wortmannin applied in the current study was sufficient to inhibit MLCK activity, as
shown in smooth muscle. Although the potential role of PI3 kinase in the effect of wortmannnin could not be
completely excluded, the observations that wortmannin up to 0.3 uM did not affect the basal force and the
ET-1-induced response support the view that wortmannin primarily acted as a specific inhibitor of ML.CK in
current experimental conditions. Neither Y-27632 nor wortmannin affected the PIE of ISO.

These observations suggest that the activities of PTK ROK and MLCK pathways may play crucial roles in
cardiac function by modulation of the basal as well as receptor-mediated control of cardiac contractility and
Ca®* signaling under physiological and pathophysiological conditions. The activations of PTK, ROK and
MLCK play differential roles in the ET- and B-adrenoceptor-mediated positive inotropic and increase in Ca**



transients in dog and rabbit ventricular myocardium.
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2. The Rho kinase inhibitor Y-27632 antagonizes the positive inotropic effect and increase in Ca® transients
induced by endothelin-1 in rabbit ventricular myocardium.
$E20 BPEESE200449 A 198, BXHE

3. DYXDEGHMACEH TS ET-112& 5 Ca EIMMMIBE L S 4L VBHES -

55 M AXREEP N 200459A 248, AKLiEE

4. 41 RDEFHITE TS ET-1 & NE O crosstalk (L& ZENERICEET S ET SBKY T424TD
Eh
E55E AXFEBRELIHE 200498 24 8, BAXILHE



(.f’ 7K B Eliomss
‘Tha Nippon Foundation

MEEANAEBFEZHS
20044F L RIS L B & — v m Ames - s pn- e E
Fé /] w3 A4 oA
MEBA B FEFBE W

B L BHEEZEREL TITo L PEATRE - BREBBIC OV THREVWELET,

KRS : BREESE |
| seERs o B — @

FREEL B ELY EEEPE

FER®E:_AUARRARL  me: B
T

B BERTAZEEEL/So Leyio—(

BEE:  02-2972-81 W 2¢¢/

-t

LB R & 8 C(ae,,ooo m

2. BHEF—X

(m ks > JR e ] FRBE RS B FRIF (8 B33 Blre AR
3. KR OME (00F=26E)

S RO 72 2Nk B TR 1 B B IR SR D BEBRHE
AR, RREEER L) 2ok, EAMTHEZBEL, &b, A—Y
B BRI TER LT,

A BERBRE
& 4 26 TF mac EOBIE M
mRge: _ SHENUR E RIS wg . __ npl

5. BEREBE (8, x4EH. I12%)

20044E6 A 21 H—20044E9 A 16 H

BHER ra—n

ODBS DFHF (FEARA, KEH, £ER),
Ok (EBEKER, £8R)

@PFis (BRAER)

@QFEED 77 LR (BBEAER)

- ZOf, HRAR, XAV Y =y ZITTHHE,

- 2004 4£ 9 A 13 B PEMHRHNRIER BEIZH T 5 HEK

— 56 -



— AP EF R R -
fMRI & INIRS ZRWET LA v EXVY

MEERE B B
FEESE HEREAEERRRARREIEE
KREWRE B K BEIER. EREE HE
| ®E, B8 8. WEBERE. KE—
HEMEETE  BEREESRBEINR

Abstract

BOLD contrast fﬁnctional MRI (BOLD-fMRI) has been employed to brain mapping in the patients
with brain disorders; however, it is not known whether the normal brain and pathological brain
exhibit similar evoked-cerebral blood oxygenation (CBO) changes. We compared the BOLD imaging
and the evoked-CBO changes measured by functional near infrared spectroscopy (fNIRS) in the motor
cortex of the patients with cerebral ischemia and brain tumors. BOLD-fMRI demonstrated clear
activation areas in the motor cortex on the non-lesion side of all patients; fNIRS showed a decrease of
deoxyhemoglobin associated with increases of oxyhemogiobin and total hemoglobin. However,
BOLD-fMRI revealed only a small activation area or no activation on the lesion side in some patients.
Intraoperative brain mapping in glioma patients identified the motor cortex on the lesion side which
was not demonstrated by BOLD-fMRI. The results indicate that BOLD-fMRI may overlook the
activation area in the pathological brain due to the atypical evoked-CBO changes (i.e. an increase in
deoxyhemoglobin).

Key words: BOLD, NIRS, cerebral blood oxygenation
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BOLD 3> k5 X b functional MRI (BOLD-fMRI) I3, FHEIEEIRE DM BN OBEERLATS/OE > (Hb)
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BT RERBERABTHICETRARANDRL 2N,

BOLD-{MRI i3 22/ AREEIC BN 2%, B RIERERABIIHE TE/4W, —4, functional NIRS (#
BERIE TRAL 73 e EE) 13RI M REREDME V1 08, BB B L Hb LISV ICEE R/ Hb S48 Hb O BER L &L D 4
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~ 2F ¥ >RJVNIRS (NIRO-300. ¥e#dR b= A%8) UL F v >3RIV NIRS (0MM2000, Biksfkri

#HE) 2EAL, EHHFICBITIMERZARECZGA L. EBF A ICEBEBEFEZAN:.

[&R]
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e (B280). ZDES7k6liona FIOWFRES Y U2V TR, EEEFIERHEEZRL TWE (B2B).
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Mg P RRE e Eid, HREEICK2EBRANES (1L REB) ZHIEL TWSAHL, BOLD-IMRI % fNIRS
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PETZAVT 2 RESREDAN X LEZRFL., HRESHRICIXRFTMATEA S 0 BBE LT 4.
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Fig. 1

A: BOLD imaging of motor function in the normal adult (right motor task). B: Evoked-CBO changes
in the activated motor cortex measured by fNIRS in the normal adult. The ordinate indicates
concentration changes of Deoxy-Hb, Oxy-Hb and Total-Hb. Horizontal thick bar indicates the period
of the motor task. Deoxy-Hb decreased associated with increases of Oxy-Hb and Total-Hb. C:
BOLD imaging of motor function in the patient with cerebral ischemia. The asterisk indicates a
lesion of infaction. Note that BOLD-fMRI demonstrated only small activation area. D:
Evoked-CBO changes in the activated motor cortex measured by fNIRS in the patient with cerebral
ischemia. Note that Deoxy-Hb increased associated with increases of Oxy-Hb and Total-Hb during
activation.

Fig. 2

A: BOLD imaging of motor function in the patient with glioma. The asterisk indicates the tumor.
BOLD-fMRI demonstrated no activation area during motor task.

B: Operative view of the cortical mapping of the glioma patient. The motor cortex on the lesion side
was functioning (surrounded by the white line). C: Evoked-CBO changes in the activated motor
cortex measured by fNIRS in the glioma patient. The ordinate indicates concentration changes of
Deoxy-Hb, Oxy-Hb and Total-Hb. Horizontal thick bar indicates the period of the motor task.

Deoxy-Hb increased associated with increases of Oxy-Hb and Total-Hb during activation.
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E5

RS CINEEE s & OBHIRE LHERB OFEIC I MRBRETUEN K E KB5S Z EMHSNTR-TVA. 1
RIERRICHBV T3 MRS S BB X TR (L OE B 2T 2 Z L bREICE S T LAYF TE 3. itk
FROPHIRSICIE, M/MREEEER GPIb &I von Willkbrand BT (VWF) &D#& &, GPVI &MERK FEETD
B35 L0E, D2DDRIGNEETHS. ZO2D00RIZCNECILTERTR EELI N TWE, L
LAIRICLY, MR EDIV AT O—IVPR T 4 2 ORBEICEARE (GEMs £/zidmaft) IZGPb & GPVI D&
BHEEDH O N, Ti-KESD GPVI i3 GEMs fEIRIZRBTEL TWADIZH LT, GPIb IifivMRIZRRL TV54£ GPb D
#110% D GPIb 7% GEMs IZ 4 L TWBIZTERDS, VWFE-GPD, 7713 GPVI 4t Uiz ifi/IMRFEIEbIZ & D GEMSs i2
TFET 3 GP HHEHUREHRERICIBING 3 ZE SNz /e, NS DEREKD, GPVI & GP tdufi/ MR LD
GEMs %ifU T3 U TivMRIEHERIS 25 &R 2 UG EZBE S E 5 Z LA R ahz. ¥/, VWE-GPD
ZA U7 MR K D Bk ATSHRERIC T O > U VBbEh, OBk OFO3 1) 2 ELH PI3Kinase FiE
Az ko THREINENWZ LZRWELE. GPD 24t LAi/MRIEBIREIZBWTIS, Btk A2Pi3Kinase IZ7E L TV
VW, EFRICAIE L TWARTREASR S e,

Key Words
/MR, VWE GPb, GPVL, > )URE, GEMs

we

/MR EREFERAICHVT S MR BN TR EEIZ R Z LIRS A5 NTWSAS, IE4E,
IMBHSRETTEAS LR EE IR S E DBIRBLIERBOREIC DA Z <SS 5 Z LA SMTR- TEE. /o Tl
IMRIERED A B =X ZEB SN B 2 E13, BRI LOSSEREOMIRP, TORMEORRIC b OIS TIEEES
G TE, BREZOEERT—<D1DELTHEINTLS. ) '

IAFEROFARANTIE, f/MRE 19 von Willebrand F(VWB DS L, VMR E B T CH B 5—
52 EORAMEETHS. FIEORAITENTII/MIR (GP) b 25 VWF OZ2&4E L TEIVLTEY, BEDRAIC
BWTIIAS—T 2 BEM4D 1 DTH S GPVI WSHIEETH S I EHEEDPIFENSHSMIIZ- TS, GPb, GPVI
& BHITH/MEZAETH D, VWEGPD 24 L TIERN Tl MREEEATER I N5 Z &0, PR THIC GPVI A4
U TR Bt a3 2 LR EVBSEMIZ> TETEY, T, GPb, F/zid GPVI A L= vMERHESED
BERNBAICZENTNS. _

GPVIZ 1999 iz 0—=> 7 aea5—5 > BB THY, Fe BEBSALIEBENMIZES L TWS!. a5—4">
EI/MR GPVI OERIZED, S 77 IU—FOL I+ | Fc 22Hy340 ITAM
(immunoreceptor tyrosine-based activation motif) fEEASF OV EMEEFIESRIL, HIRNT ZVFIIVOERGIZEN -
TW< 2, GPb X VWF IZ 9 2584 TH D, I/IMRIZ 25 000 copy BRL THD, GPIX-V & biIEAKETRL
TW3, MF VWF EDREEIZEL D Ifii/MIEHENEC, m/MUEBENBRINS. HERAIZ GPD ARIBLTWS
Bernarld-Soulier EARE TlIHUMBRAASND ZENS D, GPb MNILMGIZEETH S Z &3, BREADINETO
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Wigehs, VWF & GPIb DAL D Fo SAMENFOL U SBIEI NS Z %00, GPIb & Fo SAHyEEA
BUKFRNTHA L TR BT EAHLMNIEo /8. iz, VWRGPD IZXAiMRFEIEKIZE D Sc 77 S ) —FF

H5 Src NIGPh IZHEA L T BT EbHBALEL. i, RGP IS UIIVMRELEZRL EEZ 5 NTVWeeE
alboaggeregin A ASGPVI IZH#ER L, MVMRIEIHEZEU TN Z &AM/ S, ZHUL GPIb & GPVI ASEEST
HBT DR ERB LI bDTHS. ZOXIITINETHN L TERICEES L TWa EE X 5N TS GPVI,
HBVNI VWE-GPD 24 L7 HlpuiEasght, RBERICO 0X b—J L TWATIRERARR S k.

T HiE-S B #ilia/s & ORFBHRBIZ BN TIY, Fo SREHEN L ESRERIMIER LI ET 2 A7+ VdIEHE,
VAT O ESEMEIC B AR M, (GEMs: glycosphingolipid-enriched microdomains, £7=13 raft) 12/&
ETBIEMWEINTNS S FUFETIE, Bex /MR LT GPb & GPVI & L TWARIBERZREIL, T5K
Z D GPb & GPVI OEEHNUM/ MR £ D GEMs THSNSMMEIAT S & &HiZ, WF-GPIb 24t Ui/ MRIEIHEA =
LD ZEDT.

Bk

(1) ERRIRU TVRWEEREAL DI TOEF M) UL Uz fi#k% 100xg 12 530U, SivMRiiiE

(platelet rich plasma, PRP) %75, & 51 Tyrode’Buffer, ACD %/ W\ THSHIVIMRIZBIERZRB L /= Z OUiHivIMRIZ VWF

&, VWF #£ 8% E A Td S botrocetin, FE7=t3 GPVI #BMEEEH T3HS convulxin ZINZ /2. Botrocetin 2%EE L7z VWF
W3EM LR VWEF ICHEEZEL, GPD IS L, GPD 24t L7aivIMRIEEHEAYECS. —EREIRE, Triton X-100 %
A TRiAbE B/e. "R bivMRE AR X DRI L /-, #81% SDS-PAGE T/EBIL, PVDF RICEE,
PV BT O SHHE, HiGPD Fils/a &2k D Western blot U TF 012 SEEDIREE®S GPb & GPVI D& D
{fbERE L7, .

(2) GEMs D% : SERUIVIME, 25\ VWF-botrocetin 12 & AHli#ufi/IMR % Triton X-100 THIE(HE, SBO
80% A O—RAZMATz (AU O—AKIRERT 40%). ZOLRBIT %A 0—REEREL, SI5IZEDLBIZ 0%A7 0
—ZREERBL, Zh# 200, 000g 2. 5 FE 4°C D&M TEBLEITo /2. GEMs i3 LI 1/4 BOBBIZAWRATED
BELTH/BZENTES. F/-3EGEMs & LT, B TFBOBE%E GEMs LEBEINL/z. Zh5% SDS THAEL T,
SDS-ES BN L W EEE45EEL TRROHHEZRWT Westemblot UL TERDRZTo72. £/ GEMs @& JE GEMs
fEZ&Hid GPVI FikZ AW THREEL, HiGP FilkERWT GEMs 128115 GPD & GPVI D& ZRIM L7z

R, R

(1) ¥iGPVI HitkZRV=RERIHC LD, FRBL/MRIZHBWT GPVI & GPDb DSEREREERL TWBZ EA%R
»5NTz. GEMs 2B 3K 4 OZRMED S, Blluf MRIZHB T GPb O—5%% GEMs BIRICHTL THD,
VWF-botrocetin i, %%V convulxin FRHIZ I D GEMs 1537592 GPIb A88HIL 7. GPVI IZEDAIERA GEMs 12
BHELTVWe. ZOT LI VWF ITiEE LTz GPIb AM/IMIERL LT GEMs 158U GEMs BUD GPb 4% 525 >
9B Z T K D IVIMENEET 5 Z EASRM S . £72 GPb & GPVI D247 GEMs I EMICE 51, JEGEMs
FIRTIIERD S e o, £/ GEMs G2l 5 1V A5 O0—)UBAEHIT3H 5 methyl p cyclodextrin 20U/
Tl GEMs 1207375 GPIb *° GPVI IZEE2 5177, GPIb & GPVI DR bk ZhoDRED, MR
BT, GPVI & GPb M/MIIEED GEMs I TREEHT Z LTk D vMRIEIHEAE L B TTREMNE X 5,
GEMs fEIS GPVI & GPDb D3RP & U TEELRRREIZE> TWa T AR s, Bk biivMRIZEBVTIE GEMs
RO GPb A% GEMs SBT3 A0 =X NI ERATE TN, Shrimp LI GEMs BgIZ$H% GPD X
palmitoylation SN T3 Z L &L TNBAY7, Bald GEMs FIRICH 5 GPIb &IE GEMs FIKIC 35 GPIb A8 VWF IZ
&I GAEY 7 INTIE GEMs RO GPb 7% GEMs FRIRICH BT 2 lREIE2E X T3, SHEIIZ ORFEREEL
TWFETH.

(2) VWF-GPDb %41 L7z fivMRIEHHEIC B W T MRIE (LB R T 3 Btk, Phospholipase Cy-2 (PLC y2) DE L ERRGT
L7z, PLCy2 I3HIROBHLICE BN I L LRICEERBER THY, INETIC VWEGPD 24 Ui v MRiEHEL
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I2X D PLCy2 DF O U AL D T EARERIN TS, VWEGPD %4 LB bil/IMR 2 PLC y2 25K
WELFOS U B S EMEERN L2 & 23, PLC Y2 & & BIT 75kDa fHEIZ PLC y2 133 F 0 > U L
HERZREDE. —F, BkidTee 77IV—IIBTAFOL FF—FD1DTHN,PLCy2 & & HiT/IMRHEIAS
WO LEINCEERERTHS, 41E, VWE-GPD 27t L7zii/MRIEHEIZ X D Btk (Bruton’s tyrosine kinase, 78 kDa)#t
FOI ) JEEEINBTEERNWEL, PLC y2 IZ38ET 5 75 kDa OF O > SEHEERIZ Btk M'8FN, Bk
VWFE-GPb Z5 UEii/MRIEHELICEE TH SRR I e, ThETHOMIRR T, Btk 13 Phosphoinositide
3kinase (PI3-kinase) D FHCTIEMAL, PBX EMHEESICE DIMHEII B LBEINNS 8. & ZANSEIORN T,
VWE-GPDb 12k % Btk DF 0321 SEE{UIE PI3kinase DBERIEMHEERIC X DI e/, TORRXD, b
BRIZBWTIT Btk 1EEROD L S 1 PB3Kinase DT Cld72<, PI3Kinase DEFUALBL TS, 3303 Pi3kinase
EINT UT=TEM RS 2 TTREMASRIR S 7=, Btk & PBkinase DAEIERICDOWTIZSH, Bk, 5 V)d P3-kinase
RIETURMMEERWEEREBIRD. i, Tec 772 )—0 Bk USOFOL 3 F—E0BESIIOWT biRet
ZNx 5.
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Abstract

We used magnetoencephalography (MEG) to study effects of sleep on cortical responses to noxious
stimuli and to clarify the mechanismé underlying pain perception. For a noxious stimulus, painful
intra-epidermal electrical stimulation (ES), which selectively activates A-delta fibers, was applied
to the dorsum of the left hand. While awake, subjects were asked to count the number of stimuli silently
(Attention) or ignore the stimuli (Control). During sleep, magnetic fields recorded in stage 1 sleep
and stage 2 sleep were analyzed. One main component at a latency around 140-160 ms was identified in
the awake condition. Multiple source analysis indicated that this main component was generated by
activities in the contralateral primary somatosensory cortex (SI), bilateral secondary somatosensory
cortex (SII) and insular cortex. The medial temporal area (MT) and cingulate cortex were activated later
than the main component. Cortical responses in the contralateral SI, ipsilateral SII and MT, bilateral
insula and cingulate cortex were significantly enhanced in Attention as compared with Control. The main
component IM as well as later magnetic fields were markedly attenuated during sleep, suggesting that

all these cortical areas are involved in pain cognition.
Keywords: Attention, Magnetoencephalography (MEG), Pain, Sleep, Somatosensory

Introduction

Mechanisms underlying pain perception have been examined in many studies but are still not well
understood. Since cerebral responses to noxious stimuli are affected by the subject’ s attentional and
arousal levels, several studies have investigated the effects of distraction on pain-related
somatosensory evoked potentials (SEPs) [1,2] to clarify the mechanism of pain perception. These studies
found a decrease of pain-related SEP amplitude during distraction tasks. Examining the effects of sleep
on cerebral responses to noxious stimuli is another useful way of understanding nociceptive processing.
However, up to now, only a few studies have attempted to investigate the cortical responses to noxious
stimuli during sleep [3, 4, 5]. Beydoun et al. [1] reported that pain-related SEPs were markedly decreased
during sleep stages, which was confirmed later by Naka and Kakigi [6] and Wang et al. [7]. In the present
study, we recorded magnetic fields following ES to investigate the effects of sleep on cortical responses

to noxious stimuli.



Methods

Ten heal thy subjects participated in this study, and informed consent was obtained from all subjects.
Intra-epidermal electrical stimulation (ES), a method we recently developed [8, 9], was used in the present
study. The intensity ranged 0.1-0.3 mA. The inter-stimulus interval was varied at random between 0.1-0.3
Hz. The stimulus duration was 0.5 ms. First we obtained data in the awake state. Subjects were instructed
to mentally count the number of (Attention) or ignore (Control) the stimuli. After the collection of
data in the awake state, subjects were left to fall asleep. We analyzed SEFs only during stage 1 sleep
and stage 2 sleep in the present study. Each session was made up of an average of 60 trials.

SEFs were measured with a dual 37-channel biomagnetometer (Magnes, BTi, San Diego, CA). The two probes
were centered around positions C3 and C4 according to the International 10-20 System. SEF responses were
filtered with a 0.1-100 Hz bandpass filter and digitized at a sampling rate of 2083 Hz. The analysis
time was 100 ms before and 400 ms after the application of each stimulus. First, the root mean square
(RMS) of the evoked magnetic fields was calculated at each sampling point in order to compare the amplitude
of the response among the four conditions. Second, since several cortical activities following noxious
stimulation overlapped temporally, we used the brain electric source analysis (BESA) software package
(NeuroScan, Inc, Mclean, VA) for the analysis of theoretical multiple source generators as described
elsewhere [9]. Data were expressed as the mean =+ standard deviation (SD). A paired t-test was used to
compare RMS between the control and each task condition every 0.48 ms. A P value less than 0.05 was
considered significant. The source strength of each cortical activity was compared between attention
and control using a two-way analysis of variance (ANOVA) (condition and source as the two factors). P

values less than 0.05 were considered significant.

Results

In the recorded magnetic fields, one consistent component was identified in both Attention and Control
from each hemisphere. We termed it IM and IM (i), recorded from the hemisphere contralateral and
ipsilateral to the stimulation, respectively (Fig. 1). As shown in Fig. 1, evoked magnetic fields were
enhanced in Attention as compared with Control. No clear activity was identified during sleep. The RMS
in Attention was significantly larger than that in Control in both hemispheres at a latency of 130~180
ms (paired t-test, P<0.05). During sleep, the RMS around 110~270 ms in stage 1 and stage 2 sleep was
significantly smaller than that in Control (paired t-test, p<0.05).

BESA analysis indicated multiple cortical regions including the SI, SII, insula, MT and cingulate
cortex were activated by noxious stimuli (Fig 3). The peak latencies of the contralateral SI, SII,
and insular activities were 152, 149 and 145 ms, respectively, in Control (Table 1), which cbrresponded
approximately to the peak latency of IM (148 ms). The peak latencies of the ipsilateral SII and insular
activities were 159 and 155 ms, respectively, which were longer than the respective latency in the
contralateral hemisphere by approximately 10 ms, and also corresponded to the peak latency of IM (i)
(157ms). To explain the magnetic fields later than 1M and IM (i) components, sources in MT or cingulate
cortex were necessary. Since evoked magnetic fields during sleep were markedly attenuated, we could not
find any source activity in them. Therefore, the source strength of each source activity was compared
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Contralaleral Ipsilateral
Mk,

Fig 1. Magnetic fields following noxious epidermal stimulation of the dorsum of the left hand in the awake state,
stage 1 sleep and stage 2 sleep in subject 1. (Attention, Stage 1 and Stage 2). The scale for the paired t-test

is a common logarithm. P<0.05 was considered to be significant.

Fig. 2 The group-averaged RMS of all subjects in the four conditions and the paired t-test values at each sampling
point between the control and each task condition (Attention, Stage 1 and Stage 2). The scale for the paired t-test

is a common logarithm. P<0.05 was considered to be significant.

Control Attention
Sl{c) (ms) 1561.6+18.2 146.7213.3
Sli(c) (ms) 148.7%17.3 142.0212.1
SIIi) (ms) 168.6112.8 156.61:12.8

tnsula(c) (ms) 144.9+16.8 138.9%15.3
Insula(i) (ms) 164.9%14.3 1652.3%17.3
MT(c) (ms) 186.7£15.4 188.9%13.9
MT() (ms) 192.6%15.1 190.2%10.2
Cingulate (ms) 192.7x16.1 198.1%£14.2

Table 1. The source latencies and strengths of each component in the awake state. 'P<0.05, "P<0.01 compared with

Control (Fisher’ s PLSD procedure).

between Attention and Control (Table 1). The activities in the contralateral SI, bilateral insula,

ipsilateral SII and MT, and cingulate cortex were significantly enhanced in Attention as compared with



Control (p<0.05), whereas the change of the contralateral SII did not reach the significant level (p=0.12)
(Table 1).

Discussion

Multiple cortical regions including the SI, SII, insula, MT énd cingulate cortex were activated by
noxious stimuli. All these activities were clearly modulated by the subjects’ attentional and arousal
levels, suggesting that they are involved in nociceptive recognition.

Noxious stimuli applied to the skin activate cutaneous-nociceptors. The signals are conveyed through
peripheral nociceptive afferents and the spinothalamic tract to reach the thalamus and then cerebral
cortices. During sleep, a subject does not feel any pain after receiving the noxious stimuli, indicating
the nociceptive pulses may be blocked at certain points along the neural pathway. Our results showed
that all cortical activations were significantly reduced during sleep. Bushnell .et al [10] reported that
nociceptive neurons in the medial thalamus were modulated by changes in attentional state, suggesting
that changes to cortical activities during sleep or attentional tasks are due to changes in thalamic
activities. This hypothesis can explain our results that all activities of the SI, SII, insula, cingulate
cortex and MT were decreased during sleep at least in part. In cohclusion, the main component 1M as well
as later magnetic fields were markedly attenuated during sleep, suggesting that all these cortical areas

are involved in pain cognition.
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Abstract:

This research was conducted to investigate the potential of mouse embryonic stem (ES) cells to
differentiate into gonadotropes. In vitro studies used RT-PCR, Western blotting and immunohistochemistry
to analyze gene expression of gonadotrope markers in developing embryoid bodies (EBs) derived from ES
cells. Hesxl, Lhx3, Propl, GATA2, follicle stimulating hormone beta (FSHB) and luteinizing hormone beta
(LHB) mRNAs were detected at Day 6 and maintained throughout the culture to Day 56. FSHP and LHP proteins
were expressed in EBs from Day 6 onward. Immunofluorescent labeling of FSHP and LHB showed that specific
staining was restricted to the cytoplasm of some differentiated EB cells. With EB development, the number
of positive cells increased significantly. They aggregated mainly within EBs and spafsely distributed
among the outermost cells surrounding EBs. In vivo studies with implanting Day 6 EBs under the kidney
capsule of 5-week-old male BALB/c nude mice exhibited clusters of cells positive for FSHB and LHP in the
graft at 4 weeks post—transplantation. These results indicate that mouse ES cells can give rise to mature
gonadotrope—like cells following their differentiation into EBs. It also shows that EBs may serve as an
excellent model system to study the development and function of gonadotropes.

Key words:

Embryonic stem cell, embryoid body, gonadotrope, follicle—-stimulating hormone, luteinizing hormone
Introduction:

The anterior pituitary consists of six specific hormone—producing cell types derived from a common
primordium [1, 2]. Gonadotropes, one of the principle groups of cells, synthesize and secrete FSH and
LH, both of which act in synergy to regulate reproduction and are structurally related glycoproteins
composed of a common o subunit and a hormone—specific B subunit [3, 4]. Gonadotropin production requires
the normal development and function of the pituitary gonadotropes. Many genes are involved in gonadotrope
development [5]. Although abnormalities in these genes are known to result in gonadotropin deficiency,
the cellular and molecular mechanisms for gonadotropin deficit remains unclear due to the lack of good
model systems to study gonadotrope development and differentiation. Establishing a developmental model
able to understand these mechanisms is imperative for the correct diagnosis and better treatment of
reproductive disorders. ES cells are expected to become a powerful model system due to their capability
of self-renewal and totipotency and the ability of EBs derived from ES cells to mimic a developing embryo[8,
7). In this study, we investigated the potential of ES cells to undergo gonadotrope differentiation.
Materials and Methods:
cell culture

Undifferentiated mouse ES cells (129/sv strain, Cell and Molecular Technologies, Philipsbrug, NJ, USA)
were maintained on mitomycin C~inactivated STO fibroblasts in ES cell media. To induce formation of EBs
after dissociation with 0.05% trypsin-EDTA (GIBCO), ES cells were suspended in differentiation media by
the hanging drop method (600 cells/30 ul-drop). After 5 days (indicated as Day 6), EBs were transferred
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to non—treated dishes and cultured with gentle shaking to prevent attachment for another 3-50 days.
RI-PCR

Total RNA was extracted from mouse ES cells, EBs, STO cells, pituitaries at embryonic day 12 (E12),
and week 6 using RNeasy Mini Kit (QIJAGEN, Valencia, CA, USA). The RNA was reverse transcribed into cDNA
using SuperScriptIl first-strand synthesis system with oligo (dT) (Invitrogen, Carlsbad, CA, USA). PCR
was performed using Ex Taq DNA polymerase (Takara, Otsu, Shiga, Japan) in a MyCycler™ Thermal Cycler
(Bio—Rad, USA).
Hestern bl/otting

EBs, mouse adult pituitary and liver were lysed on ice in lysis buffer with protease inhibitors. Proteins
(10 pLg) were separated by 5-15% SDS-polyacrylamide gel electrophoresis, and then transferred to a
nitrocellulose membrane. The membrane was blocked in phosphate-buffered saline (PBS, PH 7.4) containing
3% serum (Funacoshi, Tokyo, Japan) of the same species as secondary antibodies, a_\nd then probed with rabbit
anti-mouse FSHP polyclonal immunoglobulin (Ig) (1:3000, Biogenesis, Kingston, NH, USA) or goat anti-rat
LHPB polyclonal IgG (1:1000, Santa Cruz Biotechnology, California, USA). Primary antibodies were visualized
by the addition of horseradish peroxidase (HRP) goat anti-rabbit IgG (1:1000) or rabbit anti-goat IgG
(1:500, Bio—Rad, Hercules, CA, USA) and developed by 3,3 diaminobenzidine tetrahydrochloride (DAB, Wako,
Tokyo, Japan).
Transplantation of EBs under kidney capsule

20 EBs were harvested from hanging drop cultures after 5 days and then transplanted under the kidney
capsule of 5—week-old male BALB/c nude mice (Charles River Japan, Yokohama, Japan). The recipients were
examined for donor EB survival and differentiation in vivo using immunofluorescence at 4 weeks
post—transplantation. All animal experiments were conducted in accordance with Guide for the Care and
Use of Laboratory Animals (National Institutes of Health, 1996).
Immunocytochemistry
Single immunof/uorescent label of gonadotropes

EBs and control mouse pituitary were routinely fixed in 4% paraformaldehyde and embedded in paraffin.

After deparaffinization and rehydration, 5—pum thick sections were microwaved in 10 mM sodium citrate buffer
(pH 6.0) for antigen retrieval, blocked with 3% host serum of secondary antibodies in PBS (pH 7.4) to
reduce non-specific binding, then incubated with rabbit anti-mouse FSHB polyclonal Ig (1:2000) or goat
anti-rat LHB polyclonal IgG (1:100). Primary antibodies were detected using Alexa fluor 488 conjugated
with goat anti-rabbit IgG or donkey anti-goat IgG (1:200, Molecular Probes, Eugene OR, USA).

Double /abel of gonadotropes

In the colocalization experiment of FSHP and LHB, first, paraffin—embedded sections were reacted with
goat anti-rat LHB polyclonal IgG (1:100) and detected using donkey anti-goat IgG conjugated with Alexa
fluor 488 (1:200). Then, they were subjected to rabbit anti-mouse FSHB polyclonal Ig (1: 2000) and
visualized by goat anti-rabbit IgG conjugated with Alexa fluor 568 (1:200, Molecular Probes, Eugene OR,
USA). Specimens were examined using a confocal laser scamning microscope.

Results: '

EB differentiation was recorded by phase—contrast microscope (Figl). EBs in A, B, C and D were harvested
at Day 6, 9, 12, and 56 respectively. With the prolongation of EB culture, there was an obvious increase
in EB size due to cell multiplication, although the degree of multiplication among EBs varied. The period
of EBs’ expansion continued for 12-14 days after they were collected from hanging drops and the volume

of EBs remained unchanged thereafter. The out layer of EB was the visceral endoderm indicated as arrows.
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RT-PCR analyses
B-Actin was employed as the endogenous control and detected in all the samples. Fetal pituitary was

used as the positive control for Hesxl, Lhx3 and Propl, while adult pituitary provided positive control

for GATA2, FSHP, LHP and Pitl. Undifferentiated ES cells expressed only Hesxl, but EBs from Day 6 onward

expressed all of these gene transcripts except Pitl. No bands were exhibited in STO cells [Fig. 2].

Western blot analyses

Both FSHP (mass 14919) and LHP (mass 15028) proteins were detected in western blots of all EB samples
and adult pituitary, but not in liver (Fig 3).

Immunocytochemical analyses

Few ceils were found to be positive for both FSHP and LHP on Days 6, 9, 15, and 21. Only a_small number
of FSHP (Fig. 4A) or LHP (Fig. 4B) positive cells were detected at this stage. Cells labeled for FSHf
only (Fig.4C) or LHP only (Fig. 4D) significantly increased in Day 35 and 56 EBs. Cells double-stained
for FSHB and LHP similarly increased during the same period (Fig. 4E aﬁd F). These positive cells were
clustered together within the EBs or were sparsely scattered in the outermost cells surrounding them.
In control pituitary, positive staining was only observed in those specific cells of the anterior lobe,
but not in the posterior (neural) lobe at all (Fig. 4G). Control EBs failed to show specific labeling
when primary antibodies were omitted (Fig. 4H). Teratoma formed and exhibited clusters of cells positive
for FSHB and LHB (Fig. 5) at 4 weeks post—transplantation.

Conclusion: '

These results indicate that mouse ES cells can give rise to mature gonadotrope—like cells in EBs. It
also shows that EBs may serve as a novel model system to study the development and function of gonadotropes.
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Abstract

The glutathione transferases (GST) zeta class is recently identified and found in a range of species from plants to humans.
GSTZ1 catalyze the metabolism of a series of alpha-haloacids including dichloroacetate (DCA) and fluroacetate. GSTZ1 also
plays an important role in the catabolism pathway of phenlalanine and tyrosine. The human GSTZ1 locus has some
polymorphic sites, which were located at nucleotides 23, 94, 124 and 245. Some allelic variants showed significant functional
variation with a number of substrate. In our previous studies, the associations between GSTM1, GSTT1 and GSTP1 genetic
polymorphisms and lung adenocarcinoma (lung AC) in a Chinese population have been evaluated. In order to assess the effects
of GSTZ1 genetic polymorphisms on the development of lung AC, we conducted this case-control study. The frequencies of
GSTZ1 Lys32Glu AA, AG and GG genotype were 17.0, 51.8 and 31.2% among cases and 26.1, 40.3 and 33.6% among
controls. GSTZ1 Lys32Glu G allele was found to be associated with an elevated lung AC risk (OR=1.64, 95% CI 0.86-3.19).
Moreover, GSTZ1 Lys32Glu G allele showed significantly increased lung AC risk when in combination with either GSTM1
null genotype or mutant GSTP1 Val allele (OR=2.91, 95% CI 1.06-8.91; OR=3.95, 95% CI 1.46-11.47, respectively). GSTZ1
Lys32Glu G allele demonstrated a 5.9-fold increased lung AC risk among heavy smokers compared with non-smokers with
GSTZ1 Lys32Glu AA genotype.
Key Words

GSTZ1, Genetic Polymorphisms, Dichloroacetate (DCA), Lung Adenocarcinoma (lung AC)

Introduction .

It has been well established that glutathione transferases (GSTs), as a large multigene family encoding phase II
drug-metabolizing enzymes, catalyze the conjugation of glutathione with a wide variety of hydrophilic and electrophilic
substrates.” The GSTs are categorized into Alpha, Mu, Pi, Theta and Zeta classes.” The Zeta class is recently identified, and
found in a range of species, including plants, animals and microorganisms.” Compared with other GSTs, members of the Zeta
class have a distinct range of substrates and functions, which catalyse the metabolism of a series of alpha-haloacids, including
dichloroacetate (DCA) and fluoroacetate. ® DCA is a common contaminant of chlorinated drinking water,” and is
hepatocarcinogenic in rodents.®*” It has been observed that maleylacetoacetate isomerase (MAAI), which converts
maleylacetoacetate (MAA) to fumarylacetoacetate (FAA), the penultimate step in the phenylalanine and tyrosine catabolism
pathway, has an identical sequence to that of GSTZ1, therefore GSTZ1 also plays a significant role in the pathway of the
catabolism of phenylalanine and tyrosine.'” Several polymorphic alleles of the human GSTZ1 locus have been reported, and
some allelic variants showed significant functional variation with a number of substrates.' Polymorphic sites of GSTZ1 were

located at nucleotides 23, 94, 124 and 245.*) The T-fo-C transition at nucleotide 23 results in a Leu8Pro substitution. A or G
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was variably found at nucleotide 94, and A or G was also variably noted at nucleotide 124, these nucleotide changes lead to
Lys32Glu and Arg42Gly substitution, respectively. The C-o-T transition at nucleotide 245 causes Thr82Met substitution.
These amino acid alterations are known to affect the activities of the GSTZ1 enzyme for different substrates, and affecting the
efficiency of removal for these substances.

In our previous studies in a Chinese population, the associations between GSTMI1, GSTT1 and GSTP1 genetic
polymorphisms and lung adenocarcinoma (lung AC) have been evaluated.™ 9 But no relationship between lung AC and the
GSTT1 genotypes was observed, either separately or in combination with the GSTM1 or GSTP1 genotypes. Although separate
GSTM1 and GSTP1 polymorphisms were not statistically related to lung AC risk, the coexistence of GSTM1 null genotype
and GSTP1 Val allele was significantly associated with an elevated lung AC risk (OR=2.4, 95% CI 1.1-5.1). To date, the role
of GSTZ1 in the development of lung AC has not been investigated in our study, and studies about GSTZ1 genetic
polymorphisms with susceptibility to lung cancer are limited. In order to assess the effects of GSTZ1 polymorphisms on lung
AC, we conducted this case-control study.

Subjects and methods

This case-control study included 112 cases with lung ACs and 119 cancer-free healthy controls. Detailed descriptions of the

subjects have been presented previously.'®

The GSTZ1 Lys32Glu and Argd2Gly polymorphisms were detected by PCR-RFLP using primers
5 TTCCTTACTGGTCCTCACATCTC3 and 5 -TCACCGGATCATGGCCA GCA-3 , the PCR product was digested with
BsmAlI for Lys32Glu and FokI for Arg42Gly, respectively.” But the Argd2Gly genotypes failed to be detected, because bands
could not be identified after digested by FokI.

The difference in distribution of genotypes between cases and controls was examined with they® test. For measuring
association between GSTZ1 genotypes and lung AC, ORs and 95% CIs were estimated from unconditional logistic regression
using the software package SAS (version 8.2) and adjusted for age, sex and smoked pack-years. The combined effects of
GSTZ1 genotypes with GSTM1, GSTT1 and GSTP1 polymorphisms were estimated, and gene-environment interactions in
terms of cigarette smoking were also evaluated.

-Results

The distribution of GSTZ1 Lys32Glu genotypes is presented in Table 1. The frequency of GSTZ1 Lys32Glu AA genotype

was elevated among controls (26.1%) than among cases (17.0%), while heterozygote AG was less in controls as compared to
the cases (40.3 and 51.8%, respectively), the frequency of GSTZ1 Lys32Glu GG genotype among cases (31.2%) was similar to
controls (33.6%). No significant difference in the distribution of GSTZ1 Lys32Glu genotypes was found between cases and
controls (P=0.14). The frequencies of three GSTZ1 Lys32Glu genotypes among controls were not different from those
expected from the Hardy-Weinberg equilibrium.
The ORs for lung AC by GSTZ1 polymorphism separately and in combination with GSTM1, GSTT1 and GSTP1
polymorphisms are summarized in Table 2. Either GSTZ1 Lys32Glu AG or GG genotype was associated with an elevated risk
of Lung AC (OR=1.84, 1.40; respectively), but not statistically significant. With respect to combined genotypes, although
respective polymorphism of GSTM1, GSTP1 or GSTZ1 was not statistically associated with lung AC, when the allele G of
GSTZ1 Lys32Glu was combined with GSTM1 null genotype, GSTT1 null genotype and GSTP1 Val allele, significantly
increased risks were found for combined GSTZ1 Lys32Glu G allele and GSTM1 null genotype (OR=2.91, 95%CI 1.06-8.91)
or mutant GSTP1 Val allele (OR=3.95, 95%CI 1.46-11.47).

Interactions of gene and cigarette smoking are presented in Table 3. The combination of smokers and GSTZ1 Lys32Glu G

allele was not found significantly increased lung AC risk (OR=1.88, 95% CI 0.80-4.59) as compared to combined non-smokers
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and GSTZ1 Lys32Glu AA genotype. However, when smoked pack-years were stratified, ORs of light smokers
(0<pack-years<20), moderate smokers (20<=pack-years<40) and heavy smokers (pack-years>=40) were respectively 0.70
(95% CI 0.29-1.65), 1.04 (95% CI 0.50-2.15) and 4.04 (95% CI 1.42-13.41) as compared to non-smokers. Moreover, among
heavy smokers, GSTZ1 Lys32Glu G allele was found to be associated with a 5.9-fold increased lung AC risk (OR=5.93, 95%

CI 1.65-25.41).
Discussion

GSTs are widely distributed and expressed in many mammalian tissues, the expression of GSTs is regulated in a
tissue-specific manner resulting in quantitatively different protein products in different tissues."”** The highest amount of total
GSTs protein has been found to express in liver, followed by brain, pancreas, adrenals, heart and lung,??" where are the major
sites for drug and chemical metabolism. GSTZ1 is expressed in multiple tissues in human.” GSTZ1 is mainly expressed in
liver, testis and prostate, and moderately expressed in brain, heart, pancreatic islets, adrenal medulla, and the epithelial lining

of the gastrointestinal tract, airway, and bladder in rats.?

As described above, GSTZ1 catalyse the metabolism of a series of alpha-haloacids, including DCA and fluoroacetate.> ®
GSTZ1 also plays an important role in the pathway of the catabolism of phenylalanine and tyrosine.u) Humans are exposed to
DCA by environmental and medical ways. DCA is a by-product of chlorination of drinking water, may be consumed every
day.??) DCA is also a metabolite of trichloroethylene and chloral hydrate, the former is found in industrial solvents and
degreasing agents, and the latter is a sedative.?> 2 DCA is also used clinically for the treatment of congenital lactic acidosis.z”
%8 Although the mechanism by which DCA exerts its toxicity has been unclear, studies have shown that DCA perhaps induce
GSTZ1 inactivate,” *” and the DCA-induced inactivation of GSTZ1 perturbs tyrosine metabolism in rats,®” and these
perturbations may result in the multiorgan toxicity of DCA, in accordance with the multiple tissues expression of GSTZ1. In
the present study, the varied GSTZ1 Lys32Glu G allele showed elevated lung AC risk (OR=1.64, 95% CI 0.86-3.19). Moreaver,
coexistence of GSTZ1 Lys32Glu G allele with either GSTM1 null genotype or mutant GSTP1 Val allele was found
significantly increased lung AC risk (OR=2.91, 95% CI 1.06-8.91; OR=3.95, 95% CI 1.46-11.47, respectively), which also
explained the coordinated effects of GSTs detoxifying enzymes.

Tobacco exposure is clearly associated with the development of lung cancer, and individual susceptibility has been
investigated in terms of the ability to activate and detoxify carcinogens. Many studies have analyzed the influence of tobacco
smoking on lung cancer risk with association with GSTs polymorphisms, but results are contradictory. Some studies have
reported a stronger association between lung cancer risk and GSTM1 null genotype or GSTP1 Val allele among heavy
smokers,”>** and several studies showed similar associations for low or moderate doses of smoking.*** In our previous study,
GSTMI1 null genotype was found to be associated with a 5.9-fold increased lung AC risk among light smokers,'” and GSTP1
Val allele was found no significantly elevated risk among smokers.!® In this study, heavy smokers were associated with an
increased lung AC risk (OR=4.04, 95% CI 1.4213.41) as compared with non-smokers. Furthermore, GSTZ1 Lys32Glu G
allele showed significantly increased lung AC risk among heavy smokers (OR=5.93, 95% CI 1.65-25.41), even though
interactions between GSTil Lys32Glu G allele and smokers were not obvious.

In conclusion, although the distribution of GSTZ1 Lys32Glu genotypes among lung AC cases was not significantly different
from controls, GSTZ1 Lys32Glu G allele was found to be associated w:ith an elevated lung AC risk. Moreover, GSTZ1
Lys32Glu G allele showed significantly increased lung AC risk when in combination with either GSTM1 null genotype or
mutant GSTP1 Val allele. Among heavy smokers, GSTZ1 Lys32Glu G allele was found to be associated with a 5.9-fold

increased lung AC risk.
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Table 1. Distribution of GSTZ1 genotypes in cases and controls

Genotype Cases (%) Controls (%) P value”
GSTZ1 Lys32Glu
AA 19 (17.0) 31(26.1)
AG 58 (51.8) 48 (40.3)
GG 35(31.2) 40 (33.6) 0.14
' p value by * text

Table 2. ORs for lung AC by GSTZ1polymorphism, separately and in combination
with GSTM1, GSTT1 and GSTP1 polymorphisms

Genotypes Cases/Controls ”  ORs (95% CI) ¥
GSTZ1 genotypes
AA 19/31 1.00 (ref)
AG 58/48 1.84 (0.92-3.74)
GG : 35/40 1.40 (0.67-2.97)
~ AG+GG 93/88 1.64 (0.86-3.19)
Combined genotypes
GSTZ1 GSTM1
AA present 6/14 1.00 (ref)
AGor GG present 37/45 1.79 (0.64-5.56)
AA null 13/17 1.78 (0.54-6.36)
AG or GG null 56/43 2.91 (1.06-8.91)
GSTZ1 GSTT1
AA present 7/16 1.00 (ref)
AG or GG present 52/49 2.23 (0.86-6.35)
AA null 12/15 1.76 (0.54-5.97)
AG or GG null 41/39 2.28 (0.86-6.61)
GSTZ1 GSTP1
AA Le/Tle 8/19 1.00 (ref)
AG or GG Ile/Ile 59/65 2.22 (0.91-5.91)
AA Ile/Val or Val/Val 11/12 2.69 (0.82-9.20)
AG or GG Ile/Val or Val/Val 34/23 3.95 (1.46-11.47)
“/ Numbers of Cases/Controls.

2 Adjusted for age, sex and smoked pack-years.

Table 3. Assessments of interaction of GSTZ1 genotypes and smoking status

Smoking status GSTZ1 Lys32Glu__Cases/Controls ” OR (95%CD)
Non-smokers AA 12/19 1.00 (ref)
Non-smokers AG or GG 52/52 1.55 (0.69-3.62)
Smokers AA 712 0.95 (0.28-3.13)
Smokers AGor GG 41/36 1.88 (0.80-4.59)
Pack—years‘”
>0, <20 AA 1/5 0.31 (0.02-2.24)
>0, <20 AG or GG 9/12 1.28 (0.40-4.05)
>=20, <40 AA 4/6 1.10 (0.24-4.78)
>=20, <40 AG or GG 18/20 1.53 (0.57-4.19)
>=40 AA 21 4.12 (0.33-104.45)
>=40 AG or GG 14/4 5.93 (1.65-25.41)

“ Numbers of Cases/Controls.
2) Adjusted for age and sex.
¥ Also referenced to non-smokers with GSTZ1 Lys32Glu AA genotype.
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FAVNT 1q12-23 & 8ql3-qter $RIRIC = ' — DM A H Uiz, 9p21 & 13q10-q31 DR%E% &
HU7%, RT-PCR %AV T DFSP ICA b 5B ERETF (COL1AL-PDGFB) DIFEZRN L7
BRI TREETH o7, - T, WMFH-1 IR DFEMEFEAILDFSP L IXB R ->TWH LExX bh D,

F—D—F : kA, BERMEMEAEKIE, Biatk, BEMRERRERNE. MeRRTF.
COL1A1-PDGFB

# =

B HEMEAR R BRAE malignant fibrous histiocytoma (MFH)IZAEAESEAERE ThH AN, MEAE
DR TRETH D P ORPIEBE E7-TFERRDERTH 5, BEEFE ST TV 248K
FITX o T, B LAZTEL, MikE, EMIRE, REFICHEENS, §FTEL O MFH A
BEDSESL SN TE R, £ DL 3T LAZHRTH ¥ | EHRE! MFH ARtk E b THRL,
PORGFEEOHMRRTLE DD THRNTH S 'S, Fxid  F5HEE MFH ABIRBROBLIZ
BRI L, ZOMROBEFREITOVTRELE,

pof Kb

1 : SEH
8 IR BHEDOENBEIZFEA U KSR MFH 5 b FIFBHCHRRZ IR L, BHRRICBLE,
10%4-RE1F M B HA0 L 7= RPMI1640 BE38iE 2 V3 Uiz, 2T O8E3%1E 37 B, 5%C02 A
UFaR—ZPTTN, B ZRERRLE,

2 : RNA fhiH & RT-PCR
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NMFHL #1888k 72> 5 TRIzol (Gibco BRL, Rockville, MD) 33E% VT total RNA ZihH L7z,
fHH U7 RNA D 0ligo(dT) 15 5 A v — (Promega, Madison, WI) % B\ CiHizERERIZ
£V cDNA ZEBL L7z, BEROB A BT (COLIAL-PDGFB) D77 A = —TPCR 17274

: Spectral Karyotyping (SKY)#ZEU4y4fr

SKY X Applied Spectral Imaging (ASI)#®D SKY ¥ v r2BWTHF L, Tu—7h7
TV 31 ET 2 HE SEPOMBRICNA T ) F A4 XL, SKY DT 4 NV F— %58 L THE,
Spectracube (ASI #t) THEAT L7-, BT DAPI eEDE B/ LIV AR, Bdh b0 K8
F— LY TR b RIE LT,

: Comparative Genomic Hybridization (CGH)EE4r#7

NMFHL #ERad5 45 A DNA %3 LT, COH EIZBEMO KL TITo /e 5 FES DNA iX
fluorescein-12-dUTP (Roche Diagnostics, Mannheim, Germany) C=wv 7 FF LR lb—Tz
AAEEFHAVWTHER L, EEY 77 L X DM i Spectrum Red direct-labeled male total
human DNA (Vysis, Downers Grove, IL, USA) C9, 4= L 7/-fEHE DNA & IEH DNA iX[F & (800
ng) 3°0 Cot-1 DNA (20 ug) (GIBCO-BRL, Gaithersburg, MD, USA) &zt / —/V LB L,
NATYVFA B =2 2Ny 77— BB LTee N TV FALE— a2 BB L, Rk
ZFBIET BT 4 ,6' -diamino-2-phenylindole (DAPI; Sigma, St. Louis, MO, USA)
ERWCHILREE Lz, NS T Y FA -2y F L DAPI Refaiy — U idi
BREE MCD (monochrome charge—coupled device) H AT #EF L LBHMEETI Y AR,
automated CGH analysis software (MetaSystems, Altlusheim, Germany) % FV>THET%
To7,

! X— N U A~DOBHE

RPMI1640 BRI EEME LTV 5 5x10° D NMFHL A8 % 7 BEROMEME X — K= 7 X(CB-17/Icr
scid; Jcl Clea, nInc., Osaka, Japan) D ERIZ R T L7z,

i

: NMFH 1 #RBask D13z

PR b ZIRMICEEMIIXE BT O LT, /IMNGEER OBzl L SZEMID =
STEFDMRIZX > THER SN,

: RT-PCR

NMFH1 #fifa#k T COL1A1-PDGFB @S BEF 2 RS hizd o7,

: SKY ¥&IT & B AElT

10 {E1% 5y # NWFH1 4B % AV VT SKY T 21T o 7o, Refafkdii 84-94 Th v, ik
WERERRbN, REFEFIILUTOLBY ThD,

84-94 <4n>, XXY,-X[9], -Y[10], +1[6],add(1)(p11)[4],add(1)(q11)[2],add(1)(q11)[5],
del(1)(q11)[31,-2[9],add(2)(q37)[10],add(2)(q37)[4],del(2)(q37)[2],-3[9],-3[4],add(3)(p1
1)[10],add(3)(p11)[9],add(3)(p11)[6],-4[10],-4[9],add(4)(q31)[7],-5[101,-5[10],del(5)(q1
1)[8],der(5)t(3;56)(p11;p15)[9],-6[101,-6[10],add(6)(p11)[6],del(6)(p12)[4],-7[10],der(7
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)add(7)(p22)add(7)(q36)[10],-8[7],add(8)(p11)[10],add(8)(p11)[8],add(8)(q24)[10],add(
8)(q24)[2],-9[9],del(9)(p11)x2[10],del(9)[8],-10[10],-11{10],-11{10],-11[3],-12[51,-13[9
1,add(13)(p11)[2],add(13)(p11)[4],add(13)(q34)[2],-14[10],-14[10],-14[9],+15[2],-15[4]
,i(15)(q10)[5],-16[10],-16[7],add(16)(q13)[8],del(16)(p1 1)[8],-17[8],add(17)(p11)[8],

add(17)(p11)[2],del(17)(p11)[10],del(17)(p11)[9],del(17)(p11)[2],-18[10],-18[10],add(1
8)(q23)[8],add(18)(q23)[2],add(18)(q2?3)[7],-19[7],add(19)(p13)[9],add(19)(p13){2],ad
d(19)(q13)[8],add(19)(q13)[5],add(19)(q13)[4],-20[6],add(20)(q13)[9],add(20)(q13)[4],
add(20)(q13)[2],-21[7],add(21)(q22)[10],+22[10],+22[2],+der(?)t(?;3)(?;p11)t(?;3)(?;p1
D[6],+mar1[10],+mar2[10],+mar3[9],+mar4[10],+mar5[10],+mar6[10],+mar7[10],+10-

14mar,

SKY 5347 C mar7 iXUREREHE der (22)t(17;22) TH B LHHA L, ZOEEDEELE
{3 DFSP ORAFRITELI L TV,

4 : CGHIRIT & B fig#fT
NMFH1 #EfED = e —HOEERE Lic, AERBREZHBH UKL the pl2-p22,
1q12-23, 5p, 7, 8ql3-qter, 9ql12-32, 11ql13, 15, 17q23-qter, 18, 19pl13.1, 20 Th-o
oo, BERKIKEZRRE L-fEEIX 2936—qter, 4q22-qter, 6q12-q16, 9p21-pter, 10pl3-pter,
11923, and 13ql2 Th-oTz. LML, BLV_IVDY ) LHEEOE(LERH Uo7,

5 : X— F= U ADOFENTEEHLR
NMFH1 ABEIZ X — N= U X DN CHIEEE 2 TER Ui, BE% O =R A 7T B2/ MEE
RO, NBRIBEOERIL 2cm 2207, B LLEBIE, EEFEAICITHRY
IRAEIREL MFH DA E R LTz,

x ®

FEHRYE MPH ISR MEPIIE L L TRAB BB~ 0B Eh. B bRERIEV, HREN
Wik, B U7 ARREAR TG HRIE MFH O & R LT,

MFH & CTHEIX 1g21-q22 & 8q RO 2 U —HDWMEZRD LN B Z L BB &, SHEO
BFFEC AV /= NMFHI ABREERIZIX 1q12-23 & 8ql3-qter $HIRIC o B —EofmME B L, 9p2l
& 13q10-q31 DREIIMFH OFERS ) AR THBEZ L Rbhroiz,

CCH HTDRERIL. NMFH-1 FEEARAZIZ i MPH OBBEIM 2 5 TSR b oD ERALMIC LK,
Z DHRERIE. AR OREHRIE MFH IZ O W TEEREO R F A I = X LIBT3 R0 1= DICHE
btk L 72 B,

COL1A1-PDGFB BEFEAS IS IEEME R MR NIE DFSP) TLIXLIEA B 3, ZDF A T#iE
Fid 17922 TD COL1AL & 22q13 TOD PDGFB BB L I bDOTH Y, BEORECEE 2 REE
Ry LELLRTVWS YT, BEETETOERNRE T, DFSP 28K L LT MFH 23%4£ T 541
BEHA TS &%, DFSP & MFH DT EAFE CREMBE LFT 2 L DEFERR D =obiT TH
%o SKY /34T, NMFH-1 EEMRRICIL t(17:22) B oD EH LM LI, L L, RT-PR %
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JAVNT COL1A1-PDGFB BIEFRIS ORI LTI, BEMIBICIL. ZoBkEDHESBREFLRH
ehyote, TOREIX, WFH-1 IS DMEEZAILDFSP LiZB o T3 EEXBNS,
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ALLA A L

— B FIEFiaBink

BEBFHRTDA 53 —04 -6 DL & HIHSETEDBSEIZ DT

mMEERAE & §l

TEFRSE  ETREREREERACEER AR
AABIHEE GRERKRFERAR
HEREE 3 BEFE X ,
HARGEER  BF EX BERE BB OBE

25
(B8] © FERBEEEICIOTIMRBRRTCOA ¥ —aA( X6 (IL-6) ioctuwo VeSS —REE TS

Z XY | SEUEHEREIC T B IL-6 DRE RHIEENET L ORREICOWTIRET 2 Z L 2 FEDBEM L LT,
(HiE] EXBRENL2ETIRABEFETTFERED Y b, BHUHEADL L RAEZE LNtk 37 42 bIRE
FEEO—ER L MIEEIR L T TORN 2 EIEECTol-, 1. MmiFT IL-6 MEEDETh% ELISA Hiz & V flE -
Bl (=37), 2. SUAAETO IL-6 BAB I URNA ORISR RT L% . TagMan RI-PCR#E (=37) IV
Western blot ¥ (=21) 2L VL=, 3. Eﬂ%ﬂﬁqﬂo IL-6. gpl30 38X TN IL-6R o D/FEZ IR EEIZ
L oSLE (=8),
(BR]  miEP IL-6 WEY, SRBAMPICEEREBIZ 0D >7=, 1L-6 nRNA OFENRIRELRIL, SPiTHsma
#AEE (1.5472£0.937, n=18) ISLUFEHARTPHAREMAARE (2. 12540.921, n=11) iZkb~, BRI HIARAHRE:
(4. 46-+2-9.015, n=8) IKBWTEEIZEM N~ (120.95), X512 TI-6 BEOENE L. IMna#0SRERE
(0. 1b1:0. 049, n=8) LRI HADBRAKERE (0. 7640, 104, n-0) it L T, Hwi& ORI EE
(0.935+0.070, n=7) CHEICHE TH-o7 (0<0.05), FEARRILEIZIT, IL-613EIERAHIE L SRR
HRE TN, FEMIED—CHILEREM T, gpl30 XA, IRAMSEITE L UYRBEME DM EPIK
MRS CRBIN TV, IL-6Ro I3FEHIR, RAMRERR X USRI B Th T,
e BARERROE MEBEIZBOT, IL-6 i bR THIRECEA S TN B Z b, ﬁm&ﬁ%tbﬁ<
BEE LTCW5 b LRS-,
Key Words
HA b4 (eytokine) , f > Z—uAF1—6 (interleukin-6; IL-6) , FH{FIBIT (luteolysis) , BERFHA
(menstrual cycle) , fE (ovary)

#E

IREMSREDRIENTIY, TR TR TRE-IICRIC L 2N REIEL N, SRR 54— 7 54
Y/ RTY54 Ui PORERENNOND X 51T oTETWS, ¥4 bA Vid, ZOJURRTRRE g DOF T
LROLEEREFO—EEXLNTWA(13), YA b4V T77IV—D—BTHBA F—uAf X6 (IL-6)
i, SRR MRS, B PIRTIR e LRk AR CEEAE &S (4) & & biIT, SRR RIET S, W
D3 “GHHET A M A" DRRELTRBNRTVWA(G-T), TF, 16 IIARISRERICT LTHWERT5Z
EBE SN TS, SBUTEWTH, IL-6 AR R CEEA ST D Z & (8-10) %, BRI — R
b e S RWRER I 5 Z & (11-13)., BHESRT » OSBRI CT R b— AR RETH () RE, B
b (2 SRRFRRIEHRARIC I\ VT IL-6 & SRESRERREN & DEBSAVNR N TV D, & hiZ, 116 AMERREBTH-MIC
VIEIRVET Y —ThD gpl30 BLU IL-6R 11, 7 v MNFRIELIER (12) SHREEHIRI (15) TL bIZFHI
BRENTVD, ZHOWEHD, IL-6 IR CTEERRERIE-> TV bOLHEAIEISA, kb
BAAEHAIREICRT B 16 OEERREFFFHCELIRIA LTIV,
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AR T, b M ESKIBREIRRCET B IL-6 DSRRMBTERCZOBELFFMCRET oL L biZ, IL6 DLt
Z—TH5 gpl30 BIIL-6R DEAEMIZEADINITAHZ & T, IREMEHEREIZIIT 5 1L-6 OXEAEARFAE
SUREIZAERT A Z L 2B/E L,

R EHEK

ENE: AR (28-35 BEY) 2 FIHBARFNEITTERED 5 b, FHLMHADS LREZEOI-&E 37
40> 5 IREAEREDO—I & MIFEEI L TELTORMNEZITV N, IL-6 DISLENNC L 5 LR AT LT
1. FTHPEEIEBEOER AREH & RICAERIAA»LHEINS AR EHEIC, ELFA ICRIE L7- B MmiF
Px2 hZ 4= §), TafxTar ). SHEREFEALEY FSH., BEESRAVES (H) BEZAVLT,
SRRE) (n=18). FHERRTTHY (n=11), HEHIEH 0=8) D3 IN—ATRKH LT, Il BiEHADBE RSN
1 T, MiEP{EH 2.0 ng/ml FFEEINT, ZNLALERAHIATEAICHIEL, BT L EHOXSIX, MIFEA
2380 pg/ml LA F OB AN RIS~ LT, & HIZmiFET IL-6 JEEDEBH % ELISA BT & U BIE -H8T L7z (n=37),
2. PRBSAARED IL-6 nRNA OFRIRYIRHRTS L UYEERRELE. TaganRT-PR 5 (n=37) X UtWesternblot
¥ =21) ICXoBRLL,

3. SRBAEMEH D IL-6, gpl30 BL U IL-6R o DEEZRANEBELGIRC L VT LE (=8 ; SRITDNE 4 1, &k
HARTREADREL 2 ), ER{AHAUIAINEL 2 61,

B, 2TOTF—F P IBHERE THRE LIS AL, T A M) v 7 RERERA LT, SRR
121, Kruskal-Wallis test CRERIZEDHFELRE LI, Post-hoc test (Scheffe's F) THEEREXIT-o/, 2
BEROOFBEBIZ SV TIY, BRHOESFMEORELRRTE L%, Spearman’ s rank correlation coefficient CHABBHREL
BIXUEEZEOFELREL. p0.05 THFEZEDY LHIEL-,

SEEARIR

PPREHS (=18, 39 452,82 | FHIHAAHES (=11, 40.2+9.55%) BLUSHAEMLE (=8, 36.1%8.15) D%
IRBEEMZISIT Z, g (L6 BE N I-EN-E . SRREAR5. 2211 1. 746 pg/ml, SRIEBHARITAHEAS. 105+ 1. 735 pg/ml,
FHIHBEHA 6. 0560, 945 pg/ml TH Y, 2IFRUEHIRICR v THERRESLIRD bhieh ol

SPRHA, FRASERTRHIR L U0 A IREUARIC IS 2 IREAER: RIS 7 i3aH4aR0 o IL-6 nRNA FB%Y
HIRIRB O ENEN., SREHA 1. 54710, 937, EAHARTRHI 2. 12540, 921, FAHAEHI4. 46422, 045 ThoTs,
FEAHHEHATO IL-6nRNA DFEIRUT, MOIREECORBRUTL~THEICEP o (0<0.05), —7F5., ML #HiE
HARTEA & ORIZIL IL-6 nRNA DREFUHFBABSEIBTRO b d o1z, #, FEHICET 3 19 fIeflizonT, &
B> HEEA XA Mg B, JEE & RSB D 116 nRNA 3R L DHBIR TR~ R, MEORMziZA ADFEEE
BB (=-0.7145, p<0. 005),

SR ERERES X U Western blot 52 & ZABTORER, ML LI-IRERRHRIG2HIT IL-6 IZHFEAY72 20 kDa D3
v AR &N, TSy FidBMsgRR L LT#A L7 recombinant human IL-6 TR &= bD & —FH LTV,
F7o, BEEAE BB TR, ZORRAYSC MR S eh o7, SR (=8) . BEAHARTPHI (n=6) B
FUSKESAEH (n=7) OEIBURMICISIT 2B OMaE/-IBREEED) PR IL-6 EREOTHITEN
Fh, SR 0. 75120, 049, FASRIRHA 0. 76220, 104, FHREAHMEH 0.935+0.070 ThHY, HAHHLHTO 116
FAORERIT, MOSMABRI TORBUTLLTEEICE o1z (<0.05), —7. I & HAMRRIHEI L ORIz
IL-6 BERORFUAELBERD bhviahofe, ¥, wHéE Liz2fio [L-6 EHEE oA OMENFEERR 2 B
LTsfER, BEREDCHEENED b TV (=215 r=0.4909, p<0. 05),

SRR IR L AREIORBR, IL-6 1T L ICIUBRa L BB RTEL, SRR T — e
Bt Thol, XbIT IL-6 DIERBFE ST BDII LT —DRE T T Rot-L =5, gpl130 i35 MaERkIEL
18, RAHBER X USREME OEMn BRI BEL TV, —F, IL-6R  (JUMaEEiiima, st &
UEFISCREBEThol, T/iebbt MBI X USFdiRIZIY, 1L-6, gp130, IL-6RaDV T
HETHRERL T,

ER
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b FIPEUERERRER i B IL-6 DREIZ AT BT-)Il, TiIIRERETD IL-6 DEHEIZ DV Y TRET 2D
feo ZOFER. IL-6 IIMEHARCRRAHRTRHAL LB L T, BEHEHNIC nRNA READRRADIRHIER THA Z LM
HEAL, EBIZIL6 LFDOLETF—THD gpl30 BLUIL-6R o DEEIL, IISIBRIRHIIL S FHIE 3L T
WHZEMHABDEARDTL,

IL-6 R 7FIMREE B RN OMEEE RIBT H7-0ITIL, gpl130 BLU IL-6Ra EVVH ZFBEDOL 75 —0
FAESYAL 72D, 16 1T IL-6R e BNFIRIHES LS H2RT 2 Z L T, MIURL 75— T3 gpl30 %1E
ML T2 EMNTFREE 12D, TEMLENT- gp130 1L, STAT3 (signal transducer and activator of transcription 3)
/APRF (acute—phase response factor) & MAPK (mitogen—activated protein kinase) RO DDREEE LT
TFMEEERR T2 Z LT, BDENRGEHEE 2R A2 RT3 LB 10T\ 35 (16-18), ZhE TP
BEREPN 16 LEe/F—ICBETA3EIE. T v M Lo yCIBRRHIAE (12) RiHREESHIR (15) T gpl30
B O I6Re DmsTa TV, Ll MNER T, BRASHII TR L& —DIFEHeR S v (1Y)
HOD, BHEHRAIOWTIL, EHMUBRTIET IL-6Ra DREIDHREEN TS (8) F Thol, #-T, &
A0 e METHIRRESHIZIC gpl30 R IL6R ATFHEL T3 Z & FFRIC L TR &Rz &k
B '

IL-6 LBMEHEAE L DRBE 2 R~/-BEEOMET, FlXiTe MEEENIIIAT IL-6 TINC L D B, BRI &
N3Z &9, 7y MENEHISHEEARATO IL-6 2L 37 ¥ —EiEEnRE(12), LH Ly —REDREEE
(20), 7R M= ADFEE(14) 72 ¥, F& U TR H Y VERRE AR =5 2 3WER. T b bIma
7> & AR DT CTOSBMSREIIC E R LIz bDAEE %2 HHTV3, LasL, AHREDRER 5 SREEA
PTHRHIERIC IL-6 BEIRL T DO EASREMOBRFIR T 20 TRETHY . 2L E7/2—0
gpl30 & IL6R  MELITFAELTWAZ L bRER SN, ZD T Lid, IL-6 AFREUSHEICR L ORI HHIROTERD>
BHLIEEIN 20 RS EEEH,. T b bERENEITIC 116 2385 L TV B RIHEER AR < SR D,

b SE RGBS (4 Hie—E L TR, O LS AREORAMEICR 35T, mARHAGTIESE
OEARL LTESEEINTE -, v MEREHOBERICHEOT, b UHENRSL U8 B bEEE X
N3 e MEEMETT F haey (06) OV 7FMI LY EBRITERE UIEREG L LTRSS L EX BTV,
—7. HERBERSL Lol B O AREN TR, FEBRDIuRF Y5574 F, (PGF, ) HEMASBTFO=
x—& L LTI, BEILEE L TAREDE D L ENTV 3 (21), HAEEMIRIZ PGF, O analog & NA 5
&, gpl30 DIV TFIGEERMETHS STAT3 DFEIHNFERCNMTHEIRT B Z & (22)=°, EEHINE (23) Bl PIARMESE TR
(24) T, PGF, 23 IL-6 EEAZIRET A Z LBHMESNTVAZ EMh, FHAHMEHAD IL-6 EHROKEMIX PR, DY
TMIXDEEENH D, 72T > MNERTL, ERIFEPFIC IL-6 nRNA ORBINE LHEFLTHH, HECE
D IHRRG OB THRET D & TORRIBPRT S (19), ZD T L i3, AEREHRISNET2BRET 2 RERMAHIZ IL-6
DFEBHIHRE L TV VFHROER L bEBL T3, '

IL6 12X VAN ABRIFBITOA = X A2 LS BB TIIAeL 3, SR U EEEAREDIET, LH LE7%
—HIDBET, TRV ADFEE L o7 IL-6 O—EOHREE, VWb 23R A1 n R L
Zibhd, Z0DHHEIZOWTIY, AEIBEARHWTS Z L bEMER Rt B5v—I—L LTHEET
BN, AHFROIROPTIREHEHBHNCET S 19 FILFIONT, MiFF E A & Bk 16 RNA
FHE L OMBIZIR~IHER, FEORICITZE RO b TV iz, UEIR~-ESEH LIRSS, &
RBTIZRIT 5 IL-6 {ERRF DR 2R 6 IR LT,

MiEF I1L-6 PREEIZOWTIL, SREUARANC L AEBHIERD bhvied 73, IL-6 D&V IR (9 1. 5 BH)
RIRERBETDABMEN THDH Z L 2EET 5 L RULRERE B,

AHRIZEIT S, b MNETHRETO 16 TR L L 77 —SR0IRAR. BRI THTIZIIT 5 1L-6 DES
HEEFES TET B LD THoTz, 5%, SNRAMIZ L3 L7 ¥ —RROE(Le, BSBTEFIZRIT 5 1L-6 DiEEE
A2 CEERT REEREIZV S, A DICHEIFBTOEMMA D =X LEMHAL TV Z N, HiFEEERICED
SR - FERERR E%EF:Dt L7Akx IRREDIRERBAICFHS T2 LD EEL TS,
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— B PEEHB BRI -
MySn REERDRICBI BINTF Y Y REICE S ERNBRREORMREBORIE

MEERK4 B B

TERBRKE  FEXETOEER
AAFHZEHEE  BARKRERF S/ NEEH
EHELEE BR ME KBS
HEGRESL  HKRE, FABE, BAFIE

g B

A/WySn BV RALBIT B AINT VS U BRECLIBEFAEROBENFRAKLMBEHETHH I L2 EF
LIZEEICHELTWS, AFEOBIE, aNFV U BREICLS ANySh Rt~V ABBROSUREICHE ST
ZBEFHEFETIHEHLEELRETEI L THS, BRENEREZRERT S A/WySn R L BRAERE R
L 72V C3H/He ZMM CREFMHRZE LIV EONTN, =V ARFIBIENGITENOEBRAEREATLHY
AMIFERE L. ANySn Rk L C3H/He %M TLE 2 FTHIEREALICREL 82 @D Vit v—H—%
AV, BEFROHBILLEDZA VY= Ve y BT To7, BRIV AREK 11 FED D1IMit298,
D11Mit145, D1IMitl0 38X Ut D1IMit104 &, 14 % LoD D14Mitl113, DI4Mit34 iICRBWTCHEIZ A R EEAHOR
WEBEFRENEbR, ZOZE LD aNFIUBREICE YD AVNyS BV ABEOERERIET 2BZHE
BEFRwU ARAEKIIEE UWECHEET I LBFBINT,

Key Words <7 X, BROEH, FHREE (¥—r\ Ny, arFyr

¥ E.

EMIBWTOER, nER CUTOBOZERH) HRLBEAEORVWEXEGHFE THY, TORERIT
ABILE>TEENADHDN, H1~2/1000 THD ™Y, ERHABICaINTF AT oA FOLEE-RBTOMER
REVHFEROOBOERNLZRETIERBA/EMT I LBBEINTVA 'Y, 2 LBREER L EHO#
FEEFLHEEERICLY, NEOBRZBET I LEMOLATNSA, RERGEFIIREZHEAIH TR
RO k7o, DBREBBEMBESL, NDBEREOAHBESDY, TRADLDLEROIERCHS, NEH, BHEOE
#, NEROFHREHFETIE, BEFEOBRBPWSHELELE WY, BROERNEOMEER, XM, LEHN
BRRIE AL, TRODOBEBF L RBREFRRZERATIZLIIBOTEETH S,

2UREE NOBVWBEMERELY, 2UVREFMCEBVWTEROETEEFEZEETENT, & ok
JOHRERBOEHBEFERHE S FEMENHZ N, #-oT, L FONEBOERORERELS JURER
FEMIT 510K, <022 AVETRSEE < TPhTs, |

EHS DLBEOHEICT, ERFRZD A/MySn Bk~ AL C3H/He B~V A2V, 2 RHEFOBIGEN
RRBMEITV, RV R aAVF VS 2 HREL, TORFEZBREBLIZL A, A/MySn eV ARE N, Sy 7
I RA7 Y RATBVWTEBRNERNBBD LN, C3H/He R VR LR, vV ALBWTEHANEHORBEIR
bohighot, -, BHEOSBHRLYATIRFICBNTHZEIRDON oz, TDO/ERLY, A/WySh %
Hev RAZBTZaNTF YU RECLIIBRANEROREIFRAKSHRGETH S Z LBRESIATVS,

AR TIIEH HIL, A/WySn L C3H/He RE~= 7 2D 2 ZEBOBEBEENATR LV ELN-BHEHAER
EHETD N, v AOERGENDERGFEICONWT, DA v—h—2AWA v —rV=y B 7 EITH, =
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WNF S BREIZLDANSh R~V RCBIT OB EAEROREICEHE T2 REFNFEET IHBMPEEICH
WTHRRZ{ToT-,

HEBLUHE
1. BEOEREETIN, vV RBIF

B BREMEFBLCZH I A — L RBAESL L 0 5 & iz A/WySn R & C3H/He ZEEE L, X
HEF, =D X%/, TLTF U X% A/MySn R~V AR LAKEL, #k11 BB D 14 AEE TN 4 A
B, iR~ D R Y UEEEEAEBERIEKICERE LT 25ng/nl OFEEaLF Y CRBREIR. 100mg/ke/day % BEEIC
BT#HE L, #FE 18 BBIER~Y R ZHERRIC L O RRFEIE, N, Ry 7 70 Ry 2 BEFL2FEHN
LML, £TFIBFD 1031 2B, T2 EEBEMBET CHRELELIA, STE PICERENEH L H#R
L, SEOERTHV,

2. DNAv—X—

A/WySn ¥~ A, C3M/He T~V AB L F, =7 AT DWW T, Mouse Genome Database
(http://www. jax.org/) DT —FEEHICL, vV ALFEREAFECRE SN EEHERENRATRAIC 35
Fe2NH (M) #2BLAEVWE HIZ, 136 @D Mit (Massachusetts Institute of Technology) <w—h—% 3%
RULE, TP HA/MySn & C3H/He D 2 %~V AFTEEEZFTH 828 WOMit~—I—%fREL, SEOD
ER TRV,

3. BENEREFTSN,~ U RBFD DNA ORI

Laird b '""OHFEICH-T, BEOBERLEHETHITEDON, 7 RIBFOREMEHM S DNA ZHIH L1-,
4. BENERLEHTIN >V ARTFORBEFEHOHBIZLZA v E—r Vv

TaKaRa 480 thermal cycler (TaKaRa tt) ZEAL, BROBREZAFT D 37 LD N, U XfR{FD DNA % 82
D Mit = —H—DORBRELBIRICOVTPCRIEZAWVTHEIE L7, PCREYHE 47 o — RS/ NI TERIKE)
%, zFCUsTueS FIZT 25 HEIBREL, UVSA FFTRE L%, AKE (A=A/WySn) $H BV L A/C3H
~7 1 (A=A/WySn, C3H=C3H/He) DBETFTEZHEL, A ¥ — 1\ Nwy VB T EfToT,

5, avie—ii (EERABREZATHURKE) BT 5REFEOAE

EROFECHEY, EXRNBOELZETS 0MELON,~ 7 ZE{F0 DNA 2HiHHL, BEOERZETHN,
U RABFICBVWT A REESHBETFRORRBENFEICHEVWEZAD Mit v—F—% A\, EELDER
ErHTHN Y ARFORBGTFEEHELE,

6. HEMITIZ L 2 BMYAE ORI

DNA v — A — L IREBEGFNEHLTHWRWVWERETI L, N, vV RAOBEFRIIT A FEESE  A/C3H ~
FoEAER1 : 1IR3, ZOBRELEZRCBLLEBY v — 1 —BEO N~ 7 RBFOREFRRERE
LDOEDOKREINIT 2 REEZAY, GIRBO.S¥EHFEAKEL LTIN v—m— L RRBEFHEFEETIEE LD
A FME L,

7B, FERIBARERFHEENRBHERGEREICE- =,

w R:
RICERAELCRBELE 2B Mt ~— b —IZBT3BHEOBRE2ET S 3TED N,~ U ARFOREF
BBl OESRTORREZRT, R2KEFROBOELZETSE LD N, <Y RRFICBIT ek 11 &
14 Z L OB OKRETT,

ek 11 BIZBW T HBPEBETHo7-DIE, 40.0cM [69. IMbp (M base pair)] (BT BZ~v—Hh—D
D11Mit298, 57.5cM (97.4Mbp) (ZfLE$ B~ —H—D DIIMit145, 63.0cM (104.3Mbp) (TWMETH=w—H—0D
D1IMit10 33 K TR 79.0cM (119.0Mbp) ZfifEF 2= —H—® D11IMit104 THhH o7, §FIZ DIIMitI0 IZBWVWTIXT
RTOBEAZEHRLZATE N,V ABFOBEFEIZIA REESETHY, BLBWVAFETESEROEGFE
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WRE LN (A REESE : A/CBH ~T aiES&=37:0, x?>33.11, p<0.00001),

BEE 14 BIoBWT xMENFETCH-7-DIX, 25.0cM (51.8Mbp) LB+ 2 ~—H—dD DI4Mit1l13 B &
1% 40. 0cM (63. dMbp) (BT H~—Hh—D D14Mit3d ThHo 7=,

—F, arbe—nHBE LTEEROBOZE2HT30LEDON, 7R ICBNT, Reealk11EL UBELIE
HOEHFETAOIN I RBIFOBRGFENREECAFRTEESEOBRVBGFREEBL L 25D Hit v—Hh—
2RV, BETFREZHELE, BREIVTRD ' REKTHERREEIRD bhih ol

®R1 BHEOEREE TS VIRICEITEv—h—LORBFNR

L <z —H—D . 2 z—H—-0D ;e f

. e BETELE 0 & w—n- B BREFEL

f& o Mop A A/CHI # oM Mbp A ACH

1 DiNit294 8.3 1.8 24 13 3.27 10 DIOMit180 6.0 117.9 19 18 0.03
DIMi t251 38.1 70.8 19 18 0.03 11 DLINitT] L1 68 17 20 0.24
DIMit48 54.0 88.5 20 17 0.24 D11Mi t306 12.0 20.1 23 14 2.19
DIMit26 62.1 1121 19 18 0.03 D11Mit298  40.0 69.1 29 8 11. 92"
D1Mit227 8l.6 158.3 15 22 1.32 D11Mit145  67.5 97.4 36 1 33.11°
DIMit151 1010 181.1 15 22 1.32 D11Ni t10 63.0 104.3 37 0 »33.11°

2 D2Mit80 10.0 2.1 20 17 0.24 D11Mit104  79.0 119.0 28 9 9.76*
D2Mit323 3.7 553 22 15 1.32 12 DI2Mit58 6.0 17.2 18 19 0.03
D2Mit381 42.6 24 13 3.27 D12Mi t233 52.0 16 21 0.68
D2Mit272 4.5  90.4 27 10 7.8 D12Mi t8 58.0 108.2 16 21 0.68
D2Mit132 52.5 115.7 25 12 4.57 13 DI3Mitl6 0.0 19.7 15 22 1.32
D2Mi t451 73.2 1557 22 15 1.32 D13Mit64 30.0 445 13 24 3. 27
D2Mi t200 107.0 179.5 19 18 0.03 D13Mi t122 3.0 59.0 15 22 1.32

3 D3Mitl85 20.5 57.6 13 24 3.27 D13Mit231 30.0 73.6 17 20 0.24
D3Mit254 64.1 132.6 16 21  0.68 DI3Mit108 45.0 9.4 18 19 0.03

4 DaMit291 5.0 2.2 24 13 3.27 D13Mi t226 50.0 99.9 20 17 0.24
DAM; t84 37.6 755 22 15 1.32 DI3Mit78 75.0 115.8 19 18 0.03
DAMit146 53.6 108.1 24 13 3.27 14 DI4Mit207 5.5 184 23 14 2.19
DAMi 233 75.5 143.6 21 16 0.68 D14Mit113  25.0 51.8 28 9 9.76*

5  DS5Mit419 18.0 317 17 20 0.24 D14Mit34 40.0 63.4 29 8 11.92°
D5Mi £201 42.0 73.9 14 23 219 15 DISMit175 9.9 9.2 21 16 0. 68
DS5Hi £406 64.0 114.7 12 25 4.57 D15Mi t267 10.9 244 21 16 0.68
D5Mi £292 80.0 1381 10 27 1.8l D15Mit154 18.8  43.8 17 20 0.24

6 D6Mit223 19.0 45.3 20 17 0.24 DI5Mit144 32.2  68.6 17 20 0.24
DEMit184 2.4 53.2 18 19 0.03 16 DIEMit165 10.3 137 21 16 0. 68
D6Mi t322 35.2 19 18 0.03 D16Mi t4 27.3 3.1 24 13 3,27
DGMit132 40.0 97.0 19 18 0.03 D16Mi £203 55. 0 22 15 1.32
D6Mi £366 50.5 115.6 20 17 0.24 17 DI7Mit213 9.3 154 17 20 0.24

7 DTMit76 3.4 105 22 15 1.32 DI7Mit173 11.8 20 17 0.24
D7Mit247 16.0 256 19 18 0.03 D17Mit33 18.8 332 19 18 0.03
D7Mit91 28.1 46.1 16 21 0.68 D17Mit49 23.2  43.5 20 17 0.24
D7Mit181 37.0  66.7 17 20 0.24 D17Mit238 34.3 20 17 0.24
D7Mi 1126 50.0 19 18 0.03 DI7Mit96 54.6 89.7 22 15 1.32
D7Mit186 64.0 118.2 19 18 0.03 18  DI8Mit64 . 2.0 63 21 16 0. 68

8  DBMit224 1.0 32.0 18 19 0.03 DI8Mit12 17.0 20 17 0.24
D8Mi t65 22.5 42.1 18 19 0.03 D18Mit51 37.0 6.6 19 18 0.03
D8Mi t242 47.0 1011 21 16 0.68 D18Mit154 47.0 76,1 14 23 2,19
DBMi t91 67.0 123.8 24 13 3.27 19 DIOWit69 6.0 13.2 17 20 0.24

10 DIOMit3 21.0 28.9 17 20 0.24 D19Mi £80 22.0 22.6 16 21 0.68
DIOMit115 8.4 70.1 16 21  0.68 D19Mi t46 24.0 32.2 15 22 1.32
D10Mi t230 49.0 89.9 15 22 1.32 DI9Mit70 5.0 50.1 17 20 0.24

A ATEESERETFR;  A/C3H: A/CH ~TF oA {EEEFR
a:p<0.005; b:p<0.001; c:p<0.00001
F2 ERLCOBOFEETINTORICHEITH8EHE 11 BE 14 BLOT—h—E0EEEH

B 2= =0 . 78 -—H— .

B e e METHE & e g REFRE X

i o Wbp | A NG & N Wp - A ACH

11 DIIMit298 0.0 69.1 14 6 0.13 14 DI4Mitll13 25.0 5.8 15 15 0. 00
DiIMit145 5.5 97.4 16 4 013 D14Mit34 40.0 63.4 14 16 0.13
DLIMit10 63.0 104.3 17 13 0.53
D11Mit104 79.0 119.0 16 14 0.13
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ARESONT-BREOEREEFT I N, vV RABFOREBEFRO A REHEAE  A/CH ~T uESEORKBRHE
IIEBELOFBELENRRBO LN, SLIZEFROBOEEZA TS N,V ARFOBGFED A meifEdk .
A/CIH AT oA RDERENSBRELOFEEZIRDONL o, ZOZEND, =V RARAEKII EBX
V4B LA FREEEBEOFTELARVBETFEHIENREONI~v—h—i, A/WySh BT U R BITZaLF YV
YEREIZ LD BROERBECRIMEREGT &L OEEPTFET 5 LATRRS N,

Juriloff & "%, A/WySn ZH- UV RICBWTERREDOOER (BROEHEZEDD) OBEFHR~ U R Y
Bl EL BBICFEL, BETEME LT UBCHFETIER cIf1E BBEIFETS clf2ThHd L
EFHELTVS, AFETIEL, BELEVARTEGFRETFRIL 2GR L AV RAREK 11 ELEDODIIMiItI0

(63.0cM, 104.3Mbp) BIEBETHLATHY, BRBEONBHOERBETFERAD clfl BEET DKL
RITHBLETRLE, AT FORE (E12) KXV ANBRIEHEBELBREESNSDN, DBERORE
RIFATOA FIZLVEBREEBRZVENBPEINTNE P, FHEEL 'E, vV ADBOBKRERT
% (WELLS) BAIOEL BALERS Y RICANTF /U 2BREL, REEONEREBR LN, NERRBE
BOYMIBDOON ol LERELTVWD, - T, KFEOERNLB O A/NySn B~ RA0E
BOBEIFZAINF YV OREBTRS, OBHRBEEOCHERE TN~ A REE 1] %G:Tﬂf*{é EBEBELILN
7=

—HAWE T, BRRENBROBIEFEMD clf2 & DESHZR LI —H—0D DI3Mit23]1 Z AV, BHE
AEREFTEINEDON, U RABFORGFRZHELZ L 24, FELRREENBG oA o=, BIban
FY UEEICL D AWy B~V ABE O BROBZEHEREFIDIMiIt23] L OEHITRBOLNT, c/f2ik=
WNF BB L B A/WySn R~V ABFEOBREEOCEMBEFEME LTRO N o, aLF SV
BEICE D AWySn R~V ABFOSRORECES T 3 BEMRET A~ Y RPAK 4 BICHEETH L
DR ENT, A/WySh BV AN THREFKE 11 FL 4 B LEFEET I REFOMEERICL YV BHEDE
HWERIET D LHERSIN,

<Y RO OEOEBICET 2 MOBETHE, Tefap2a'® (=0 AYeafk 13 &, 25.0cM), T6x10" (= A%
Bk 19 &, 2.0cM) POBHOBZEHHEGF L LTHEINTWS, T2 (wyAR@aE 1 &, 101.5cM),
DIx2% (= Ak 2%, 44.0cM), Msx1® (=A@ S5H, 21.0cM), Gabrb3™ (= RPEMETE,
28.6cM), Pax9?" (=v RAYEAK12E, 26.0cM), Terfb3 ¥ (= ARefafk 12 %, 41.0cM) F5 LU H-2 iR ™

(= A%etafk 17 %, H-2S/H-2D i) NOFEHOFZHBREFLLTHEERTWS, £/, L tONEAOE
BT ABFED 5 b, MSXI®, TGFB2®, TGFB3*, GABRB3®, MTHFR™ (FTu—N<y ARAik4E,
76. 4cM), TGFA™ (FER U—Re U ARk 6 F, 35 8cM), BCL3™ (FEnV—N2e0 AREEKET E, 6.5cM)
BLURIRA™ (RE R U—nwy AR 11 E, 57.80M) REMBET L LTHSESA TS, AHFETH,
TN DOBREFOEFICABT S Nit v—b—2 B, BEOZELET3 N, vV 2ARIFORGEFREHEL
7o EDHER Rara DEL BT B —H—D D1IMit145 12V T A FREHE S L A/C3H ~T oS kDBE
FEILAM36:1 THY, HFRICAFRETEASEORVEBRFRIENBONEN, BLRWVEHZFRTHEBRICE £
bRRMotz, ELIMD=—I—IZBNWT, BoN A TRETESEE A/CBHAT uERSEOBGTFRILMN 1
1 OBERELERL, FERREEIBD SN o7, IBbarF Y o BECLIBHEOERNORIER, L
DEEF & ORFEEED RV DL Bbhiz, DERORBE, FLNEROBETBEIRERENTFET D
IEMBEZIBN, FLTaAaNFYUBRECIVBETIEHENERE, nEH, -oHERLEI#ETFHEO
HWEERICL Y BETITEELELXLNT,
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anti-ICOS antibody inhibited the recall response of long-term accepted

heart following skin grafting
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The authors investigated the effect of blockade of the ICOS pathway on recall
response in rat with cardiac allograft model. The authors report here that the
treatment with blockade of ICOS can enhance cardiac allograft survival after
following secondary donor type skin grafting, and Anti-ICOS antibody inhibited the
immigration of activated memory T cells for target organ but not the function of
memory T cells.
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Abstract
Background: The inducible co-stimulatory molecule (ICOS), a member of CD28/CTLA4

family, is expressed on activated T-cells and effector/memory T cells.
Methods: Hearts from DA (RT1a) rats were transplanted into Lewis (RT1 1) recipients with
intravenously single dose of AACTLA-4Ig at 10° plaque-forming units (pfu) immediately
after transplantation. The recipients with long-term accepted primary cardiac allografts (over
100 days) were received secondary donor-type skin grafting. Anti-ICOS antibody was
injected (1mg/kg intravenously every other day for two weeks) after skin grafting.
Immunohistochemistry, mixed lymphocyte reaction (MLR), and flow cytometry were
performed.
Results: AACTLA-4]g treated recipients rejected primary accepted cardiac allografts
following secondary donor type skin grafting. The rejected cardiac allografts appear to be
high ICOS positive lymphocytes infiltration. In vitro secondary MLR showed that anti-ICOS
antibody could not inhibit recall T cell proliferation response.
Conclusions: our findings suggest that the treatment with blockade of ICOS can enhance
cardiac allograft survival, indicating costimulator molecular ICOS signaling plays an
important role in the recall response of long-term accepted heart following skin grafting in
vivo and vitro. Anti-ICOS antibody inhibited the immigration of activated memory T cells
for target organ but not the function of memory T cells.

Keywords Costimulator molecular, memory T lymphocytes, recall, CTLA4Ig

INTRODUCTION

A novel costimulatory molecule, inducible costimulator (ICOS), was identified as the third member
of the CD28 family and only express at very low levels on naive T-cells. ICOS-mediated signal is
thought to contribute mainly to regulation of activated T-cells and to effector T-cells functions similar
to CD28 [5] [6]. The authors previously reported that administration of cytotoxic T-lymphocyte
antigen 4(CTLA4) Ig combined with anti-ICOS antibody yielded long-term anti-specific allograft
survival in a rat heart and liver transplantation model [3] [4]. When a previous antigen is encountered,
memory T lymphocytes are rapidly mobilized to deliver a recall response that surpasses a primary
response to new antigen in speed, magnitude and efficacy [11] [12] [13]. This enhanced memory '
response is often beneficial, and can provide protective immunity against recurrent pathogens;
however, in transplantations the presence of memory immunity is potentially deleterious. Some studies
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suggest that the presence of alloreactive memory T cells may impact survival of an allograft. Recent
studies have provided evidence that certain newly recognized costimulatory pathways could be
involved in the recall of memory T cells but have little effect on naive T cells. ICOS costimulatory
pathways could be a potential approach to inhibiting the recall of alloreactive memory T cells.

In present study, the authors investigated the effect of blockade of the ICOS pathway on recall
response in rat with cardiac allograft model. The authors report here that the treatment with blockade
of ICOS can enhance cardiac allograft survival after following secondary donor type skin grafting,and
Anti-ICOS antibody inhibited the immigration of activated memory T cells for target organ but not the
function of memory T cells.

MATERIALS AND METHODS

Hearts from DA (RT1a) rats were transplanted into Lewis (RT1 1) recipients with intravenously
single dose of AACTLA-4Ig at 10° plaque-forming units (pfu) immediately after transplantation. The
recipients with long-term accepted primary cardiac allografts (over 100 days) were received secondary
donor-type skin grafting. Anti-ICOS antibody was injected (1mg/kg intravenously every other day for
two weeks) after skin grafting. Immunohistochemistry, mixed lymphocyte reaction (MLR), and flow
cytometry were performed.

RESULTS
Prolongation of allograft survival after secondary donor type skin grafting

Treatment with anti-ICOS antibody prolonged cardiac allograft survival (median survival time
[MST], >S50 days; n=15) significantly in comparison with no-treatment (MST,12 days; n=12;
p<0.05)(Fig.1).

Histological studies

No-treatment group of cardiac allograft at 10 days after secondary donor type skin grafting showed
myocyte necrosis and infiltration of mononuclear in comparison with heart grafts treatment with
anti-ICOS antibody (Fig.2).

DISCUSSION

Blockade of CD28-CD80 interaction by CTLA-4Ig prolonged survival of vascularized grafts and
frequently led to permanent graft acceptance in animal model including kidney and islet
allotransplantations. However, in rat heart transplantation model, an administration of CTLA-4Ig alone
did not induce a stable tolerance, only 20% heart allograft survival more than 100 days. Costimulation
blockade of the CD154/CD40 pathway in the presence of donor-specific transfusion (DST) has been
remarkably successful in promoting permanent survival of heart and islet allograft [9]. However, this
same strategy is wholly ineffective if the recipient has been previously primed with donor-specific
antigen [10]. The other pathway is the interaction of inducible costimulator (ICOS) on the T cells with
B7RP-1 on APC [6]. Blockade of the ICOS/B7RP-1 costimulatory pathway prolongs allograft survival
in rodents at a delayed time point after transplantation, suggesting that it interferes with the recall of
primed T cells [7]. Those findings suggest that targeting ICOS costimulatory pathways could be a
potential approach to inhibiting the recall of alloreactive memory T cells. Recent studies have provided
evidence that certain newly recognized costimulatory pathways could be involved in the recall of
memory T cells but have little effect on naive T cells.

Treatment with anti-ICOS antibody prolonged cardiac allograft survival significantly in comparison
with no-treatment. Anti-ICOS antibody blocked primary accepted cardiac allograft rejection follow
skin grafting. Flow cytometry analysis resealed that the majority of infiltrating T cells express ICOS in
peripheral blood and spleen cells, which was also confirmed by immunohischemical staining after
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secondary donor type skin grafting. The findings were consistent with those of a previous study

showing that ICOS is express strongly on activated T cells at the site of inflammation. When skin

transplants were performed, memory T lymphocytes changed to effector phase, but this proliferative
response was not inhibited by blockade of the ICOS pathway. The findings suggest that ICOS which
regulates immune responses independently as a costimulatory molecule have no function with memory

T cells. Treatment with anti-ICOS antibody only inhibited naive T cells expanding but not division.

The blockade of anti-ICOS antibody prevents activated T cells associated with ICOS-Ligand. The

activated T cells could not immigrate the target organ. Our results suggested that anti-ICOS antibody

plays critical roles in the phase of recall response. In other experiment, we found that anti-ICOS
antibody is might to be function with developing of memory T cells, but could not interfere with
developed memory T cells function (data not published).

In summary, our findings suggest that the treatment with blockade of ICOS can enhance cardiac
allograft survival, indicating costimulator molecular ICOS signaling playS an important role in the
recall response of long-term accepted heart following skin grafting in vivo and vitro. Anti-ICOS
antibody inhibited the immigration of activated memory T cells for target organ but not the function of
memory T cells. In transplantation, it is very important to consider recall response of the memory T
cells in understanding the pathogenesis of graft rejection and in designing new and more effective
immunosuppression strategies.
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Abstract

HSP27, a member of the small heat shock protein family, is implicated in diverse biological function.
Cytoprotective roles of Hsp27, as a molecular chaperon, inclﬁde inhibition of caspase activation,
prevention from stress—induced disruption of cytoskeleton, and modulation of intracellular redox
potential. We recently found that HSP27 is involved in the protective role against UVC-induced cell
death in human UVAP-2 cells, possibly via function in DNA repair. In the present study to elucidate
the molecular mechanisms of the UVC resistance, we searched for HSP27-interacted proteins in the human
cells, by affinity column chromatography using HSP27 protein—binding Sepharose. The HSP27 proteins of
wild type and mutated type, in which the residues Serl5, 78 and 82 were substituted for aspartic acids
to mimic the phosphorylated HSP27, were expressed as fusion protein with GST in £ coli. GST, the wild
type (GST-HSP27) and the mutated type (GST-HSP27/3D) of HSP27 fused with GST were purified from £ coli
using GSH-Sepharose column and then conjugated with NHS—activated Sepharose. Cytosolic and nuclear
fractions from cell lysates were prepared from human UVAP-2 cells mock-irradiated and irradiated with
UVC (10 J/m?). Up to now, the cytosolic fraction from the mock-irradiated cells was applied to the affinity
columns and eluted with high salt solution. The eluted fraction was subjected to SDS-PAGE analysis,
and four protein bands bound to the GST-HSP27 and GST-HSP27/3D columns but not to the GST column were
detected in the comparative SDS-PAGE analysis. Identification of the four proteins appeared to

specifically bind to HSP27 is now in progress by mass spectrometry.
Keywords HSP27, UVC, HSP27-inieracted protein, molecular chaperone, human cells

Introduction

Stress events induce the expression of a set of highly conserved proteins called heat shock proteins
(HSPs) in prokaryotes and eukaryotes. The expression of these proteins is induced not only by elevated
temperature but also other types of stress like heavy metals, H,0,, arsenite or alcohols, and increased
expression is involved in the protection against stress—induced cellular injury [1-5]. Thus, the more
general term ‘stress proteins’ has been introduced for HSPs, which belong to molecular chaperones.
Ultraviolet light (UV) induces significant cellular damage, primarily producing DNA lesions such as
thymine dimers and (6-4) photoproducts [6, 7]. Human cells have defense mechanisms to survive UV-induced
injury. HSPs may play roles in defense mechanisms since cells preconditioned by heat shock were reported
to be resistant to UVB (principally 290~ 320 nm in wavelength) irradiation [8-11]. However, the kind
of HSP involved in the resistance and the mechanisms underlying the HSP-induced resistance are still

elusive, HSP27, a member of the small heat shock protein family, is implicated in diverse biological
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function. Cytoprotective roles of Hsp27, as a molecular chaperon, include inhibition of caspase
activation, prevention from stress—induced disruption of cytoskeleton, and modulation of intracellular
redox potential. [12]. We have established human cell lines differing in their sensitivity to UVC, RSa
and UVAP-2 [13-14 ]. From the comparative studies of these cell lines, we recently found that HSP27
is involved in the protective role against UVC~induced cell death in human UVAP-2 cells, possibly via
function in nucleotide excision repair [15) . In the present study to elucidate the molecular mechanisms
of the UVC resistance, we searched fo_r HSP27-interacted proteins in the human cells. We [irst constructed
plasmids to express wild type and mutated type of HSP27, in which the residues Serl5, 78 and 82 were
substituted for aspartic acids to mimic the phosphorylated HSP27, as fused proteins with
gluathione-S—transferase (GST). These fusion proteins were expressed in £ coli. and purified and then
conjugated with Sepharose. Next, we searched for HSP27-interacted proteins in UVAP-2 cells by affinity
column chromatography using Sepharose binding those fusion proteins, and detected several proteins

appeared to specifically bind to HSP27.
Materials and methods

Plasmids

pBluescript-HSP27, which contain cDNA sequence of Asp27 gene, was gift from H.hosoya. (Hiro shima

University , Japan)

pBluescript. . KS (+)-HSP27/3D mutant , in which 15-Ser, 78~Ser and 82-Ser of /sp27 were substituted for
aspartic acids, was gift from Dr. Weber and Dr. Hicky (University of NEVADA , USA ). The sequence of
the cDNAs of Asp27 and Asp27/3Dwere inserted to GST fusion protein expression vector using proper sites

for restriction enzymes.
Purification of protein

Pellets of E. coli. expressing GST, the wild type (GST-HSP27) and the mutated type (GST-HSP27/3D)
of HSP27 fused with GST were lysed with a buffer (50mM Tris /HCL, pH 7.5, 10mM 2-ME, 1mM EDTA, 50 mM
NaCl, 10% Glycerol) containing 0.1% NP-40 , 1 mM PMSF, 0.0lmM pepstain A, 0.08 mg/ml lysozyme, and
the lysates were incubated for 1 hour at 37° C and then centrifuged at 10,000 x g for 1 hour at 4° C.
The supernatants were applied to Glutathione Sepharose 4 Fast Flow (Amersham biosciences AB SE-751 84
Uppsala Sweden ) followed by a wash in the lysis buffer, then eluted with 40mM glutathione . The purified
proteins were confirmed by SDS-PAGE analysis.

Coupling of proteins with NHS-activated sepharose

GST, GST-HSP27 and GST-HSP27/3D proteins were dialyzed with a buffer (0. 2M NaHCO; pH 8.3, 0.2M NaCl),
concentrated by Amicon Ultra—4 (Milipore Corporation Bedford, MA01730 U.S.A) according to the
manufacturer’ s recommendations. The concentrated proteins were coupled with NHS-activated Sepharose
(Amersham Pharmacia Biotech AB SE-751 84 Uppsala Sweden ) for 2 hours at room temperature and blocked
with 0.5 Tris-HCl, pH 8.3, containing 0.5 M NaCl and then washed with 0. 1 M CH3COONa, pH 4.0, containing
0.5 M NaCl. The blocking and washing were repeated 6 times and finally washed with 50 mM Tris-HC1, pH
7.5, containing 50 mM NaCl.
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Cells and culture condition

UVAP-2 cells were established from human RSa cells [13], as a UVC-resistant cell line, by
mutagenization with ethyl methanesulfonate followed by UVC irradiation [14]. UVAP-2 cells were cultured
in Eagle's MEM (EMEM) (Nissui, Tokyo, Japan) medium supplemented with 10% (v/v) calf serum (CS)
(Biosciences PTY Ltd, A.C.N., Australia) at 37° C in a humidified atmosphere containing 5% CO,

UVC irradiation

UVC was generated from a 6-W National germicidal lamp (Matsushita Electronic Industrial Co., Osaka,
Japan). The intensity of UVC was 1 J/m%/s, which was measured by a UV radiometer, UVR-254 (Tokyo Kogaku
Kikai Co., Tokyo, Japan). Cells were seeded in a 100-mm dish and grown to a confluent condition. The
cells were irradiated with UVC at an indicated dosage immediately after the medium was removed and then
reincubated for an appropriate time as previously described [20]. Mock-irradiated cells were treated

in the same manner but without irradiation

Preparation of cytosolic and nuclear fraction from human UVAP-2 cells

Affinity chromatography

The affinity column was pre-washed with the cell lysis buffer. Cytosolic and nuclear fractions of
cell lysates from human UVAP-2 cells mock-irradiated were applied successively to the three affinity
column, GST, GST-HSP27 and GST-HSP27/3D binding Sepharose, in their order, washed with the lysis buffer,
and then eluted sequentially with a buffer (10mM Tris-HCI, pH 7.5, 10 mM NaCl, 2.5 mM MgCl,, 2 mM NaF , 2
mM Na,VO,) containing 1 M NaCl, then the buffer contaninig 1 M MgCl,, and finally 0.1 M glycine - HCl ,
pH 3. 0. Eluted protein were concentrated using a TCA precipitation method, separated by SDS-PAGE, and
then detected by CBB or silver staining.

Resuits

We purified about 7. 2mg GST, 6. 1mg GST-Hsp27 and 6. 44mg GST-Hsp27/3D from 16L, 16Land 14L L-broth culture
E. coli, respectively(figurel). Cytosolic fractions of cell lysates from human UVAP-2 cells
mock-irradiated were applied successively to the two affinity column, GST, GST-HSP27 binding Sepharose.
There are four proteins appeared to specifically bind to HSP27 (figure2).
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Discussion

It was reported that human cells tolerate damage caused by UVB irradiation if they have been
preconditioned for heat treatment [7-9], and it was suggested that inducible HSPs play roles in cellular
responses after UV irradiation [10]. However, Trautinger et al. [20-21] reported that overexpression
of HSP27 did not confer resistance to UVA (principally 320-380 nm in wavelength)- and UVB-induced cell
death in a human squamous cell carcinoma cell line. On the other hand, we recently found that HSP27
has the protective role against UVC-induced cell death in UVC-resistant human UVAP-2 cells, possibly
via function in nucleotide excision repair [16]. UVC is a useful tool as a DNA damaging agent for
investigating DNA repair mechanisms and stress responses in human cells [22-23]. We used UVC as a DNA
damaging stressor and found previously the involvement of some other molecules, such as NPM [15] and
syndecan 1 [25], in resistance to UVC in human cells. ,

HSP27, a member of the small heat shock protein family (sHSP), is expressed constitutively at low
levels in many cells and tissues. HSP27 expression increases following heat shock or other type of stress
and enhances the cellular resistance to different types of stress, including heat shock, oxidative stress
{16-17], and cancer chemotherapy agents [19]. It has been previously reported that HSP27 play roles
in the cytoprotective role as a molecular chaperon via inhibition of caspase activation , prevention
of stress—induced disruption of the cytoskeleton, and the modulation of the intra—cellular redox
potential [13].

The molecular mechanisms of the protective roles of HSP27 against UVC via function in the DNA repair
is unknown. If HSP27 also functions in the roles as a molecular chaperone, it is expected to interact
with other protein. Zhu et al. [26] and Kindas-mugge et al. [27] used immuno—precipitation method to
search for HSP27-interacted protein; Zhu et al. reported that a small amount of actin is co—precipitated
by anti-HSP27 antibody in resting platelets, and Kindas-mugge et al. found that HSP27 interacts with
actin, pb3, HSP70 and HSP90, respectively, in a human epidermal carcinoma cell line transfected with
hsp27 cDNA. In this study, we used an affinity column chromatography method using HSP27-binding Sepharose
to search for HSP27- and phosphorylated HSP27- interacted proteins in human UVAP-cells mock-irradiated
and irradiated with UVC. For the purpose, mutated type of HSP27, in which 15-Ser, 78-Ser and 82-Ser of
hsp27 were substituted for aspartic acids, as well as wild type of HSP27 was expressed in E.coli. as
fused proteins with GST, and purified. The mutated type was reported to be mimic phophorylated HSP27.
Up to now, we identified four proteins appeared to specifically bind to HSP27 in cytosolic fraction

in the mock—irradiated cells. The identification of the proteins is now in progress by mass spectrometry.
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Abstract
Background: Many cytokines have been reported to be increased in human and animal models with
cardiovascular diseases. Myocardial infarction (MI) is accompanied with an inflammatory reaction that
induces cardiac dysfunction. The inflammatory reaction has been investigated in animal models of MI
or myocardial ischemia reperfusion injury. Several hematopoietic growth factors including granulocyte
colony-stimulating factor (G-CSF) have been reported to be positive regulators of granulopoiesis and act
at different stages of myeloid cell development. Recently, it has been reported that the treatment with
G-CSF promotes mobilization of bone marrow stem cells to the injured heart and induces myocardial
regeneration after MI. We also examined the beneficial effects of G-CSF after MI in the mice and large
animal models. Our data show that G-CSF prevents left ventricular remodeling and dysfunction after
MI but no evidence indicting that G-CSF induces cardiac homing of bone marrow cells in the infracted
heart, Therefore, it is very important to elucidate whether G-CSF acts directly on cardiomyocytes and
cardiac fibroblasts and the mechanism of how G-CSF prevents remodeling after MI.
Methods and results: In the present study, we first detected G-CSF receptor (G-CSFR) by the method of
reverse transcriptional-polymerase chain reaction (RT-PCR) or immunofluorescence staining on
cardiomyocytes and cardiac fibroblasts. We examined the effect of G-CSF on intracellular signalings
in cultured neotatal rat cardiac fibroblasts by using of western blot method. We also examined the
protein level of matrix metalloproteinases (MMPs), collagen type I, and smooth muscle (SM) a-actin
by western blot analysis. Our data showed that G-CSFR was detected on cultured cardiomyocytes and
cardiac fibroblasts both by RT-PCR and immunofluorescence staining. Incubation of cardiac fibroblasts
with G-CSF (100ng/ml) significantly downregulated the protein level of MMPs, collagen type I, and SM
a-actin. Western blot analysis also revealed that Jak2/Stat3, PKCt, ERK 1/2, and Aktl were
significantly activated in a time-dependent manner by G-CSF treatment.
Conclusion: G-CSFR also to be expressed on cardiomyocytes and cardiac fibroblasts. G-CSF exerts
directly on cardiac fibroblasts through G-CSFR and induces activations of the Jak2/Stat3, PKCE, ERK
172, and Aktl signaling pathways, resulting in down-regulation of MMPs, collagen, and SM a-actin
protein expression in the cultured cardiac fibroblasts.
Key words: G-CSF, cardiac fibroblasts, signaling pathway, MMPs, collagen.

Introduction

Myocardial infarction (MI) is the most common cause of cardiac morbidity and mortality in many
countries. Left ventricular remodeling after MI causes progression to heart failure and leads to death
ultimately. Therapeutic advances have been mainly targeted at restoring antegrade perfusion in the
infarct-related artery, but there seems to be a ceiling of benefit [1]. It has been recently reported that
some cytokines including granulocyte colony-stimulating factor (G-CSF), erythropoietin (EPO), and
leukemia inhibitory factor (LIF) are beneficial on the cardiac remodeling after MI [2-5]. Accordingly,
an alternative approach by cytokines maybe promise therapy of MI.

Combination therapy of stem cell factor (SCF) and G-CSF has been reported to improve cardiac
dysfunction and reduces mortality after MI in mice [2]. We also observed G-CSF prevents left
ventricular remodeling and dysfunction after MI in the mice and large animal models [6-7]. Therefore,
it is of particular importance to determine the molecular mechanism of how G-CSF exerts beneficial
effect on the heart. Previous studies show that G-CSFR only to be expressed on blood cells such as
myeloid leukemic cells, leukemic cell lines [8]. But it has not been elucidated whether G-CSFR is
expressed on cardiomyocytes and cardiac fibroblasts.

The healing process after MI begins from absorption of necrotic tissues, moves into granulation with
numerous myofibroblasts, rich microvessels, and collagen, and then forms scar tissues consisting
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primarily of collagen, with rare vessels via apoptosis of granulation cells [9]. Several studies
demonstrated that G-CSF prevented cardiac remodeling and dysfunction at least in part, by improving
early post-infarct ventricular expansion through promotion of reparative collagen synthesis in the
infracted area [10-11]. Accordingly, we hypothesized that maybe the degradation of extracellular matrix
(ECM) by MMPs contributed to the beneficial effects of G-CSF on MI wounds healing.

In the present study, we demonstrate G-CSF exerts directly on cardiac fibroblasts via G-CSFR that is also
expressed on cardiomyocytes and cardiac fibroblasts. G-CSF downregulates the MMPs and type I
collage, and smooth muscle (SM) a-actin protein levels and activates Jak2/Stat3, PKCC, ERK 1/2, and

Akt! signaling pathways.
Methods

Cell Culture

Cardiac fibroblasts were prepared from one-day-old Wistar rats as described [12}. Cardiac fibroblasts
were obtained from adherent cells on the preplating dish. The cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin solution, plated 10 ml onto 100-mm plastic culture dishes and cultured at 37 °C in
95% air / 5% COj. Cells from the second passage were used for all of the experiments and the culture

medium was changed to serum-free DMEM for 48 hours before stimulation.

Percoll enrichment of adult mouse cardiomyocytes and non-cardiomyocytes

Adult mouse cardiomyocytes and cardiac fibroblasts were prepared from 10-week-old C57BL6 male
mouse by the isolation of adult mouse cardiac myocytes from one heart AfSC procedure protocol [13].
After digestion, cells were dissociated, resuspended in differentiation medium, and loaded onto a
discontinuous Percoll gradient as described previously [14]. Cardiomyocytes and noncardiomyocytes,
which were mainly consisted of cardiac fibroblasts were separately collected, washed, and used for
reverse transcriptional-polymerase chain reaction (RT-PCR).

RNA Extraction and RT-PCR Analysis

Total RNA was isolated by the guanidinium thiocyanate-phenol chloroform method. A total of 4 mg
RNA was transcribed with MMLV reverse transcriptase and random hexamers. For PCR, the following
primers from exon 15 and 17 of the murine G-CSFR were used: sense
5’-GTACTCTTGTCCACTACCTGT -3’; antisence, 5-CAAGATACAAGGACCCCCAA -3’ [I5].
PCR was performed under the conditions included an initial denaturation at 94 °C for 2 minutes, followed
by a cycle of denaturation at 94 °C for 1 minute, annealing at 58 °C for 1 minute, and extension at 72 °C
for 1 minute. Sample was subjected to 40 cycles followed by a final extension at 72 °C for 3 minutes.
The product was analyzed on a 1.5% ethidium bromide stained agarose gel.

Immunocytochemistry

Cardiomyocytes and non-cardiomyocytes from neonatal rats cultured on glass cover slides in DMEM
with 10% FBS for 48 hours were incubated with or without anti G-CSFR (Santa Cruz Biotechnology) for
I hour, then incubated with Cy3-labeled secondary antibodies according to manufacturer's direction.
After wash, the cells were double-stained with florescein phalloidin (Molecular Probes) for 1 hour at

room temperature.

Western blots

After appropriate treatments, cardiac fibroblasts were rinsed with ice-cold phosphate-buffered saline one
time and frozen immediately in liquid nitrogen then stocked in —80 °C until use. Cells were by thawing
in 150 ml of lysis buffer containing 25 mmol/L Tris-Hcl, 25 mmol/L Nacl, 0.5 mmol/L EGTA, 10
mmol/L Pyrophosphate, 1 mmol/L Na3VO4, 10 mmol/L NaF, 10 nmol/L Okadic acid, 1 mmol/L. PMSF,
10 mg/ml Aprotinin, and 10 mg/ml Leupeptin. The extracts were centrifuged at 14000 rpm at 4 °C for
30 minutes, and the total protein concentration was measured with the BCA protein assay kit (Pierce).
Proteins (30 pg) were separated in 8-10% SDS-PAGE and transferred onto a nitrocellulose transfer
membrane (Schleicher & Schuell). After blocking in TBS-T (150 mmol/L NaCl, 50 mmol/L Tris, and
0.1% Tween 20, pH 7.4) containing 5% skim milk, membranes were probed with anti-phospho-PKCE
anti-phospho-ERK1/2, anti-phospho-Aktl (cell signaling), anti-ERK2, anti-Aktl (Santa Cruz
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Biotechnology). ECL system (Amersham Biosciences, Inc.) was used for the detection.
Results

G-CSF Receptor Is Expressed on Cardiomyocytes and cardiac fibroblasts

To text whether G-CSFR is expressed on cardiomyocytes and cardiac fibroblasts in the adult heart, we
performed a RT-PCR experiment by using specific primers for mouse G-CSFR. G-CSFR mRNA was
detected in the adult cardiomyocytes and cardiac fibroblasts. The PCR product showed the expected
size of 628 bp (Figure 1a). We also examined the G-CSFR expression in cultured rat cardiomyocytes
and cardiac fibroblasts by immunocytochemistry. In agreement with a previous study of G-CSFR in
living cells by using of G-CSFR / EGFP (enhanced green fluorescent protein) fusion constructs [16],
immnostaining for G-CSFR revealed that G-CSFR localized to the plasma and cell membrane under
stead-state conditions in cardiomyocytes and cardiac fibroblasts which was detected by the anti G-CSFR
antibody. On the other hand, the signaling was disappeared when the anti G-CSFR antibody was

deprived (Figure 1b, c).

G-CSF Induces Activation of Jak2/Stat3, PKCE, ERK and Aktl in Cultured Cardiac fibroblasts
We further examined whether activations Jak2/Stat3, PKCC, ERK, and Aktl were involved in
G-CSF-induced signaling pathways in cultured cardiac fibroblasts. Cells were exposed to G-CSF (100
ng/ml) for 0, 0.5, 1, 2, 10, 15, and 30 minutes. Jak2/Stat3, PKCC, ERK 1/2, and Akt! activation were
quantified by Western blot analysis. As shown in Figure 2, G-CSF significantly induced
phosphorylation of Jak2/Stat3, PKCT, ERK, and Aktl in a time-dependent manner.

G-CSF downregulats protein levels of MMPs, collagen type I, and SM a-actin in Cultured Cardiac
fibroblasts

We next examined whether MMPs, collagen, and SM a-actin protein levels were downregulated by
G-CSF in cultured cardiac fibroblasts. We exposed the cells to G-CSF (100ng/ml) for 48 and 72 hours
before preparation of whole cell protein lysates. Western blot analysis revealed that G-CSF significantly
downregulated MMPs, collagen type I, and SM a-actin protein levels especially at 72 hours after G-CSF
administration (Figure 3, 4).

Discussion
To our knowledge, we first demonstrated that G-CSFR was expressed on the cardiomyocytes and cardiac
fibroblasts. G-CSF activated a series of kinase cascades including Jak2/Stat3, PKCt, ERK, and Aktl
through G-CSFR in cultured cardiac fibroblasts, leading to down-regulation of MMPs, collagen type I,
SM a-actin protein expression.
It has been recently reported that the combination therapy of G-CSF prevents cardiac dysfunction and
remodeling after MI in mice [2). The mobilization of bone marrow stem cells (BMSCs) to myocardium
is considered to be a principal mechanism {17-19]. In this study, we showed that G-CSFR was
expressed cardiomyocytes and cardiac fibroblasts. Suggesting that beneficial effects of G-CSF on the
treatment of MI, at least in part, by direct exertion via G-CSFR on myocardium.
Previous studies reported that a MMP family was increased in the postinfarction heart failure models with
permanent occlusion and large infarction and that the inhibitors beneficially affected cardiac remodeling
and function [20-21]), It is suggested that an increase in MMP has an aggravating effect on heart failure
via collagen degradation. In the present study, we showed that MMPs protein expression were
downregulated in G-CSF treated cells, this maybe a chain reaction when collagen synthesis was inhibited
by G-CSF. Thus, by some possibility, downregulation of MMPs was one of the protective mechanism
of G-CSF prevent from cardiac remodeling after Ml. Suggesting that the beneficial effects of G-CSF, at
least in part, by regulating the collagen degradation after M1. Furthermore, activation of Stat3 has been
reported to promote neovascularization in the myocardium through enhanced expression of VEGF [22]
and Aktl pathway has been reported to play a critical role in cell survival and angiogenesis [23]. Our
data show that G-CSF activated Jak2/Stat3, PKCE, ERK 1/2, and Akt] in a time-dependent manner.
In summary, we demonstrated for the first time of how G-CSF exerts its effect on cardiac fibroblasts in
vitro. G-CSF may preserve cardiac function not only by promoting mobilization of BMSCs into the
myocardium but also by acting directly on cardiomyocytes and cardiac fibroblasts through its receptor.
But it remains unclear whether G-CSF induced increase in VEGF expression in cardiac fibroblasts indeed
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contributes to the neovascularization of MI heart. Further studies are needed to elucidate whether
G-CSF have the same effects in vivo.
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Abstract

The goal of this study was to elucidate whether B-catenin gene mutations might contribute to glandular stomach

carcinogenesis in Helicobacter pylori (H.pylori)-infected Mongolian gerbils. Firstly, exon 3 of gerbil B-catenin cDNA, a
mutation hot spot, was cloned and sequenced and found to have 89.3% homology with the human form and 95.5% with
the rat and mouse forms. Peptide sequence in this region was shown to be 100% conserved in these mammals. Then, 45
stomach adenocarcinomas induced with N-methyl-N-nitrosourea (MNU) plus H. pylori infection and 7 induced with
MNU alone were examined for beta-catenin expression by immunohistochemistry and for DNA mutations using a
combination of microdissection and PCR-single strand conformation polymorphism analysis. One gastric cancer in the
MNU + H. pylori group (2.2%) displayed nuclear (N) p-catenin localization, 3 (6.7%) showed cytoplasmic (C)
distribution in local regions, and 41 (91.1%) demonstrated cell membrane (M) localization. Tumors induced by MNU
alone showed only membranous B-catenin localization (7/7). Analysis of exon 3 of the B-catenin gene demonstrated all
tumors with membrane or cytoplasmic staining as well as surrounding normal mucosa (S) to feature wild-type beta-
catenin, In contrast, the lesion with nuclear staining had a missense mutation at codon 34 [GAC (Gly) --> GAA (Glu)]
in exon 3 (1/1 = 100%, N vs. M, P < 0.05; and N vs. S, P < 0.05). In conclusion, these results suggest that §-catenin may
not be a frequent target for mutation in stomach carcinogenesis in MNU + H. pylori-treated gerbils.

Key Words Mongolian gerbils, stomach cancer, B-catenin, Helicobacter pylori

Introduction

Abnormal expression of E-cadherin and B-catenin results in loss of epithelial cell-to-cell adhesion leading to

L2 However, studies of

uncontrolled cell growth and may therefore participate in gastric cancer development.
mutations relevant to Wnt/B-catenin signaling in human stomach tumors have yielded conflicting results*®  We
previously reported the existence of b-catenin gene mutations in 18% of rat stomach cancers induced by N-methyl-N'-
nitro-N-nitrosoguanidine (MNNG) ” In contrast, no mutations were found in N-methyl-N-nitrosourea (MNU)-
induced rat gastric carcinomas in another study. ® Therefore, the clinicopathological significance of p-catenin gene
mutation is unclear.

Recently, the Helicobacter pylori (H. pylori) infected Mongolian gerbil has been established as an appropriate animal
model for the study of gastric cancer development, with induction of adenocarcinomas by MNNG or MNU. 9-12)
However, little information has thus far been generated regarding molecular events occurring in gerbil model, partly
reflecting the undefined genetic background.

In this study, stomach adenocarcinomas developing in H. pylori-infected or uninfected gerbils treated with MNU in the
drinking water were utilized to examine b-catenin protein localization by immunohistochemistry and the mutational

status of exon 3 of b-catenin gene using DNA extracted from histologically distinct regions.
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Subjects and methods

Tumor samples

Fifty-two gastric adenocarcinomas were collected from fifty gerbils treated with one of three experimental protocols.
In experiment I, twenty-eight 7 week-old male specific pathogen-free male Mongolian gerbils (Meriones unguiculatus;
MGS/Sea, Seac Yoshitomi, Ltd., Fukuoka) were inoculated with H. pylori (ATCC 43504, American Tissue Culture
Collection, Rockville, MD), then starting two weeks thereafter, were given drinking water ad libitum containing 10 ppm
of MNU (Sigma Chemical Co., St Louis, MO) in light-shielded bottles for 20 weeks continuously. In experiment II,
fifteen gerbils received MNU in water at a concentration of 20 ppm for alternate weeks for a total of 5 weeks exposure
and inoculated with H. pylori one week after the completion of this carcinogen exposure. In experiment III, 7 gerbils
received MNU only at a concentration of 10 ppm for 20 weeks continuously. All animals were sacrificed at the 70th
experimental week. The excised stomachs were fixed in 10 % formalin in phosphate buffer for 24h and samples of

tumors and background tissue were routinely processed for embedding in paraffin.

Histopathological analysis

Tissue sections were stained with hematoxylin and eosin (H&E) for histological diagnosis. Immunohistochemical
staining with monoclonal anti-B-catenin antibody (clone 14, BD Transduction Laboratories, Lexington, KY) at 4 °C
overnight followed by the avidin-biotin complex method (Vector Laboratories Inc., Burlingame, CA) was performed as
described earlier.13) Immunoreactivity of B-catenin was classified into “membranous (M)”, “cytoplasmic (C)”, and
“nuclear (N)” according to the intracellular localization of the protein. Tumors were then classified into “M” with only
membranous P-catenin staining, “C” harboring tumor cells with cytoplasmic f-catenin at least in part but without
nuclear staining, and finally “N” possessing tumor cells with nuclear accumulation of f-catenin anywhere within the

tumor, as described previously.”

Sequencing analysis of b-catenin exon 3

A segment of 224 bp from the genomic DNA in the normal gastric mucosa of Mongolian gerbils was amplified. The
PCR product was prepared as the template and the nucleotide sequence was analyzed using a BigDye Terminator Cycle
Sequencing Kit, v 3.1 (Applied Biosystems, Foster City, CA) with an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems). Sequences of the forward (5-GCTGACCTGATGGAGTTGGA-3") and reverse (5™
GCTACTTGCTCTTGCGTGAA-3') PCR primers were designed based on the similarity of those of human, mouse, and

rat as described.!®

PCR-single strand conformation polymorphism (PCR-SSCP) analysis and direct sequencing

Tumor areas and surrounding stomach mucosa were microdissected from 10-um-thick unstained serial paraffin sections
under a stereoscopic microscope, then, genomic DNA was extracted using the Pinpoint Slide DNA Isolation System
(Zymo Research, Orange, CA) used in our previous work.” PCR-SSCP analysis of B-catenin exon 3 was performed
with established methods."'¥

Results

B-Catenin localization _

Fifty-two animals were observed to have 45 differentiated and 7 undifferentiated gastric adenocarcinomas. In the
MNU+H. pylori group, immunostaining of b-catenin revealed that 41 of the demonstrated tumors had only membranous
localization (41/45, 91.1%) and 3 had (3/45, 6.7%) cytoplasmic B-catenin staining.  The majority of differentiated
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adenocarcinomas had preserved cellular and nuclear polarity showing homogeneous low-grade morphology. In
contrast, one small lesion showed heterogeneity with high-grade cytological and structural atypia within the tumor
masses, where nuclear p-catenin accumulation was observed (1/45, 2.2%, see Fig. 1). On the other hand, all samples

(7/7, 100%) in MNU only group had membranous localization (Table 1).

Fig. 1.

Mongolian gerbil glandular stomach cancers induced by MNU and H. pylori infection. (A) H&E staining of a
differentiated adenocarcinoma induced by MINU and H. pylori infection (X80). (B) Immunochistochemical analysis of
B-catenin protein (X80). (C) Magnified yellow box in (B), representative results for tumor cells with membranous
localization of B-catenin (X 640). (D) Magnified red box in (B), representative results for tumor cells with nuclear

accumulation of §-catenin (X 640).

Table 1. B-Catenin localization and exon 3 mutation in Mongolian gerbils® stomach tumors

P-Catenin Localization P-Catenin mutation
MNU+H .pylori  MNU only MNU+H .pylori MNU only
) Nucleus 1/45 (2.2%) 0/7 (0%) 1/1 (100%)" 0/7 (0%)°
Gastric tumor Cytoplasm  3/45(67%)  O/T(0%)  O/3 (0%) 0/7 (0%)
Membrane 41/45 (91.1%)  7/7 100%) 0/41 (0%)" 0/7 (0%)
Surronding normal tissue Membrane 45/45 (100%) 7/7 (100%)  0/41 (0%)° 0/7 (0%)

a: P<0.05 vs.b and ¢; P=0.13 vs.d. (Fisher's exact test)

B-catenin exon 3 sequence of normal gerbil

Sequences of the 224 bp portion of b-catenin exon 3 ¢cDNA in various animals including a gerbil, human, rat, mouse,
and xenopus were aligned (Fig. 2), and the nucleotide sequences of the Mongolian gerbil and human forms found to be
demonstrated good homology (89.3%), the relation to the mouse and rat goes being even more close (95.5%). Peptide
sequences in this region matched completely in the mammals, and almost perfectly (97.2%) with that of xenopus.
fB-Catenin gene mutations

Representative PCR-SSCP results are shown in Fig. 3. DNA samples from lesions with membranous and cytoplasmic

staining showed similar DNA mobility as the surrounding normal tissues and a wild type control (lane 1). However,
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the example with nuclear $-catenin staining (lane 2) harbored a band (a) with abnormal mobility. Sequencing analysis
confirmed this to be due to a GAC (Gly) -> GAA (Glu) missense mutation at codon 34 (Fig. 4).

Codon 34

TCT@TCQ\CTC TGG 'l" 1_‘)00 TCC);CTCTGGT
0

Mutant
Normal
GAA(Glu) .
GGA (Gly)
Fig. 3.

PCR-SSCP analysis of B-catenin exon 3 in gerbil stomach adenocarcinomas. Lane 1, wild type control. Lane 2,

« ’7

adenocarcinoma sample with nuclear f-catenin staining showing a mobility shift. , abnormal band.
Fig. 4.
Sequencing analysis of the b-catenin gene isolated from the gerbil stomach carcinoma illustrated in Fig. 3 showing

codon 34. Top panel, wild type; bottom panel, mutant.

Discussion

Our present data demonstrated only a single mutation at exon 3 of B-catenin gene observed in one of 45 cancers
developing in Mongolian gerbils infected with H. pylori and treated with MNU, and 7 cancers developing in MNU only.
To our knowledge, this is the first report of any such mutation of the f-catenin gene in a gastric cancer in a Mongolian
gerbil. In human and rat lesions, mutations at exon 3 of B-catenin are usually localized at glycogen synthase kinase
(GSK)-38 phosphorylation sites (codons 29, 37, 41, and 47) and the adjacent codons (28, 32, 34, 39, and 48), where
serine and threonine residues are physiologically phosphorylated. The mutation spectrum of f-catenin in the
Mongolian gerbil gastric cancer, although only one case in this study, was in line with the reports for rodent tumors

3. %19 Our mutation of B-catenin gene was limited to nuclear staining of the protein.

located at codon 34 of exon
We have previously demonstrated such mutations to correlate with the nuclear B-catenin in rat gastric cancers induced
with MNNG. ”  Ikenoue et al. '™ have suggested that the f-catenin gene mutation status appears associated with a shift
in the localization from the membrane to nucleus. It is well known that the mutations can prevent degradation of p-
catenin protein in an APC (adenomatous polyposis coli) dependent manner and cause activation of the B-catenin / Tcf-4
signal transduction pathway in human and rodent models including rats and mice. Since sequences of B-catenin exon
3 were highly conserved among the mammals analyzed in this report, physiological role of B-catenin and oncogenic
mechanism associated with its mutation could be quite similar in Mongolian gerbils as well.

In human stomach cancers, the incidences of mutations in exon 3 of B-catenin gene have ranged from 0 to over 30
percent, and loss of E-cadherin expression appears to correlate with poor differentiation and invasion into adjacent

12 We have previously revealed a timing of B-catenin mutation in the late stage

organs in adenocarcinomas.
progression in rat stomach cancers. ” In addition, Saito et al.  detected no mutations in exon 3 of the p-catenin gene
in 9 early-onset human gastric cancers while Clements et al. ' found a significant number of stomach adenocarcinomas
with B-catenin mutations and nuclear accumulation including advanced stage lesions. Therefore, we consider that B-
catenin gene mutations might be important for late stage progression in gastric carcinogenesis. pB-Catenin activation is
usually confined to a small region within a stomach cancer, and thus using microdissection technique proved to allow
sampling of pure populations of tumor cells for mutations, which may prevent false-negative results. ' The discrepancy
in frequency with previous reports could be due to techniques applied for extraction of DNA from tumor tissues.

In conclusion, mutation of the B-catenin gene exon 3 may not be a common event in generation of stomach cancers in
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the Mongolian gerbil model with MNU exposure and H. pylori infection but uncontrolled activation of Wnt signaling
pathway could contribute stomach carcinogenesis in certain tumors. In this study, one P-catenin mutation was
detected from H. pylori-infected gerbils, showing no statistical significance between MNU-+H. pylori and MNU only
groups (1/45 vs. 0/7, P>0.05). Thus, H. pylori infection may not enhance b-catenin gene alteration. It may help
clarify the influence of H. pylori infection in stomach carcinogenesis to analyze more samples treated with MNU only
and to compare the two groups in the future. H. pylori infection frequently causes chronic gastritis and long-term
infection increases the risk of gastric cancer. Yu et al. 2 earlier found that loss or downregulation of a-catenin mMRNA
in the gastric mucosa was associated with H. pylori infection, which is also known to accelerate E-cadherin methylation.
2 These results are suggestive of activation of the Wnt-catenin-Tcf signaling pathway with H. pylori infection in the
stomach. B-Catenin was expressed on the membrane of the cancer cells in 48 of 52 (92%) gastric cancer tissues.
Thus, other molecular mechanisms including downregulation of E-cadherin might be happened in our model. Whether
other genetic or epigenetic alteration occur in gastric cancer cells in cases lacking f-catenin mutations is an intriguing

possibility warranting further research.**%
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