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ABSTRACT:

Immunoserological study of cysticercosis carried out on sera from patients, healthy Chinese, endemic inhabitant
and non-endemic inhabitant, using the enzyme-linked immunosolbent assay (ELISA) and enzyme-linked
immunotransfer blot assay (EITB) in Jilin, China.

For the evaluate of suitable antigen, we prepared the 2 materials designated as cyst fluid (CF) and whole cyst
(WC) obtained from pig. A total 430 sera, including 134 healthy sera, 86 patients sera, 115 non-endemic inhabitants, 95
endemic inhabitants sera obtained from Changchun in China. In patients (clinically suspected) sera, 82 (95.4%) out of
86 sera were positive. On the other hand, 4 (3.0%) of 134 healthy Chinese sera showed positive. Sixteen (13.9%) out of
115 sera from non-endemic area were positive. On the other hand, 33 (34.7%) of 95 sera of endemic area showed
positive. In comparison with ELISA value among sera from healthy Chinese, non-endemic and endemic area inhabitants,

clearly significant difference were observed.
Key Words : Cysticercosis, seroimmunodiagnosis, ELISA, Immunoblot

INTRODUCTION:

Cysticercosis, caused by larval stage of Taenia solium, is a serious problem to human health. The disease is
endemic in a few countries of Latin America, South-east Asia, and Central Africa and is becoming increasingly
prevalent in the United States and Europe. The larvae migrate into central nervous system (CNS) of human and were
induced reveal severe neurological disorders. Diagnosis study evaluting the cysticercosis lesions with nuclear magnetic
resonance imaging (MRI) and comuputed tomography (CT) is proposed. Recently, Plancerte et. al, (1994) demonstmfed
that enzyme linked immunosolvent assay (ELISA) and immunoblot assay was a good diagnostic tool for cysticercosis.
But specific diagnosis of this disease is difficult until now.

Seroepidemiological survey has been carried out in several endemic countries by using with ELISA. In Central

America, especially in Mexico, there are many reports of serodiagnostic survey of cysticercosis. However, as far as we



know, there are few from China, despite its endemicity.

The prevalence of cysticercosis was investigated among non-endemic and endemic area in Jilin of China. The
availability of ELISA with enough sensitivity and especificity to be applied in the field setting, permitted to perform a
series of populational studies aimed to know the epidemiological characteristic of cysticercosis in endemic populations

in China.

MATERIALS AND METHODS:
Preparation of antigens

The cysticerci were obtained from infected pigs and separated the 2 parts of cyst fluid (CF) and whole cyst (WC).
Each material was homogenized in 3 volumes of 0.85% NaCl solution using a Teflon-glass homogenizer in ice. The
homogenates were centrifuged at 15,000 G for 30 min, and the supernatants were used as antigen.

Protein concentrations were determined by the Bio-Rad protein assay kit (Bio-Rad Lab., Richmond, CA) using a

bovine serum albumin as standard.

Sera

Eighty-six sera from clinically suspected case of cysticercosis and 134 sera, from healthy individuals without
history of neurological disorders were obtained in Changchun, China. Ninety-five sera from inhabitants in endemic area
of Shaangydng and 115 sera from non-endemic area of Néngan, China were also obtained. Sera from 134 healthy

Chinese were used as controi.

ELISA studies

The protocol for ELISA method followed Engvall and Peter (1971) and Weekmen and Schecrus (1971). Briefly,.
microtiter plates (NUNC, Intermed, Denmark) were coated with 100ul (10ug/ml protein) of antigen solution (0.5M
carbonate-bicarbonated buffer, pH 9.6) and incubated for one hour at 38°C and left overnight at 4'C. The excess antigen
was washed away using 0.05% Tween-20 in PBS (PBS/T). Blocking was done with 100ul of PBS/T containing 1%
bovine serum albumin (BSA) for one hour at 38'C. After the washing, 100ul of diluted serum samples was added to
wells. The last well of each plate received serum-free PBS/T and served as negative control or blank well. The plate was
incubated for one hour at 37°C and was washed several times with PBS/T. Peroxidase-labeled goat anti-human
immunoglobuline G Fc-Fragment (Organon Tekhica N.V.-Cappel Productes, USA) at dilution 1:500 in PBS/T was
added to all wells (100! per well) and the plate were incubated for one hour. After washing, we added the 100ul
substrate, 0.03% 2,2'-azino-bis(3-ethyl-benzthiazolin-6-sulfonic acid) in 0.05M citric acid and 0.01M sodium phosphate
buffer containing 0.003% H,0,, to each well. The enzyme-substrate reaction was allowed to occur at room temperature
for 60 minutes. The reaction was stopped by adding S0ul of 1.25% sodium fluoride to each well. The optical density
(OD) of each well was measured at 405-595 nm against the blank using Model 3550 microplate reader (Bio-Rad
Laboratories, USA).



SDS-PAGE and Immunoblotting

SDS-PAGE was performed according to the procedure of Laemmli (1970) in 12.5% polyacrylamid gels. In some
experiments, disulfide bonds were reduced with 5% B8-mercaptoethanol. The protocol of electrophoretic transfer onto
nitrocellulose followed Burnet (1981). The samples were separated with SDS-PAGE under reducing conditions, then
electrotransferred to a nitrocellulose membrane (GVHP 304FO, Nihon Millipore Kogyo Co., Yonezawa, Japan). Some
membrane strips were stained with Indian ink for protein profiles (Hancock and Tsang, 1983). The remaining strips
were immunostained with peroxidase conjugated anti-human IgG antibody as follows; the strips were washed,
incubated in bloking solution (1% BSA/T), then reacted with sample sera diluted 1/100 in PBS/T. After incubation in
peroxidase-conjugated anti-human antibody solution diluted 1/500 in PBS/T, the nitrocellulose strips were incubated
with the substrate, 0.7 mM 3,3'-diaminobenzidine tetrahydrochloride, 0.01% H,0,, S0mM Tris-HCI buffer, pH 7.2. The
reaction was stopped by rinsing the strips with tap water.

A molecular standard (M 4038, Sili gma Chem. Co., St Louis, USA) was run with each gel.
Statistics

Statistical differences was analyzed by the t-test. A p-value of less than 0.01 was considered to be significant.

RESULTS AND DISCUSSION:

The diagnosis of CNS cysticercosis is often difficult. Palpation for subcutaneous nodules and roentgenograms
for calcified cysts in muscles occasionally aid the diagnosis. In the past, indirect hemagglutination and complement
fixation tests has been utilized, but in our experience, neither has been sufficiently reliable to permit the desired degree
of confidence in serological diagnosis. Recently, CT scans have been employed with considerable success and are
especially helpful in determining the need for surgery .

We carried out to know the optimum concentration of serum by ELISA test, which reacted with 1l of WC
antigen from Guatemalan cysticerci. The resuits showed 1024 times or more dilution of healthy Chinese sera has only a
few background response (Fig. 1). As a result of these data, 1000 times dilution of sera were used to detect
antibodies by ELISA.

Fug.2 showed the ELISA using with WC and CF antigens in sera from healthy, patient, non-endemic and endemic
area inhabitants. Scatter plots showed the result of ELISA value measured in using WC and CF antigens. A few strong
reactions with WC antigen than CF (y=0.287x + 0.032) were observed on healthy Chinese sera (Fig. 2-A). But patient,
non-endemic inhabitant and endemic inhabitant sera showed almost equivalent reaction with WC and CF as y=0.924x -
0.029, y= 0.854x +0.049, y=0.699x + 0.048, respectively.

The mean OD values with SD at a dilution of 1:IOdO in 134 Chinese sera were 0.108+0.063 and 0.064+0.027,
respectively (Table 1). We were defined means+3SD as the cut-off value between positive sera and negative.
According to cut-off value of both antigens, 82 (95.4%) out of 86 sera from clinically suspected were positive, but 4
(3.0%) out of 134 healthy sera showed also positive (Table 2). In endemic area, 33 (34.7%) out of 95 sera were positive,
but 16 (13.9%) out of 115 sera from non-endemic area showed positive (Table 2).

ELISA value between WC and CF antigens were shown Fig. 2, and sera from patient, non-endemic and endemic



inhabitants were almost same value. On the other hand, the ELISA value of WC antigen were higher than CF antigen in
healthy Chinese sera (Fig. 2-A).

In order to characterize WC and CF antigen fraction, with 84 sera (22 were healthy persons, 22 were patients, 18
were non-endemic area persons and 22 were endemic area persons) showing a high OD value against WC and CF
antigens fraction by ELISA were examined by immunoblot assay (Fig. 3,4.5,6).

In patient sera, 22 of them reacted with 15.5, 17.5, 18.5, 20, 22, 26.5, 27, 28, 32, 35, 37, 40, 48, 56, 62, 82, 97,
and 115 kDa MW on WC antigen and 35 of them (Fig. 4) were reacted with 15.5, 17.5, 18.5 22, 26.5, 27, 28 and 97 kDa
MW on CF antigen, respectively. But, some of them showed nothing reaction whether it showed higher OD value
with two antigens by ELISA.

Similarly, in non-endemic area, which sera showed positive reaction on the ELISA were reacted with 15.5, 17.5,
18.5, 20.5, 22.5, 26.5, 27, 28, 32, 35, 37, 40, 48 56, 62. 82 and 97kDa MW on WC antigen and were reacted with 27
and 39 kDa MW on CF antigen (Fig. 5), respectively.

In endemic area, which sera showed positive reaction on the ELISA were reacted with 15.5, 17.5, 18.5, 20.5, 22.5,
26.5, 27, 28, 35, 37, 40, 48, 56, 62, 82, 97 and 115 kDa MW on WC antigen and were reacted with 35, 37, 40, 80 and
97kDa MW on CF antigen (Fig. 6), respectively.

Guerra et al. (1982) described antigen B to be composed of 2 protein subunits with molecular weights of 105 and
95 kDa. Analysis of the antigenic profiles obtained by us reveals polypeptides with the similar molecular weight (95 and
115kDas). We found that the smaller of these antigens (97 kDa) reacted with IgG. In addition, it is also clear from our
results that antigens with molecular weights of 62,65, 48, 40, 37, 35, 28, 27, 26.5 kDa were immunodominant.
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Table 1.

OD value with serological test by ELISA using WC and CF antigens of
cysticercus cellulosae

Serum Normat Non-endemic area Endemic area Patient
No. of person 134 115 95 86
ELISA OD value| W€ 0.10870.063 0.14670.165 0.20570.232 0.62170.191
SD
(means7SD) | cp | g.06470.027 0.11470.184 0.22470.288 0.70470.197
WC: whole cyst
CF: cyst fluid
Taible 2.

Number of positive sera with ELISA using WC and CF antigens of
~ cysticercus cellulosae

Serum Normal Non-endemic area Endemic area Patient
No. of person 134 115 95 86
we 2 12 25 80
No. of positive (1.5%) 4 ((04%)| 16 |(263%)| 33 |(93.0%)| 82
person* (%) CF 2 (3.0%) 13 (13.9%) 32 (34.7%) 82 (95.4%)
(1.5%) (11.3%) (33.7%) (95.4%)

* Positive limit by control data (_means _3SD) of Chinese on WC and CF antigens

WC: whole cyst
CF: cyst fluid

Fig. 1. Optimum concentration of normal chinese person sera
which measured absorbance of ELISA using on WC
antigen
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Fig 2
Correlation of ELISA value between WC and CF antigens in

hearthy, patient, Non-endemic area and endemic area sera
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Fig. 3 Immunoblot analysis of whole cyst and cyst
fluid antigens of cysticercus cellulosa with
healthy Chinese sera
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Fig. 4 Immunoblot analysis of whole cyst and cyst
fluid antigens of cysticercus celllosa with
patient sera
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Fig. 5 Immunoblot analysis of whole cyst and cyst
fluid antigens of cysticercus cellulosa with
non-endemic inhabitant sera
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fluid antigens of cysticercus cellulosa with

Fig. 6 Immunoblot analysis of whole cyst and cyst
endemic inhabitant sera
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T, BERBEIEDORE, ERERETIRFOMPALLLIC, BREOHENEABN TS,

FERFBMEREDO KRR ORI 58 M5 THAZ LM Diabetes Control and Complications Trial
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Y, BROFTFEETORRERICEVAVLNL TWAZEEZRLTWS, AR TIEiBRAIL LT
AR RLFEFRAEZANTODS, ZNHFHANIREFILDIETT oD, ERAILIERVER %
KL, ERFEHESRFICHAVLN THEEAE, ZOMBRNZOWTIERRSTUVE,

—F, EHHRIERERLTOA4EK 21 RIED AGEs ARICRITTIRERFILIZEZA, KENEDLR
VIEMERTRL, REFITROLNIZERIL, KEICLDZEN RSN, EER, HFHE, SELRE DS
VB AEEPRVEEERL, F=r B BB LRISIENCE &L TWBZEMRIRE N,

R3S (1988), Bucala & (1991) iI7<RUEAHLY AGEs D3RR ENDIBRRT 0, B4ELAIE, F- 0,
i NO ERSL, ONOO EHITHEL -0 DAERINABZELEREL TVBH, For = lZD XSV INEHE
TARILEF 2T T TIZHLMIZLTEY, AGEs AFROMENICEEL RIZL THBIHDLE XN, ZHiZ
U ER, SEHRIOREE R LTV AHE, SE8AIZIT AGEs A RZ &I+ A1ERIIERD LT, Bk,
SR CROONIEAEABEDISNINREL TWEDD, SEDORETTRETHD,

BEOFECRISHERELTTIIT=Ur ORBBED b, BIEFERFERELRSRIC, KEHER
CEERRBRPETRTHAN, AROFMIELIBZERBLLEEEIC OV T FICIHERIERSEE
NTWB, ZOXIRRIRT, TI/T 7= LA OFiT- 7 & AV LIS ERI DO BIESBEN TBA,
BEETOR, AFNT TR T T =V FEEICOWTERREMZ AW @Esedh T
BN, (GHEDE AW HREIRIZEAL Rbnin, LWLAERRERLY, EHHRILAERCTI/ /7=
Dv ki 7z AGEs ERHFIEREZ RV HL, RIS LOFERFERERREDORRE ORI R
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B, EBERDD, BB, BB, HAREIL. EEBIL TN ENRAR T (M T,
PER IR REDEREZIHIL TOAFREMEA RS,
HE:ARHFSEIL, 2001 £ 8 A 18 B [ 18 EIfREEFEIRR] DI=I U RPUAICTREER,
[ Journal of Traditional Medicines) (Vol. 18, p. 107-112, 2001 € ; Vol. 18, p. 161-168, 2001)
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— BFEEHRMREE —
FARY FEARIWIEMRICE TSP RBREORERE

—I— FRZMWBIZHETHI— FEBEEAICHES BRREBOELIZONT

MEE KA FEEE TERR

o E BT R B BY ERRFEEERT A BREREEEARNF

B At 50 4 B8 R RFERERBEENFZOEH

FERMEE iR KN BA

FRBRE B HERE, EO EEE, KK S,
# 5L B®H »BY. W OEH,
®OEIE

B2E

19700 a— MELEZEAILLYFEAREMEF Ny FEBRE TR I — FRERIZEBHE I h.,
HIRMERRBIELRD LI SR TWEN, EEEIFRATHS., TI T, H4IX2000FE»5200
TEIEMTTFRy FEBERLUFEBRICBWCHMEZ, BFERELZAVEFRBREZLBI 2V, FRKC
FRBEESLVRTI - MR ORER2 TR, FE24 24 (BRE126#], £R1146) ©
SHMBICCRRBELZEMLUEZFERIEF. KRZThETNh44. 5%, 44. 6% Thol, £, &
FEREC CERBEZERL-FBIBR. KRThEh51. 3%, 37. 9% ThY, iz, BF
ERELOEEThoT, —FH. RPI— FHEEREOHERMHIXZ18 141916, 0% TRZEFRT
DHTI— FEIEBAFTRLTWEEEX bR, RA23 748 (B9 s5Hl. kitE1l 4 24 bRk
DORZBETRoT, FRIBEEEREII2 5%ICRON, FEE L bITHMLTWE, LAL, 3 0L
TTHEAREBNI%THAIDIZHNL, 3O0RMULTIIZ 4% THDN, TOHIKTLIT7T5ENDEAX
g —MUEORRIZLZbD LB bWz, RFI—FEAELLIIFELALC13. 8% TRZ
RIETHo72, 2ELLTRERLTWS EEZ LW, ZOMETREF Ny FBBEKUBHRIZE
WTI— FIZEBHTERLTVESE, OTRARLTEY 3 0FMU LIcHBRERRBRENEZ AN
TEMBHALE, L, FECOLFRBRERZ RO, TORREHALNICTTHZ LT TEhol,

Key Words Husgt FKRREE, FRIBRE. 73— FRZ, 3— FLiE, BEFERE

#E :

HURAE R WHO REBSEHTHRATL oL b RBRBEDOZWEATHY, 4B THHAFITITN 1
AL EDMFEERND LHLNTWNWD, 10T, FEARFEMEF Ny + BIGE O KBS IT Hg i B R
RIEBOZZ#E L LTHbI, EFROKS5 0BICFRIBERELEL, ZJVFUVEBRRLTALOATHE
LENTVW3, FEOMOHIENR 1 9 6 0FR LY 3 — FERIENBASh., FHOMIRHE R RIRESE
BlLiokxLl, Xy FERETIZ19 7 0FERP0BAIhEY, TOHRITHATH 7=,
Moreno-Reyes (1) HiX1 9 9 5FICFNy FEBRREFVHEMICTHREZITV., 5~15FDEREDS
H46%BIFRBENRLZON., RPI— FEEME»SIINZ /3B I—-FRZORETHI EHEESINE
EHELTWS, ZOHRENPLTFRy NEBRRIZBWTIEI — MEEEA L L 226, ERELTE



— FRZRBIZHY, BELPRBEREREEZ Lo TWBEEXLNE, SEFL4IX. 197 5FIKa—
FILENEAShEFRy PEBRRIUEHRIZBWTILEBE ARRROHB 2%, 200 0FEOTHR
EDH%, 200 146 AICAFERRLOBROT CRETEREZ AV ERRERRE. FRBRSLVEVDB
TUvaeHikoRlE, RY 3 — FEEEAEZTV., WEHRRKICBIT2BRBEBOKRE, BLTGI—F
BEROFRIZOEALNC LD THET S,

HEEFE

200048A, ¥Ry MEWBRRLUBEHEARKRRIZTL 0 7T AORRBRZ 2T 2001464
IIFFHIEARBBEICT1 0 3 A, IRHREYE/NNERIZT2 4 2 A, IIFEHEKBYARAOARIEICT
42 N\ORZEITIRoT, A, EBIIR 1ITFRLE,

RBIEIBHUBERREORZ vy 70BAHI0b LT, ORERE, REERLOMZ. OFREEVHE., @
B a— FERHEHIEQ D DR, OFRBELVEY, BECHREREDD DM, @FRBOMS,
@RRBOBHFHERE, OIEICITRoT, MR LBFRIILAICHETT. B - BRIIBEREFORENEDL
NEEF MM ERTIE—HOR) IKTRok, FHOMBIIHREOMI L VTV, HITIFKRT
ORBZIZBWTIiX WHO LBICHR-oTHET L (2), BEERE. BRLVFS L -BETRERZEH
4@ (ALOKA echo camera SSD-121TM) 2\ 7. 5MHz u—7 %R, #HBRELZ Xy FIZMBMIIZ
LESERA TITR o, BEERER., ETPRRBEEOHE, HB, RELFHE., 2oRBEEMERE
DEEEZRR, AmmIULEOFRERD>HE I E2HEMREL LEZOXE S ZHIE L,

FRBEEIBTERECOREOREME,»S FEOFHE (m1) =0. 47 9 XHEXHEXES (c
m) OREAVWTCEHEORE LA, AEOAHMEAH LPRRERE Lz, FRIBEXOBZENL Delange
5 (3) RBELELI—1 v BT 2ERBLCHREME b L ICEH L FRBAMOES LR &
HIZITR - T,

MY FPVEIBEMTEOLLEL B, AARTERY A aXx2 v (FT4)., TSH, BCHilk (A m
A RFTFRAM =470/ —LTR}L) OREERTTI2o7 (FT4., TSH IHMbERIALFAEE. B OHREIX
ETS5FUBERBIZEVAIE), FT4 OEEEIX 09~1.8 ng/dl. TSH OEHMEIZ 0.35~3.73 pIU/ml, ¥
A8 FFR b, w470y —ATAMI100ERELZES, Thil Lz BOhEBEL Lk,

BRI — FEEOR EIXRLRFORERER % FV TITV, Sandell-Kolthoff K& % FIA L= 5 R+ 3l
EXxv b (Bafkm) (4) ZERLE, £k, ARRKRPOIZ VT F=E (BERE) bRAIELKE, 2
— FRZDFEIIIIAROBEIIRFI— FOREEEZZOEEFAL, RATIRERFI—FLERFZ LV
T F =1 & DOH( iodine nM/ creatinine mM ) B L, WHO O3 — RFRZDOHA FIA i > CHIBr
72072 (2),

£1 RDBETLFIRTRE (KEH)

2000 4E (LIEHEE 2001 4E (LLIREIREE 2001 FE52/NER 2001 4E18 24 355%
REZEE 6 (F) RE2EEL & () RZ2EE S8 (F) BR2EL K F)
36 33 55
58 39 41 126 22
(8~79) (13~62) (6~14) (20~77)
36.5 37 57.5
& 68 62 116 20
(6~66) (17~68) (6~15) (28~81)
36 36 56
Bt 82 103 242 42
(6~79) (13~68) (6~15) (20~81)
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BR-

HE (6~15F) 24 24 0RBEBVWTETERECESHRELZRO o7, 2 FIdA
PR CHEMRE 2RO ELBEERE CRETRA R o7, Z0 2 FlITAEZET R OMBT 1 BRI L,
FRRARZIZE VT WHO D48 E Grade 1l LEORRREZRBDENIL 0 7H (44. 6%) LEL
SEBWEEZRLE (%2), LML, Grade2 DFRBIEIIDLT236] (1. 2%) ThHotz,

RICBEERECLIVHALERRBABOEINZEH IR L, BRELERL L HITRRR
BELENMLTVWS, ZOFFEREENTNZI— 2y RGAOEBHBLUOERERE - & O RRERER
DEFER (3) LHEBLE, FltdlichkieThoizl s, FRBEXKOCEHSIIER1O0H (7.
9%). KR 104 (8. 6%) ThHoDIIHL, EEHEELLICERLELZAFRBEROES
XBR119%F6 14 (51. 3), KR103BHF3 9% (37. 9%) LERTHo, BB, X
REHEN 0. SmPRE THETERWEMN2 0fidboik,

242810551 8 1HlIcRP I — FEREBOREERITR o, EHXBR, KEEhEh184. 0
pgll. 198. 7Tugl Thol, 18 1FDI LRPI— FHEHEN 100 gl REDOI—FRZH
%2956 (16. 0%), 20 ug/lL RIFEDOHEWHTI—FRRELTWB LBbh23FEIX 26 (1. 1%)
THoT-,

11551 4R%02 6 A/ICHRMLEITRoN, FT4 BREEHKREBALNBL S TSH BbTHhic (EF ER
D 2ELR) LA THIREMBEETESZ 20/8BD20A T, HELEDEEIVWRM o, £k, BED

HEbLRIpBETHo I,
#2 BREA
k= Grade O Grade 1 Grade 2

BR 126 70(55.5%) 54 (42.9%) 2(1.6%)
28/ 114 63(553%)  50(43.8%) 1(0.8 %)
Ei 240 133(554%) 104 (43.3 %) 3(1.3%)

®3 FEOFRRER (FHLFERE)

AR &R
i (F) % A (ml) BEK FH (ml)
6~7 16 39%14 16 39%1.6
8~9 17 44x12 20 45%1.5
10 17 52%1.6 8 43%1.0
11 21 6.2+2.0 25 7.0%2.1
12 29 6.7+22 25 8.9+3.2
13~15 26 8.8%2.7 22 10.8+5.3

2000FBLV200 1 FRIIEHEARKRLZOCIRZOERT, 16RULEOKRA23 74 (B
HOSH., Kl 426 KHLFRBRZ2TRo7Tc,. BEFBRECEEMFRESERENHFIZ6 0
Bl (25%) T, FEHLLEBITERRIZEML TV (R4), EEHEFTII30ORETINTLALED
BRRVHEDD (3%), 3O0RULETIZ34% (58,/171) ¢EBERIEDONT, BEREMSR LD
NOFTRCRERFRFEOELLL B,

BT ADOMBREORT I — FHEMRIZ143. 2pughl, K1 15HTIX147. Tugl Th
o7, TNHERFIVFTF=UELDOLEZEHL, WHO O3 — FRZOHFA FF A icf-oTI—F
REZOREZHSE LKL (£5), 1896IH (190FF LFIRT Y V7 F= v ERAETERhoTk)



264%) (13. 8%) ICI—FRZNVFEEL, E5I128%] (4. 2%) BFFEENLFHEENI—FRZD
RETHo, EEL, RPa— FHEltE : FRBEEEREOMICIIMLAOBFRERHTZILITITE
ehrotz, )
RRBALVECRCHCHAER L ORM 2T DiX B8 8Fl. Ktk 1 2 26I0F 2 1 0fITH -,
DL HEH1H], kHE34IE TSH B, FT4ABRETH Y, FIRBBRETERBTH L, —F., B
4%, ZHEL1 9FIIZ TSH PEF LRIV BIBBETATRRENS, FT4 LEETHoLLbDIE, K
2B DHT, MITEBEMOBEETEL S bhi, BCHKIIBHESH (5. 7%). ZE156] (1
2. 3%) KRHLN, TSHREE LRI VBETH-2 34T 1 0FINRBCHEBETH o7,
£4 - EHRILOFRBEEBERERRE

B = #

F£i (F) #E  HREER (B Bigk HREE () Big AHREEK (F)
16~30 26 0(0%) 40 2(50%) 66 2(3%)

31~40 25 4(16%) 39 9(23%) 64 13(20%)
41~50 19 6(32%) 27 9(33%) 46 15(33%)
51~60 11 7(64%) 21 6(29%) 32 13 (41 %)
61~ 14 7(50%) 15 10 (67 %) 29 17 (59 %)
&t 95 24(25%) 142 36 (25%) 237 60 (25 %)

£S5 Rpas—FRE/RPI7Vv7F=rtbLa—FRZ

Todine deficiency atatus Ratio - B ) = (B1) & (H)
Normal >89 62 101 163
Mild deficiency 45~89 8 10 18
Moderate deficiency 22~45 5 2 7
Sever deficiency <22 0 1 1
Total 75 114 189

Ratio = Iodine ( nM ) / Creatinine ( mM )

.

I— FRZIIFAEFETHHRICBWTEERMED 1 2THY . %< OHE THURMEFRRESC Y vF
BRRFELEL TS, I—FRZOBEOFEL LTEEORRBREOARRIZL > T3 — FERORKEL
BETZLVIFERZLAVBRTNWS (5, 6), FEIFKR~4M, FXy PEEBRKLUBH#HEKIZBWTE
HORFRBEIZOWTHARREZLZA, B2 CBRBLVERIZZENRZR, 44. 0%, 44. 6%, BF
ERECREREMEbLICI— vy ROFRBREFOEF EBLLULBELEZL IS, ThZh51. 3%,
37. 9%LERIZHALD LA, ThiX, Moreno-Reyes b (1) NI Y MERTITRoLFWETOF
RIBEOEA—4 9% LIFERICERZRTLTVWS, WHO 32 TRIRBEN1 O%ULZRDLN LS
EFDOHBIII—FREVRDIHLEEHZELTWS, ZOERIZINE, FRy PUEBRIZBNTHLWVWER
I— FREZVFELTNBR I LIZRDB, —F. R I3— FHEftEIX WHO BARELTWHRRE (2) Th
5100ugh REDOHFIX16. 0% THY, TEBEORZHREEIND 20 ug/l RIEIT26] (1.
1%) THY, Moreno-Reyes © (1) 10 ugl KGN 3 6%EL LTVEIDITHERKERERHD, R
fa— REHBEOZERERIBY T, REOUFHBEIZBNT, I— FREBHEZLTNWELEEXD
iz, Z0X5Z, RFI— FREBHFERZ LTV BIZL 22D TRRBECERBRELL 2oTW3S
FHELLTR, 9 0FROI—FRZOEE, 94 ba UV ORROEE, ik, VFrvsldtL=UAh
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REDEEBOFEBRLILIVFERBRENBEAELELEZONRDIN. SEORETIZHALMNCTHZ L3
TERDPoT,

RADOKRZ TREEHEREDORR LT LIZRZ 2T, Bx0HE (7, 8) KALBIZLSIZ
ERE EHIERERECERERLETIEENEONEZ, Fy FEBRILFEHEIZBWTIIBE L L
HIRIEFALEREZFT LTV, FRBEBEREOCOARERFHEICLEVI LIX, ZThETOREIRTS
HETHY, MOPDOABHRMBEICL > TELTWAARERHZ ZEBRRRENE, E2, 1975
Elza— FMeREPEAINILUICEENZ3 1HBID 4 0OBORADFRBIEBHEREDORREN 2
0% THAHDIZX L, I— FMEBREEAFMBICEENERA (165253 0 DEREN2%THoT,
IOXIRFREFBBMICEATIZ LT, EHOBRE T CIIHANE L, I—FELREEAOKR
LB bDELEZ LN, RAORFI— FERAEOHERMPOLHFHEERML LI ICI— FRZDEIEIX
BNz &Rl fo72, ZOHKERNS, RETRUFHRKIZBNTIXI— MEAgEEAICELY, 3— FRZRK
BISEREBEIN TS EEZ bR, ZOZ LI, BOHRBOBERNI. 5%LEETHH I L2 D
bR E i,

3 -

1.  Rodrigo Moreno-Reyes, et al.: Kashin-Back osteoarthropathy in rural Tibet in relation to selenium
and iodine status. The New England Journal of Medicine 1998; 339: 1112-20.

2.  WHO, UNICEF & ICCIDD: Indication for Assessing Iodine deficiency Disorders and theirControlthrough
Salt Iodization. Geneva: World Health Organization. 1994,

3. F Delange, et al.: Thyroid volume and urinary iodine in European schoolchildren: standardization of
values for assessment of iodine deficiency. European Journal of Endocrinology 1997; 136: 180-187.
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European Journal of Endocrinology 2000; 143: 727-731.
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Islands. Health Physics 1997; 73(1): 199-213. _

8.  HMiki et al.; Incidence of ultrasonographically-detected thyroid nodules in healthy adults. Tokushima J.
exp. Med. 1993; 40: 43-46.

feEftB : 2002%3H13H



o

The

B us

2 0 0 1K B PEEGSIFFASHREERESE
—TAE - RPN B B

el £ P A /§ B
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1. BT —~

BEEABOMEERICETAI YA NVADRE

2. A MM B 200 £ 5 B 24 A ~ = 2002 £ 35 15 B

3. HF &£ M &
AAfFEERS _ IUE 54—
FrBEE _ KERKE e g

P EMFEERKSL L B (Shen Jian-Zhen)
TR  HREFLAZE 2 Bh#R.

4. HrRGEHE

B BRI . TR O CHIR S B AR LT &\,
MR L RET BROH. TR - DRSS LIRELTT &,
KRRIC Mo T, BHESBEREI L3 2HELTT AN,
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5. INXREHE

20014F4 R4 ZMBH D H - 1= HHFHRE FERTHOMKEBIZET 2 V1IN ADEE
KOWTOWRKZRAEZITWELE, BINEIE-Z2HRA T, ROEBORELET.

-2 I -
SR ER HE
MR % Zof &
1,000,066 m 662,821 n 334,410 m 2,835 11 1,000,066
FHEAM (GEEER - KR - TOMOF B INCER. JIHERD)
FEXS & ®| % (A% - AR
WRE¥EE 1,000,066{%|8 66M
i # 191,830 (5T &
R ZElHoEM 14X @191,830X1[E=191,830M
EPqepgrE e
82,824 | EKF &
E oG 228
BITHZE S ER 14X @82,824X 1[8]=82,824M
B | R 59,756\ TFIN FAYH YNV A
14 GL &%) X@7,500X7i{HX1.05=59,756M
H OE @ 269,897\ N 1 T AT %A%t
Mm% ABLT7RABCANAFI Y- Foui
AAFLH—FE2 2 a JDABF Y b X 1 = 11,200
HPA 2 NEB0171S 2000U X 1 = 10,640
MSP 1 NEB0106S 5000U X 1= 10,545
125 —-a14F>6 (ebJa2EF>F) X 1 = 11,700
AMV REVERSE TRANSCRIPTASE X 1 = 32400
DEADEND COLORIMETRIC APOPTOSIS DETEC X 1= 26,600
TAQ DNA POLYMERASE IN STORAGE BUFFERX 1= 8,820
TAQ DNA POLYMERASE IN STORAGE BUFFERX 1= 9,000
QIAAMP DNA BLOOD MIDI KIT(100) X 1 = 81,000
QIAPREP SPIN MINIPREP KIT(50) X 1 = 9,900
5—AZA-2-DEOXYCYTIDINE X 1 = 8,640
TNRINZRGL~=FNILF (2) X 1 = 4,500
GENOPURE 75AX K3F4%vb X 1 = 8500
HieE 12,852
58,590 | =FnERF R =
_B% iPRyb Fros—lkyhk X 1 = 19,800
TAY-TOAT41.2/2.0ml X 1 = 36,000
HER 2,790




FEXS & ®| W% (A& - NER)

334,334 \MEMHASHE

2% 29VP16 X 1 = 38,700
Plasmid Maxi Kit X 1 = 54,000
AR A X 1 = 16914
HBE 15,920
M # 840 |SRITIRAFHE CHRBEHARHRIRHPRXKIE)

S25|SRITIRAFEB (T HST1 TR D)

525 [SRITHRIA FHsH (A EET)

525 | BITIRA FRB (R TINA A Y T8 2 N X)
420 |SRFTIRA FEB (\HZE SR 24D
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ARESGRRE R
REFBOLBEESCRBTZIVANIAOMAE
MARRERSA : WEHih—
BB : KRAFRERELHARMNEY S

R g

ERCBRETIANVRAVANVARBREETRSEREBAE I TLEIN . R OR,
BERIEEBRERL, BEOREFREZRBIIHEVWELXORBESINERITIENASNT
VW3, ANVRZATANVADBDNTOHBANRATYASIVARET S HHV6 3B RO #,
MARBOEREREZIZTROTENOREZINTED, ELBUBHEBROAERZR
BTREBEELCCHEY, BHAMLBDSPEA DR E<BERINTVS., TOLIR
e, MBROEERFRHORBIEANRATASNANFEREL TBDOS TWS W #E
HERFEIRBENDS AVRATAINACREFHEDOHEVHEHBIANRIAT AN 2
HMETES TS5 —2REL., PCREZAVT, BROANVRATVANAZARFICR
HTESHREHRLE. REAHOOLKREBOBRERGCCEALRARTRAOE b
ANVRATANVANEORERBTH 2 WHRBECOVWTRMEL &.

Key Words: A\NWVARXATANVA, FRARHMHEER, PCRE

BRTCHRBR

AWVRAGANWAELTHLEEINS DM NVAB1IO00ERU LA TWS, A,
TEE. BERY, ¥7-BHOY), EMeERREYRBECIELIBHLTNVWS, E AN
RAYA4 IV A (HHV) &L T, B#iANVRADALA NV A 1R (HSV-1) , 2® (HSV-
2) . HWRESIYANA (VZV) . EMAHA P AHNOT YA I A (HCMV) , Epstein-Barr
714 )V X (EBV) o f#&, RiIERRINEEMNANINRZAE6E (HHV-6) 78 (HHV-
7) BRU8SH (HHV-8) OSHEHEMASHhTBYD, TOEYEOERILS . B. 7D
IRIZ2TIBNTVSE, NIVRATANVAKRFROWTHhOBMNELL, #BREHFOERE 2
O0nNMm DK FT, MIROBEAIHEZ1I100nm OHEEOBRWX VLA T RIRREE
T5, BRYRBAOMKRIE. aNNVRATREBLOMBIZ, BANMKRATRECOEME (V
UNRBOHER /70 T77—-Y) EEEMRB., ELUTTrANMRATRY ONRPLPLEM
BRBRETHD. EMANRITANABVERBERNICIEBRERL, BE0REHOE
TRHEWKRAREBOERCRAZEMALGNT VS, AVRAIDANVAORMITD B
ANWVRADANWVAREBT S HHVG ROEROH%, HAERIPERBEHREZFH EE D TEH
PHREINTBD, E-BHBHEBEOAEAERBTCREEMELITEY, BEHNHIR
DOEZEADBDEELIBEBRINTVS, TR EHAS, IBRORERRAHOERIZ
ANWVRATANVARFERELTHEDSO TVATEENELI RBIND, RABINET
WHHV-6 X RRURBOREIANATHAILEZHSM»IZLE . £ . HHV-6 ® HST
BOLEERF (160Kbp)ZRELE. \NVWRATDLINVARBRELEOEVWEHERIIANLAR
ATANWNAZHBAHBTESL S5/ —2HE L, PCREZAWVWT., EEOANRIY
ANVAZRABIIBHTEIZ2RZHBLE. BEETRHRBLEREREB, ANVRADA
WADHFTHBR, T ANNWRZAR2I*FEHMBTESIRIIMA, TSI, KOEKRERZ., B A

—_ 37 —



WRADANAZ#BEHRBTEIRTHS. BEDORR, EbBANRATAINADHER
5F., BINOYS M AAOTVANALED, BANRATANARELAFEHRETE?S
BT, BADUANATMARADANRATVA N ADBbRHTESZIREEXATNS, T
NSDEMNIRATVANVZAZABICRIHTTEZ PCRAZHREL., REFHOmMBEERR
ODBRERBCERAULRARTRADOE PAVRATANANEORERBTH 5B
KOWTRHTR I EZ2EMELE,

R &
1) BAWRAT AN AE¥EHK,EL T, ULL02(HHV-6A), HST(HHV-6B), 7-KHR

(HHV-T7), Towne(CMV)& ¥« #i ld # proteinase KB L T#& 7~ DNA # 100ng. BEKR
BiIBERMmMEALISHM LD BBIR22ML T proteinase K LB 2T W, 10°EH#M
BEh5E&oNDNAR2F YL —bELTHLRE., MR 20pl 25 LA DNA %
Fr7b—hrELTHWRE,
2) XFEHBTSAI—R, BANRATANARBREEDE W late spliced gene FIR I
forward @ 2 fll, reverse fl 2 D 2 M2 {E L. nested PCRERZHTLE. o5 /mig
BEYRIITF NAATVIAE-2aERXOVDINVAZRELE. BEIhBZVD
DIZ DWW TIE direct sequencing HEZAWTHERNEZFARE.
3) NBREREONBEMALE (ITP) 1 8EH2 3H (BHSKRE, ML 2B E, KH
MBER 16RAE) . BEAREMERM (AA) RK#EMIRE., [AEAOFBE 2 SEHMHD
KPS Ifn BB RR AR AK .
(REBEEANOKER)
BENLOCORBORM (K#HMf 2ml, Bl 1ml) B> 7+—ALRa>EMELE
o LT ok. RENSHBLEDNARBRAVRATYAI N AORHUADOBENICIIER
B, BEIZAMBZELCBZERBBRVWEHEKL 2.,

mEER

1) % EHETSTSA T —RBBEAINVRAIAL IV ABKYME (HHV-6, HHV-7, HCMV) .

BERBEIZBVWTHADBANRATVANAZRHBHICHKENBT I ENTETH-> 2.
2) BREOMAEKPE (ITP) BE 18EM 23 Bk (FH SHBRE, mMP2HRE. KM
MBI 16 RE) TOANNWNRADANVADAZ Y- T#B1I3, BN S5 HHV-6 B2
3R (60%) . RKMMBERN S HHV-6 2 10 B84k (62.5%) . HCMV X 1 B & (6.3%) .
MmiEMNS HHVe M 1 Btk (50%) RHE i, RADANRIATANADOBRHBIZIRES
aho e,

3) BAETRERN (AA) BFECHBWVWTIR., XMl ORESR, HHV-7 R 1 BE(11.1%)
TRHINAE. BEFAREAMBEOEMND. 2 EAVXFRAERBEBELEFRARERM 2
REL, A NABENZBELTEDOhTOLER, 2 BHEDIZBANRIAIALINA
BREZhAdrok, TO3B0 1 EMEITHBHENRKTEIN, BREBERNIZIALR
ATAWARZDVWTHNEET S, BHEES 98I HHV-6 A% 100-1000copies/sample B
Eh’e,. RADANWNRATANVAOBRHIZRBRES LMo 2.

4) AERNFREREZAVWVTIORZIBALAEE I A HHV-6 21 3 B4k, HHV-7 2 S
B, HCMV 2 2 R&ERHB I NN, RAVAINVARREBE Ao, RADAIAR
ATANVAOBRHBIZBES AL 2,

TR
ANWVRATANVADHTHPANNRATA NV ARKYT S HHV-6, HCMV R B E £

CEHNHZRD3EAC. NBRBICO/NERVEZRETIEANBEIN TV S,
BER, EAZRKDTRAIZY - 7Z2HETLTEY, FREOLNARKLPEBRFEOERKMY
m, H#EHLS5 HHV-6 NBBEZRHEINE, FAERBIIHFAEASRTESERAOL 2REL., ¥
ANABENBEBLELTRDODATVWEBARRREALBERAIZBIBZIRTTRANLAN
ATANVADHREREENTH o, RKADANNWRAVANVANERAFRBEORBERB O
FRTHOHAWERLZBL, RREODAHEERPLE (ITP) . BEFRERD (AA) EAH#
HMEOBEREZAVEAIY -/ bABCHETLERRATVANVAOBHITI
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Wheshhrok. REOBARLE HHV #EBHBESATLRBRERENSOVAINAD
BEMMECTRA, A2V -V JCHEYTH- . BRERELANARBKELE (ITP) A
EREro. BRICHHV-6MRHEEh. AHBHEROEMMEIC, HHV-6 4 HCMV
CRIRICHETSEOBENET N, In vitro T, HHV-6 HB R % D CFU-GM., #H
RADOBFU-EQID=—KOBLE2ROAE, HHV-6 OEMRDOEENRBR I, &
MOKRENEOERBIOVWTRBAERNPTHS.

L EXM

1.

2,

3.

Roizman B.and Pellett P.E.. The Family Herpesviridae: A Brief Introduction. 2001. Fields
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Yamanishi K..Human Herpesvirus 6 and Human Herpesvirus 7. 2001. Fields Virology
(Fourth Edition). 2785-2802.
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BAANLARGERRICBET S E IVEOBREE G LTHEBEOT v r— FREEICK
AT EITRY, MERROBEAIIBL T 5 NS HEREL £BE, EFTE. H2HRED
ZEBHOMICL, HREERERYELAFTEPHANWRELORERLERT LI LEENL
L7

FkE LTARGEBERICEET 5 IVIRRARES 113 & (B 62 4. &t 51 &)
EHAAN 369 & (B 151 &, &tk 218 &) ORAREE I CHAREREREL £BE, £8
B, HEWRECETL7 vy — MRAEEER L. 2L THARKHAOSHENDEZ%: v 2 IRE
IZE DERESYTHEEERE L

FOFER, (1) MorOFMERERETLETLODOEFARALEELTEYIVATRE
FEICEro7, (2) HEMBEIZOWTIR, BAARD TN RFAHEEAET2H40EHV
DIZa LT, £ Y TV ATRIRISTT 2 BRENE VAR S,

PEXY, BRANEEVTVERBRADT Vo — MRARICI AHBUC L b, FARBIEIHRAE & 406
BEPHSHRE L OBERI TR EIND, TOREEZHLLICT LI L ) FHLDE
PRLEEEZ LN,

Key words:

Temporomandibular, joint dysfunction, Japanese, Mongolian, ethnicity, epidemiology
i
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HHM R R 2 /R MR A (AR, MM RRER % &)
SAREEOIMEG. RE. BE. F%. FHEEHE

%2 &
3 REH L Fih
HAAN B 3694, SEXER 20.4+ 2.3+ (18~39F)

B 1514, EHER 21.2+ 2.87F (18~39F)
T 218%. SEHER 19.7+ 1.7F (18~29%F)

EYINVA BE 113%. EHERS 40.6+14.6F (17~83F)
BY 624, SEHLER 38.7+£13.7F (19~83F)
Tt 514, S ER 43.2+15.3F (17~767F)
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£3 HOE (B#%)

B L1 BE 4emPL T 4-5cm S5cmbl k B
BARA 19 56 73 148
EVINVA 1 33 28 62
B 20 89 101 210
p<0.05

#£4 ROE (K#E)

A L BE 4emPLT 4-5cm 5cmbl i
HAA 57 115 37 209
EVINVA 5 32 14 51
K 62 147 ol 260
p<0.05
F5 ROEE
A OREE H5 2\ 7L i
AAN 26 312 29 367
EITIVA 2 109 2 113
HE 28 421 31 480
p<0.01

£6 RORFRITES)

AHEGEES v BIHE EllHsr WHILHA ¥ B
HAA 262 31 25 28 22 368
EVINVA 113 0 0 0 0 113
e 375 31 25 28 22 481

p<0.01
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£7 HOBTSHBIZES

AR B FEES) 2\ HiZhsb Eiibs WMHEILHA /~BH g
AAA 292 12 23 16 24 367
EVIVA 113 0 0 0 0 113
BEs 405 12 23 16 24 480
p<0.01
#*8 A OEBEE
EEEEE H5 72\ A~EH B
AZAEA 23 331 12 366
EYITVA 4 108 1 113
BEK 27 439 13 479
p=0.32
¥*9 KIS O EBE
B RS Hb 72Uy /~HR 5
HAA 11 346 6 363
EVIRNA 4 108 1 113
BE 15 454 7 476
p=0.81
%10 AEREDOEE
AERE H5 2 /~BH g
A A 191 130 47 368
EYITVA 79 31 0 110
B 270 161 47 478
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11 HEEERR

ke e\ FhE®% MmAdH 5 R B
AAN 321 34 11 2 368
EVITIVA 65 25 22 0 112
B 386 59 33 2 480
p<0.01
*12 HAHEHMES
ARSI M 2\ BHo7- &b N: | &
HAA 262 23 54 26 365
EVITNVA 107 1 4 1 113
B 369 24 58 27 478
p<0.01
¥13 LAFEBEKES
SARETME R\ EHo7 455 HH 7
HAA 268 19 51 22 360
EVINVA 102 2 6 1 111
B 370 21 57 23 471
p<0.01
x14 EYOWEEDFH
AYoEE WEFFE HKANFE CLELTHhn B B
AN 44 77 230 15 366
EIVA 26 31 56 0 113
B 70 108 286 15 479
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#£15 MHE

& Lw

EIZEET 5 BRI A N H
AAA 107 170 33 56 366
EVINMA 59 38 10 3 110
R 166 208 43 59 476
p<0.01
*16 BHEHME
5 0H X g I E W EBLLTH W &t
HAA 118 140 104 362
EITVA 83 23 1 107
e 201 163 105 469
p<0.01
£17 RIEME
NE P ATt Tl W5 Tt N 5
HAA 97 67 146 53 363
EYTIVA 17 11 81 1 110
w5 114 78 227 54 473

p<0.01



*®18 BHFEFLv,

L Ewn ! i
HAAN 287 48 29 364
EVIWVA 94 14 5 113
e 381 62 34 477
p=0.41

®19 HEEHEVIFHEH

zW »H5b NEH &
HAAN 234 73 o6 363
EITIVA 99 7 7 113
HE 333 80 63 476
p<0.01

%20 HEAEFBIIRHEIDSH

2\ H5b ANEA i
HAA 194 112 57 363
EYITVA 85 23 1 109
WAL 279 135 58 472

p<0.01
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1 Lo Compound Cross-reactivities ( % )
Ginsenoside Rb1 100

0.8 Ginsenoside Re 0.024

Ginsenoside Rd 0.020
Ginsenoside Re <0.005
g Ginsenoside Rgl <0.005
g 0.6 Glycyrrhizin <0.005
g a8 Gigitonin <0.005
K] Tigogenin <0.005
g o Tigonin <0.005
£ ] Gitogenin <0.005
2 Digitonin <0.005
< Solamargine <0.005
0.24 Solasonine <0.005
Cholesterol. ) <0.005
Ergosterol <0.005
* Ursolic acid <0.005
0.0+— e g . 8 -Sitosterol _ <0.005
1o 10 10 lo 10 Cholic acid <0.005
Deoxycholic acid <0.005

Concentration of G-Rb1 (ng/ml)
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Sample Sample Composition ratio? Measured amount Expected amount?
No (mg/g dry wt.) (mg/g dry wt.)
1 KR 3,740 0.42+0.03 0.41
2 SIRERR 2,/28 0.38--0.01 0.39
3 BEMASS 1.5/31.5 0.25+0.01 0.26
4 FEEBALE 25/185 0.71+0.01 0.74
5 INGEERR 3,24 0.64+0.01 0.69
6 HPRZRE 4,/2 1.14+0.10 0.92
7 21 3/34 0.60+0.01 0.48
8 MEFH 4/15 1.71+0.08 1.46
9 REBFH 4,215 0.90+0.07 1.02
10 AR 3/12 0.93+0.04 1.37
11 EEERER 2,/22 0.34+0.02 0.50
12 RRER 2,/27 0.28+0.01 0.41
13 KEHESR 0/6 ND ND
14 HEER 0/5 ND ND

Data were meanSE from triplicate determinations. ND= not detectable.

4 Composition ratio expresses the contents of ginseng(g) used in each prescription.

b The amounts of G-Rbl were calculated from the composition of ginseng and the
standalized G-Rb] content (5.49 mg/g dry wt. in ginseng) determined by ELISA.
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By using immunohistochemical staining technique, retrograde neuronal tracing methods and electron microscopy,
we investigated the local circuitry of the medullary dorsal horn (MDH), which is a brainstem center for pain information
transmission.
1) The distribution of preprotachykinin B (PPTB)-, neurotensin (NT)-immunoreactive neuronal cell bodies in the
MDH was examined. PPTB-LI neuronal cell bodies were mainly found in lamina II and less frequently in laminae I and III,
and NT-LI neuronal cell bodies were mainly found in lamina II and, to a lesser extent, in lamina I. Most of PPTB- or NT-
producing lamina II neurons were considered to be local circuit or intrinsic neurons in the MDH. 2) About 30% of PPTB-
immunoreactive neurons showed immunoreactivity for calretinin, or calbindin, but not for parvalbumin. More than 50% of
PPTB-immunoreactive neurons in lamina I displayed immunoreactivity for neurotensin. No PPTB-immunoreactive
neurons expressed substance P receptor, but some PPTB-immunoreactive neurons in laminae I and II displayed NK3
receptor, which is a receptor for neurokinin B, the mature product of PPTB. This suggest the autoreceptor-like function of
NK3 in PPTB-producing neurons. 3) Most PPTB-positive neurons responded to the painful stimulation by FOS expression
after formalin injection into the oro-facial region, indicating that the PPTB-positive neurons in the MDH were involved in
nociceptive information transmission. 4) About 50% of NT-positive neurons in lamina I expressed substance P receptor.
Formalin stimulation in the oro-facial region induced FOS in most NT-positive lamina I neurons. 5) Under electron
microscopy, the majority of the NT-containing terminals made symmetric synapses with the substance P receptor-
expressing neuronal cell bodies and dendrites in lamina I. 6) Some NT-immunoreactive terminals in lamina I formed
symmetric type of synapses on the dendrites of lamina I projection neurons to the thalamus or lateral parabrachial nucleus.
The results of 5 and 6 indicates that NT-producing neurons have inhibitory effects on MDH projection neurons. 6) Under
the electron-microscopic level with double immunolabeling methods, we observed that glutamic acid decarboxylase-,
glycine transporter 2-, or serotonin-containing axonal terminals formed .symmetric synapses with substance P receptor-
expressing neuronal cell bodies and dendrites in lamina I of the MDH.
All these findings revealed the involvement of PPTB- or NT-producing neurons in local or intrinsic regulation of
nociceptive information transmission in the MDH. Although the exact roles of PPTB- and NT-producing local circuit
neurons have not been clarified yet, the present morphological analysis of those local circuit neurons will help the

understanding of the mechanism for nociceptive information transmission in the MDH.

Key Words: Nociception, Medullary dorsal horn, Local circuit, Preprotachykinin B, Neurotensin
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Medullary dorsal horn (MDH), which is also called the caudal subnucleus of the spinal trigeminal nucleus (Vc),
receives both primary afferent fibers that transmit noxious information from the oro-facial region and projection fibers from

the middle-line structures of the brainstem which regulate the nociceptive information. Unlike the spinal dorsal horn, which
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is structurally and functionally identical to the MDH, the chemical architecture of the MDH has not been systemically
investigated yet. This time, we have done some research works on the chemical architecture of the MDH by using
immunohistochemical staining combined with neuronal tracer methods, and by double or triple immunofluorescence labeling

method.

M|EFE
Male Wistar rats were used in the present studies. Under deep anesthesia, some rats were injected with neuronal

tracers for retrograde labeling, or formalin for painful stimulation. The rats were fixed and immunostained as described in
the references (£ CER S H).

B R BLU EF 2!
1. Chemical architecture of the medullary dorsal horn
(1) Preprotachykinin B (PPTB)

By using immunohistochemical staining technique, we observed a quite special distribution pattern of PPTB-like
immunoreactive (PPTB-LI) neuronal cell bodies. PPTB-LI neuronal cell bodies were mainly found in lamina I, especially in
its inner part (I1i) where sparsely distributed PPTB-LI neurons formed a line which separates laminae II and I1I. In laminae I
and III, only few PPTB-LI neuronal cell bodies were seen. PPTB-LI terminals were densely observed in laminae II and 1.

By using double immunofluorescence staining method, about 30% of PPTB-LI neurons in Ili were found also
showing immunoreactivities for calcium binding proteins, e.g. calbindin D-28k (CB) and calretinin (CR), but not for
parvalbumin (PV). A few CB- and CR-immunoreactive neurons showed PPTB-like immunoreactivity. Over half of the
PPTB-LI neurons in lamina 1 exhibited neurotensin (NT)-like immunoreactivity. Since neurokinin B, a mature peptide
produced from PPTB, is the endogenous agonist of NK3 receptor, the relationship between PPTB and NK3 receptor was also
investigated. Some PPTB-LI neurons in both lamina I and Ili were found to co-localize with NK3 receptor. PPTB-LI
neurons did not show substance P receptor (SPR)-like immunoreactivity and only a few large neurons in the trigeminal
ganglion showed PPTB-LI. After noxious stimulation induced by injecting formalin into the oro-facial region, c-fos gene
expression products FOS protein were located in the nuclei of the majority of the PPTB-LI neurons, suggesting that PPTB-LI
neurons might be mainly involved in the regulation of the oro-facial nociception. Now, the ultrastructural localizations of
PPTB and NK3 receptor, e.g. auto-receptors of NK3 receptor on the pre-synaptic terminals, the distribution of NK3 receptor
on the post-synaptic elements, the relationship and synaptic connections between NK3 receptor- and PPTB-immunopositive
structures, have been carried out. We will soon get significant results.

(2) Neurotensin

Neurotensin (NT) is a previously found neuropeptide in the nervous system. Recently, it has been found that NT is
closely related to the nociception. By using immunohistochemical staining technique, NT-LI neuronal cell bodies were
mainly found in lamina II, especially in its inner part (Ili). In lamina I, a few quite large NT-LI neuronal cell bodies were
observed. NT-LI neuronal cell bodies were hardly seen in lamina III. NT-LI terminals were densely
observed in laminae I and 11, especially in lamina II.

By using double immunofluorescence staining method, about half of the NT-LI neurons in lamina 1 were
colocalized with substance P receptor (SPR). After noxious stimulation applied by injecting formalin into the oro-facial
region, FOS protein were also located in the nuclei of the most of the NT-LI neurons in lamina I. Under the electron
microscopic level, we observed that over 85% of the synapses formed by NT-immunopositive terminals were symmetric
ones. By double-labeling technique, we also found that the majority of the NT-LI terminals made symmetric synapses with

the neurons in lamina I which were labeled by injecting WGA-HRP in to the ventral posteromedial thalamic nucleus (VPM)
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or lateral parabrachial region, including the Koellicker-Fuse nucleus. These results suggest that NT-LI neurons might be also
mainly involved in the regulation of the oro-facial nociception, but not transmission.
2. Fiber connections

By using fluorescence retrograde tracing combined with immunofluorescent histochemical staining, we previously
found that some preprodynorphin (PPD)-LI neurons in the MDH sent projection fibers to the VPM (ref. 90). This time, we
have observed that FOS immunopositive PPD-LI neurons induced by oro-facial noxious stimulation projected to the lateral
parabrachial region. This result suggests that PPD-LI neurons in the MDH are involved in the oro-facial noxious information
transmission from the MDH to the lateral parabrachial region.

Neurons in the supratrigeminal nucleus (SupV) have been demonstrated belonging to the brainstem pre-motor
neuron pool for the oro-facial motor nuclei, especially for the motor neurons in the trigeminal motor nucleus (Vm). In the
Vm, we found that GABA and glycine (Gly) coexisted in some terminals which made close contacts with Vm motor neurons
labeled by injecting WGA-HRP into the masseter muscle or masseter nerve. After injecting BDA into the SupV where some
GABA- and Gly-containing neurons have been encountered, BDA anterogradely labeled axonal terminals have been found

“in Vm on both sides. By using immunofluorescent triple-staining technique, a few BDA-labeled terminals also showed
immunoreactivities for both GABA and Gly. The present results indicate that GABA and Gly might coexist in some neurons
within the SupV which project to the Vm on both sides. These results indicate that GABA and Gly might coexist in the
neurons of the SupV and these GABA/Gly co-immunoreactive neurons might innervate the motor neurons in the Vm. Under
the electron microscopic level, we have observed that GABA- or Gly-LI terminals constituted symmetric synaptic
connections with the motor neurons in the Vm labeled by injecting WGA-HRP into the masseter nerve or masseter muscle.
The synaptic connections between GABA/Gly coexisted terminals and Vi motor neurons are being investigated now.

According to their chemical natures, GABA neurons in the globus pallidus (GP) including interneurons and
projection neurons could be divided into several subgroups. Among them, GABA/PV co-immunoreactive neurons belong to
projection neurons. This time, we have studied the PV-containing projection from the GP to the reticular thalamic nucleus or
subthalamic nucleus/entopeduncular nucleus. After injecting fluoro-gold (FG) into the reticular thalamic nucleus or
subthalamic nucleus/entopeduncular nucleus, respectively, we observed that about 35% and 20% FG retrogradely labeled
neurons in the GP showed PV-like immunoreactivities. No CB- and CR-containing GP neurons projecting to the reticular
thalamic nucleus or subthalamic nucleus/entopeduncular nucleus.

3. Electron-microscopic (EM) studies

Under the EM level, we have observed that GAD-, glycine transporter 2 (GlyT2)-, serotonin (5-HT)-containing
axonal terminals labeled by DAB reaction products formed symmetric synapses with SPR-LI neuronal cell bodies and
dendrites labeled by 1.4 nm nano-gold enhanced by silver in lamina I. By the same double-labeling technique, we also found
that the majority of the NT-LI terminals made symmetric synapses with the SPR-LI neuronal cell bodies and dendrites in
lamina I. These results suggest that GABA, Gly, 5-HT and NT might have inhibitory effects on the SPR-LI neurons which

receive noxious information from oro-facial region and transmit it to the higher centers of the central nervous system.
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IAXDERTAIWVATHBE FEERLTTIVA HIV) BREICBITBIIAINVAEBEOHENER = HF
§5729. b b THIKEANRY 23R8, BREEHMTOBEBRETORROELIZDNTH 600 FEED
FHEEERETEZP N T LVAICE > TR L. TOHE. #a vy 7EB (D3, FAS iz & 24 4E
DBEFIIRELRE 2 005 3 HCHARIREOWMER L, —H. IL-16 ZHIKHKTH o 7=0%, FOMic
REENERECMFH TN TOWAEABEEEFRIER IO /2. BREFREOEICOEBFRIIEED &A%
TLHHALSHTRAENDOD, HIV IBREHM SBEBETORBEICAESEEERIZLTNEHDEE
ANz, £z, HIVEE T v MEFIVOESIZENG /2 HIV BEe MNEETEAS Yy NAORBIC A RS
7 FOER BT 7,

Key Words TA X, b hEBEARLTULIX, BETFHRIHE, cDNA array, FI AT xz=w

#

iy

HIVERIC L BT Xk M THIRAMmMFBEY LA HILY) BPICKDHA THEA0E ATL) BIUOHF
ffE (HAM/TSP) ZRFBHZE ML MO N RABREETH D, EEREKEBELTL<ASNTNS, K
HIV ORBRRFERE L THEMZLEITTED., BE7 D7 - 77U HERETIIEEREOZDEIIR R
ETREEANBI>TWS, HIV L bOTALIIADEBELTEEY /) LARICHAAETNEZ MG,
RRP IS TIE F THERMBRIMMNEL, BRECEDETRIBIEIERLYAINA - BEBOHEERLBES
LTWBIZERASENTNS, LENS>T, UM NABRENSKEBOREREEEET 01213, BT
Yl ST X RBEROBICEEES T, BBEMRICIBITI B3I N ABGTFEELBEFRIOHEER DR
FOVETHD, —F. REEORIEBE TOMTICIIEYET I ERWE in vivo TORRLEETH 3,
LiL, HIV ORBRRICIBREEND D, TOZEENS UMV ABHECEDZ LT OMOE MEETF
MHERT=, RED L IAEUTHREO/NMET INIBIL T TN,

OO ERER, BRATOFAEIMEHIN TS —EIZZROEGTFORBEERETES DN
array ZAWE HIV BRICL 2 BEMRTOBE/BEFORLERT L=, £, HIVERETI ORI EB
Bz, HIV D SRS 1 ) X OFESITHER HIV BB MBI F O VA 2=y JRRBR IV AN 7M
fERILT=,

mEERE
1) Mtk
b T HIAEH HUTT8 Z vy, $53EITIE 10% 4R I2 MG ASIN RPMI1640 853888 & vy, 37°C5%C0,1 >
FaNF—-NTHEEEL .
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2) HIV ki

3X107 @ HUT78 #ifi2%& 2 peg/ml D polybrene 2% 2 ml RPMI1640 ZIN& 37°C5%C0,T > F 2Ry —KH
THRIMEL ., U CERHEBRE/KTHRES®E. 1ol O TR IV TS SF33[1] (TCID50 : 100) # %
IRA3TC T 2 MR & B /e R ERIZ Y > B A B A /K T 3 [EIYEHHR. 1096 4 2 3 7% in RPMI 1640
RERICTER LU, 22 bO—)LELUTIREIERL 7= HUTT8 2B e, BRESERII HIV EH ORRER
BONAANY—RNTITo 7z
3) RNA fiiH & 4258 cDNA ODFERL

BE% 2 H &3 HBEOREHTI MigH L ta > b o—)L HUTT8 #ifg=Edh & MagExtracior® —mRNA-
i+ > b (TOYOBO) ZMWWT mRNA ZHiiL /=, #Hi L7 mRNA & 2 ug A5 Gene Navigator™ cDNA
Amplification System -Biotin- (TOYOBO) %\ T biotin #E&% cDNA Z{EBL /=,

H N TVIAE—2a & 20OBRH :

10 ml @ PerfectHyb™iZ& > T Gene Navigator™ cDNA Array Filter —human immunology- (TOYOBO) %
68C20 DT UNA TV I A1 E—a %, 10005 HETEMEI B/ 100 ul #£5% cDNA ZinA 7= 10 nl
D PerfectHyb™AT 68°C12 BRIRIGE Bz, RIGE 0.1%SDS #hm 2XSCC (0. 3MNacl. 30mM 7 T > & b
7L, pHT.0) T68CH 53 3 EIPEH. & 5120.1%SDS &0 0. 1XSCC T 3 EIge#H: Liz. kD7 1)
& —ORSL 7= biotin BR3% cDNA 2 Inaging high —Chemilumi- Gene Navigator™ ver (TOYOBO) ic&k->T
N, CCD WA THEIBA A= T F 5 ¥ — (Fluo-S™Multilmager, BIO-RAD) THHIL. Quantity One?
(BIO-RAD) V' 7 b x 7 iz &k o THERIL. #RHFL 7z, |

5) BFHEARRRIC ATV FOEH

b MR M BREERD S (D4, CXCR4, CCR5. cyclin T1. CIITAE{ET D cDNA BX (M4 JOEF—4—%
R AS—FHERI (PCR) KT/ 0—=2F k. JO0—Z2 7L EENTNOBEGTFIIDNA S —I T
ATEDEERF 2HRB L /=%, CXCR4, CCR5. cyclin T1. CIITA BEFREFNENTTA H-2kd 7OE
—Y—EHOREICA NI MRIICEALE. —F. (M TOE—¥—%2T UK TOE—F—&
BRLAERI Y- (M4 BLEFEEA LR, HRENOZE S RBEORBIACA NSV MhsENENT
OF—&—mn5poly AT FINETCEEORIELI-y MERIBREZETIDHE L. pUCLIY IZ CXCR4 H5 1N
{4 CCRS & cyclin T, CIITA & (D4 DFNFN L FBBEORE Iy hEHEDIART Y f"éf_‘ﬁﬂbto
ERULERBOCARS 7 M, Sy MRSESFRRK I IS A 720 a L, ¥EEEHE (RD
PRIZE > TENTNORBEZHERAL =,

b= S .
1) cDNA array ZfVyiz HIV BBIC L BB ERETOREOLELL
HIVE 2 H# (M 1B) BLU3HE (M1C) TORKEHITIS Migic B 2B ERETFOREDOEL
ZIERRA: HUT78 MM (B9 1A) & cDNA array iIZ&» THBL /&,
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2) BRFEARREAICANS 7 FOEH

WEETO invitro DERNS, Ty MIRBICHIV 2R3 E, BEESIVANAEEEIRZED
WA EH 4 BEOL MNERFARETH -2, T HIBREFHE HIV i L Tid CD4. CXCR4. cyclin T1,
CIITA. 27 O 77—k HIV Tid (D4, CCRS. cyclinTl, CIITA TH%. Lizdt>T. Thd5ENFN
4 BEOL MEGRTFERARICRR TSNS VAP 2y JEMERAOI ARSI "RREERS, T
DEGEHREEIEZED., ThEth 2 BEOBEFREALI=y bEHFEDOAAMNI I B
pUC119/CXCR4-CyclinTi, pUCI119/CIITA-CD4, pUCI19/CyclinT1-CCRS ZfEB L /= (K3) . &9, (D4 LISt
DZFNETNOREFIZONTIIYU X H-2kd TOE—F —2FHDORBRRY ¥ —ITHAALE., (D4 BEF
ZONWTH, H50UHITAR-K TOE—y—%Fizicro—= 7Lt (D4 TOE—F—IZ@E
BLERBERIY—ICHBRAAE. RZENENNSRELIZy b (FOE—F—05 polyA T FIVE
T) Z2ELLHBREZTOOHL, pUCIIIRIY—IZR 3 DL BBAEDOETHISAARE, TEHMN-
EERBEICANI Y NESy MIRICEEFEALULER, SBEEFO oRNA E#HAS RT-PRICK > TH
Ranrk,
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B3

{ pz&g_ e| hCXCBA .., pnoznlfu hCpeln T1 Y

pUC119/CXCR4-cyclinTl 120K

o o] BCITA  fueol Al pisitbe [m]  hEDI  fu o]

PUCIISMCIOTAKCDS - 134K

fpﬂrfu ol nepein Tl [ 2oAle] oo ] heCRs el bl

PUCLIOMCYINTIRCCRS 126K

£ =

HIV BEHREICDONT, UMIIAEENICHEEST 5EMNOBERBEFEOHEEAIIDNTOREIZZH
HBHDD, cDNA array ZANEL S REROBEBEFICONT, HIVRRICH I REAOEENELER
HL72MEIDIRN, Geiss HIdE b+ THIfEHE CEM 2 AW T, HIVEREZTWEERICHB I /K 16500 f&
HOBBFITOWTO cDNA microarray #1727 [3]. T HIlERA{kas (TCRa) % receptor-interacting
protein 140 (RIP140) , CD8-c precursor 72 & I MEDBEGFOFREIEIM & prothymos in-a* type IVprotein
tyrosine phosphatase (PTP) 72& 10 BEHOBRETORBMHE ZRL M, 1.5 FULHEZNWIT /3 LUTE
FELLTVZEAPREYE 2 ARHDINIE 3 HEOEE SN —FTHEOEEBI THNITERLL TSR
NEEDORL DHEIEL R D, BLOERTHARLHUETELOR U BETOREYAR T, ARICHHE TN
EBEFIIERINEM o7, EEBL THERLHELZBETAIC Geiss 50OHEE—BLEBREFIIR
SN7zno7zM, T(Ra® (D8~ TidEH: 3 HETENEN 2145, 3.5 {Z&W@mMLTHD., FHLAETYIINR
BOMRE SICHERERS D ODMES SRR ER 7. LMo T, cDNA array kI3 H B —EDE
ETBIRAE, MRVBEEOBVWAETHZEEZSNE. TOMOBEFIZOVWTIRA—DOBRETFO
BRENELS, T E o7z, SEOFHRLOMETIEIT Oy FLTHAHBETFEIZ 600 EELE Geiss 5D
EA L7z array O 1/3 &473<. BOBADHEEMEDHFREZE L M- IcbBH 5T, FRALEREWRE
RUEBETFERIZW 2.5 FE&2<, HIV BETIRRRARO AEHERRTFNLDZ ELBNEEEZT
TWBATREMEMNRB I N, TNTNOBETFREAORILOBRBRREO L IALTLBHSMTIERND
Do, HIV ZBEEHM SEEREHERBETFORBICKEEEEZRIIL THD., SHROFMIZBEITAIW
BETH5,

HIV CRERREEEDODH D T v FE2ERT DI, D7 ed 4 BEO HIV ZRREHEE MEETF 2 R
KREHITBEI ATy I Iy bEBLLARTNEIRS AW, LT, ZOEMICIIZFNENORE
BAARS 7 b EENTNIEICEALE NS VAP 2oy 2oy MEBML, IRV 2w o 5
v FEBITELETERTZHEE—DDIAA NI NI L BRORELI-y bEAN, BRTFEAT
BZHENEZSND. UL, fiIETIRATIVOBGOENNSEL TKREMIHRHBTES Ty MERIL
TEHOREET, BEOFHIETIREMMICERL TN RS ANENBN, T TRLETNTH 2 B
ORFEI=y bEHED 2 DORRIAZA RS/ MeEBL., TOMAERAMICYI /0> F 2y atT
5ZEELT EEL/-RE I A NS5 b pUC/CXCR4/CyclinTl, pUC/CIITA/CD4, pUC/CyclinT1/CCRS iy
THHTy MIRANDO NS VA7 3 > TENEN L BEOBETRENEZIN. AT rIOq0
PV iareARlEiRED 4 BEOL MNEBTERBETA NS ATy Ty NOEENAREEE
AbNi,
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— HHEZRHaBRESRE —

FHCOEHEHET J0MEHRoOT V57 « — KBS K
DEYFEBRENOIGAIL

hsedE K& 8 #F

PEFEEE  PEERKRE BREZR 2R
HAMMFHERE  BRIAFEES BEZFEE
58 HEEF g Oy T
HEERZER R =

s
AFBETEY L ZNVEBEME L EREFEEO_OFE»S. ~y RAR—X (Head-Space, HS)
/E# 3 2 o (Solid Phase Microextraction, SPME) /X7 o< 7357 4 — (GC) IBEEAHE (MS)
(HS-SPME—GC-MS) B3 282 KT T &, ZHEBTHEICESH Li=EKRZEHR MDMA (3,4-
methylenedioxymethamphetamine-d5) =N FREPE L LTHWT, BHHI ¥ okEEINE
FERY. YBEZOMERN. RUHEICBIT 2REXFERAEOEBERAMEZN G L LT, SPME BB
Bevr 7VESEFERREIT o . FRBEREERBOSHFEBNWTERATHZILEILSNS,

Key Words ELAZ4, MDMA-d5, HS-SPME-GC-MS, B# a4k

%

[l

E48 3 o of 4% (Solid Phase Microextraction, SPME) X#HrLwhHxr o2 v/ 574 — (GC) A
OREHHL. EBHE, BAETHH., AV ST EERHFASERICER. FHRARE2ERET. GRET
BECAHNATFNTEILVWIFHER > TV S, BEE TR, ZLOMBREBRBLEVWSECORAREL
OWTHERELTEY., SPME ¥](iEZ7 09 o274 — BT 2HAMABLBAOEBERFEO—DL L
TEELELEZ 3.

SPME Q#REERNVE— (FW) &7 705— (§) THBEEATWS. AROME & #FE 7 7 1 /8
—DEBEIZFVWTWAEEHETITON S, SPME OffHBEREFEM (MEPRZRY) 2nwhiz/N4 VRO
Flz7 74 NN—2BHIET. EFEZEE. Wi~y R AR—2X¥ (Head-Space, HS) DETITS. &
HiZo o LBEREDOFEDBELZNTWED T, KiE SPME o xHe LT, EBYPORE. HEBREOS
BTEETI L IRz, Dhvbhd, SETOWRRERMPCOF % (HS-SPME) 2B X2 THELGNT
Wi=sDTH 5[1,2)

X 5z, HS-SPME OE#H I 7 ol A Rr70v /574 — (GC) /EEMFE (MS) LERT
niE (SPME-GC-MS). i, 8. BMEP—E&izR2LEXONE. SETIODLIIREEGTELSNRT
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WBXEDE W, LAL. ZDODEEIE>TWS, —Dik SPME il BAMSREZ BB LRI hiER
SRWEZANMAFTPEEL TS, BEICEB Iz LrWwe, BREMHECRZBADNH S, Lizdo
T. SPME HiliEOEBREZHEOEHEBLIFTNERVWOTCERVWIEE IS NE. $5—D2& HS-
SPME %(0OpEEHFL LT, BN SDERECRITNESHITERWTI L TH D, BIKRLEFED
SHICE. REOBEEREOITWENFELTWS, HS-SPME 2 Zho0YREICECIHAEIE 22
i BHMEFEET2LOCTRTIRLEDNDH 5. CORIEZDIDVT, HLEWAWEREAEIT-72(3,4,5,6]

COMETEULDOZDOFHE»S HS-SPME—GC-MS k2B L. RO EE LHEKO L, BE
Shi=%Ea SPME O BB ATRBEEFELZ. TREAWT, SWEF 2L T3, WAWSRFTRME
SN0

R&EFE

WM& 1. BRiE. AEECRREBASFEGFONMEEYE & UTEAKEEZEHR MDMA (3,4-
methylenedioxymethamphetamine-d5) Z HATHIH TERB L[T]. BEEAOFNRBID S A HE L Lz,
2, MARBELVI —DPLIREINEZRERTCHZNRSa- e EOhOBEOAEE L LTOY OO
7 =1 (Dichloroanilines) OHREWFIH L. 3. BUMRTREINEHL (B2, IE. SBEH
M) TEMEI L. 4, oI, PETREEAEHREDOEEL4 64 (K18, B28) 2T/ Lk,

JE B QP—5000 R EE. H> L XTL-5 (Restek 4, 30 m x 0.25 mm, BEE 0.25 pm). &
B dEAO 250°C, A5 LA —7 %8 70°C (1 min), 290°CE ¢ 20°C/min ORBE OIS h, £ 5 —7
x—2260C, ¥F¥V7—HRX :He 1.7 ml/min (—%E). PEERAF¥>E—F (50-650 amu /0.35 s cycle)
T2

HE . FEELRERARE, BEh~7y 70t 0-n-7F0)) (HF B-Cl), AHEEyE (IS)
methamphetamine-ds;o SPME @ fiber : 100-pm polydimethylsiloxane (PDMS), E &) SPME ffjHHZEE : 7 — b1 U
x. 2 % A0C-5000, HS-SPME : SALFEERROF Iz, 544 0.2 ml RIS 10 ng 2 AN, S4FIICL>T. Vv
BEEmmREMA /=0, pH ZFELED, RGHEFEE (10 u) HMLED LTH S, TJLRTHEHL, -1
AUV TIYIDEBIEEZX D A— M1 UV OBIMHIEFIZ. FHER 60°CRE L. 1 4MFIEL T,
fiber # Z DKM 20 SHEZH X, GC-MSICEAT 3, FAOIZ 3HMHIET 3.

R

1. BRESHEY MDMA-d5 & _E 3058/t HS-SPME-GC-MS H#IF T DR, oF (4> m/z 394, &
CISTAY ML A m/z258, m/z213, m/z 164 . m/z 163, m/z 136 DEEBA F > ERTITIARYT p
2K L. MDMA O D=8, BELRERRAAPEENE TCHLI I LPEHO R o,

2. 0/0u7= ) VEEOPOEROSBRENL LT, RRTBOREYWECH S, 6 EMEMK
(2,3-.2,4-2,5-,2,6-,3,4-,3,5-) OFIC 3,4-,3,5-0HM—Fk\W. HF BiEE{AD SPME HEHFEEMRETL
EER, BOVEEMOEET, RPHFBHEADOHS—SPME S IETETH 2 LED =, 34-P 700
7D YDEE. FERA A IE m/z2359, m/z357, m/z190 . m/z 188, m/z 162, m/z 133, m/z 109, m/z %R
LOBRLE, BARSROBETEORMIICINHATRETH 3, —FH. MRLRPORERTHZ /73—
FOARERFEEORD Y, HFKOBREZIFALTH S, FOERML2FEE L=, HS—SPME H##
iz BATREIC R o7z,
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3. BEFIRTKBE Rz of, SRSABTORENE8IZHF BiFEAD SPME HEAFik:
BEt Uz, A2 RICHBL, MEXH2HAS LT, HBOFEBLCEA LR, EATHRECERS &,
T Do T\ Do REMDTCATVWT, ANBERHBEEICLEHNTE 3, BEOR S FLE
TEIOERETH S LAE L=,

4., HEEFRFERAREE (REAHERE) 0. 46HOHF BFBAOH S—SPME S#fsR.
Ja¥ MDMA »#ii Lz HETEBEOREROSERE Uz, X o> T, KEEAl (anphetamine &
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Abstract:

The aim of this study was to investigate bone formation, by employing a tissue
engineering method, and the effects of a combined pattern of biomaterials and bone
marrow stem cells on osteogenetic ability. The project consisted of four sections: Bone
formation potentiality of bone marrow stem cells (MSCs) in vitro; biological behavior of
MSCs in three different complexes combined with biomaterials; in vivo bone formation
induced by rthMBP-2 and TGF- G combined with CBB and PEO-PPO-PEO complexes;
observations of the bone healing and revascularization, which was enhanced by tissue
engineered bone in vivo. Our results showed that: SD rat MSCs have great bone
formation potentiality; seeding MSCs on the mixed CBB and PEO-PPO-PEO various
complexes were the best for the construction of tissue engineered bone; observations of
the bone healing and revisualization enhanced by tissue engineered bone in vivo. Our
results showed that the CBB and PEO-PPO-PEO complexes are best for in vitro bone
construction and rthBMP-2, TGF-8 can greatly enhance the speed and quantity of
bone formation.

Keywords: Revascularization, Tissue Engineering, Bone, thBMP-2, TGF- G

Introduction:
The aim of tissue engineering is to investigate and restore tissue and organ

- 104 -



substitutes. In this study, bone formation was investigated by employing a tissue
engineering method. The effects of a combined pattern of biomaterials and bone
marrow stem cells on osteogenetic ability were also studied.

Materials and method:

1. SD rat MSCs were cultured in vitro by an explant method, then were cultured in
mineralization-conditioned medium for 5~ 10 days. Cell | proliferation ability and
alkaline phosphatase (ALP) activity were observed. The bone formation potentiality of
MSCs in mineralization-conditioned medium was investigated by von-Kossa staining.
The secretion of collagen type I was investigated by an immunocytochemistry method;
2. SD rat MSCs were subcultured to 3rd passage and cultured in mineralization-
conditioned medium for 5 days. Three different kinds of complexes were constructed;
@D ceramic bovine bone (CBB) and poly(ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) (PEO-PPO-PEO) were mixed together, and the MSCs were then
seeded on the complex; @ MSCs were resuspended in liquid PEO-PPO-PEO and then
mixed with CBB. @ MSCs were combined with CBB and then mixed with PEO-PPO-
PEO; @ MSCs were mixed with CBB as a control. The biological behavior of the MSCs
in the different groups were investigated at 5 and 10 days. The proliferation ability of
the MSCs was investigated by cell counting. The attachment and growth of MSCs on
the materials were studied by SEM. ALP activity and the expression of collagen type I
were measured by an immunocytochemistry method;

3. MSCs were cultured, expanded and induced in vitro, as mentioned above. CBB was
ground and sieved. Cells were resuspended with PEQ-PPO-PEO and then mixed with
CBB. There were two groups; @ combined with thBMP-2 50 g/ml and TGF-G
50ng/ml, and @ combined with thBMP-2 50 ¢ g/ml. Then the complexes were
implanted subcutaneously in the backs of nude mice and investigated histologically at
2w, 4w and 6w intervals;

4. An SD rat model of critical size calvarial defects will be established and artificial
bone made of MSCs-ceramic-PEQ-PPO-PEO will be used to repair these defects (study
still in progress).

Results: ‘

1. After 5 days of culture in mineralization-conditioned medium, the cell proliferation
ability was greatly decreased, the ALP activity was enhanced, and collagen type I
staining was positive. When cultured up to 10 days, von-Kossa staining showed there
were calcium depositions with a nodule shape;

2. These results clearly demonstrated that at the same time interval, the proliferation
abilities of groups @ and @ were better than groups @ and @. The results of the
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SEM study showed that the attachment, growth and secretion of collagen in group @
were better than it was in the other groups. The results of the immunocytochemistry
showed that the expression of collagen type I in group @D was better than the other
groups, and there were no differences within the other group. In regard to the ALP
activity, there were no obvious changes between group @ and @), and no differences
between group @ and @), but there was more positive staining demonstrated in group
@ and @ than in group @ and @. The cell numbers, attachment and growth, the
expression of collagen type I and the ALP activity at 10 days were all better than those
at 5 days.

3. At 2w, the implantations were white, smodth and flexible, about 1.0-1.5 & m thick,
surrounded by fibrous membrane and had irregular disc-like shapes. Histological
results showed that there were bone matrix-like tissues formed inside the complexes,
and blood capillaries were seen inside the tissue. The tissue formations in group @
were better than those in group @. At 4w, the results were almost the same as those at
2w, except that there was more bone matrix-like tissue formation. The investigation of
the 6w groups is still in progress. At each time point, all of the groups combined with
rhBMP-2 50 4 g/ml and TGF-£8 50 ng/ml had more bone formation than those
combined with rthBMP-2 50 1 g/ml only.

Conclusions:

1. SD rat MSCs have great bone formation potentiality and can be used in the
formation of bone constructed by tissue engineering;

2. Seeding MSCs on the mixed CBB and PEO-PPO-PEO complexes were the best for
construction of tissue engineered bone;

3. Adding thBMP-2 50ug/ml and TGF-8 50 ng/ml can greatly enhance the bone
formation ability of the mixed CBB and PEO-PPO-PEO complexes.
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51 FHEICIERD TH o7, FEOLOBRBIIPEFE TEINLZLOT, BEREDOEZRLENE
IFBEEZRFOFRIRL T, BEBYUEMMESLTI V FE2HEBEL LTV, HHBII TSRV
2K Y LOLNYRTVEET OHP 2EWV AR OIToNZ 2 TER LEEMITTXTRERREBLT
&, PEHERECIIRAEEZ T TERSFERICORNI L HEVWTWEZ0T, T& 3R EBOER
HLEE Lz, AAEI—ADRELEIEXHEBL AV S TRNFICRB LEBELEN LS ThoTole
D, ZDE I RFEHIRE L TL oo P EAZBICPERBTHELTOL ) FEEEA L, £,
EE4AL LTIEINBERFEEOEEREBIIFERRY BAFBLHAALTELTY bolk, (KERMEITF
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PIEZ L EZFUMA D LT HBHIIHHICH X B> T& 7, REMLAILE 8 : 00 Thons,
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ShTWah., BRERBOECRDEIL, BREMAEL. BEREL. FRNBEVGE, RBKELEIR
BHoTWHIEMRESATEY ., BRACERTBORHRR. RECE - 0 - BECREROER. T
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RPEAMBREEFMICREFTIRES L VQEKEEHEZENE LT, ARBELEELRLT ) KM
IZDOWT. RRPADHM/IN2—2ZBRL., SHITORMED EEPBREMBOEDRT, EXTEEE -1
(BILTWAEWLBEORR. KAKCENL EDEFTREBEMNIELUVERBENOER. RELEOEHK
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- 15 -



R EHE

WHE: ORMEOTEHBIZEEL. cERBHMS~25 FDRECHEDLBEBE 1648 (BHE74. %to4A.
EHER I IR SLURBE 1648 (BEFLR—MRICEORETBES L. X84, THERL0.18)
o, BIEERT,. RRAHOBRHRERHLY, REBHICHMTIENL, BATHRT 2EFTHAREL .
QREEMICEBEL, AREZICEFRHELTLEN, EEFBERNE - BHOAGNMBBICEEY
ZREANRO~IR14B - B6A, K84, 10~19R5B:B248. KIL; 20~09R6K: B3R, X
3B NBULSEZ:B14, X48) 2HRICHE, 8&. KE. WELEO—RRE L. HoM LHER
LT -B4EE - FRBE. FEE. RETREEE. EEERNEARBEOERICEVTMENYEE
{71, RFIC, HEMAEELTVLSRG. B, LB, Bk, RFOK. &K, a512, 8. R L%
HEOREZ#TERRLE,

HEATESH: RREUVEZRIREICRER L BBIEKEMR. T4V QYT —TF—T > (MLS-1200MEGA,
Milestone, Italy) 2T, ZEAMERXBX SRR L. mil-QKICT—ERIZERZL. ICP-MS (PMS-2000, #5175 Y
FA NI RTL) Fild ICP-AES (SPS1500V, £ a—RBFIH) ZAVTTEREEZRELEY.

RILT ) o534 *%#ﬁﬁb#ﬁﬂﬁﬁbnvh7774-ik$ot RRPDRNLT 1Y) %45
=LY,

S—73I/LTY) K (ALA) DOFIE : Dowex 1 3 & U Dowex 50 4 4 L itlEE ALV -EESOAXKIZK -
TRIELEY,

REHEE : S4&E0 - FREE. FEE., REFREBESLIURRPBEREZHoMLOHMERL. THICT
MEMYRBEZTo- (BEABRERHEE LTERERORRICHFI L),

% R
1) BREAScRDEBEORRPRETREFMICET 585 :

Reh £ ERED mean=+SD (XBEH Tl 184.4+200.0 11 g/g creatinine (F#) 160 g/L) 1ZH L THRBET
[+ 86.8+64.20 1 g/g creatinine (¥ 64ug/L) THY. MHEMICHMHOICHELENR S5h=(<0.05) (&
1. OB TETIE. % 1. Flement concentrations in urine

Patients Controls Patients Controls
Cu,Ga,Sn OREITE (n=186) (n=18) (n=18) (n=18)
< - - Al ND 419(ND-7.96X103)a Mo 2554158 3324328
ERIARICE S h As  184.4:+200.0% 86.81+64.2 Ni ND 29.5(0.6-805.6)b
IZTRLT. Cr,Sr,Rb,Ti  Ba ND 3.5(ND-1.09X103)a P (549£2.18)X105  (4.60:£2.35)X105
s . < Be ND ND Pb 31.0+294 19.7+£355
D REGHEED ;ﬁ'ﬁ Bi ND ND Rb 9451+382%% 1,916:+:838
IcEhot, £t Ca (1.25+0.57)X105 (1.62+0.94)X105 Sb 4.8(1.2-97.3)b 2.3(0.5-6.4)b
. Cd 5.2+6.6 3323 Se ND 26.3+16.4
AlBa,Mn,Ni,Se 33 o 35.2:£32.9% 81.0+64.7 Sn 437439 8%+ 129496
BTl shT- H. B Cu 94.71+67.8% 423:+19.2 Sr 131+£67* 448+216
. Fe (1.10%0.44)X103 (1.45:£0.69)X103 . Ti 7.548.4%* 23.2+148
ERTRRUEBALT g0 42+330 1621.1 v 149497 157107
TH-o1-, Mg (0.90+0.48)X105 (1.2740.63)X105 Zn  (5.8516.54)X103 (4.33£4.41)X103
i _ Mn ND 12(ND-295)a
1 L.?\ﬂ’.ﬁﬁa)ﬁ ND, not detectable. All values are expressed in g/g creatinine;
— the data are mean+S.D., except for the ones "p<0.05, 0.01 as compared with the control
7]:*’& 100%& L 1= marked with “a” or "b". a, median (range) b, geometnc mean (range).
BOBREROEEE
#xR L2, CuGa,
Sn ORENBEH _
THECBERE H
WA, ChizsE &
B<. BROMBE E
BMELTEXRELED
IEMEh. Rebi
\¢
MAMT 3D & PIF TP IR GLPLEP TN LIS
BbHhdN, £XER ' Elements in urine of patients
& ED ﬂﬂ bed liﬁ ﬁf; B 1 Relative levels of the elements in the patient’s urine. The average values of the controls were fixed

at 100 (umts) and then relative values of the average concentrations of the patients were calculated.
*p <005, **p<0.01 as compared with the controls. ND, not detectable.

- 116 -



HEEREREEAENM >z, £, S;,Cr,Ti,Rb NBERTHEIZET L. ALBa,Mn,Ni,Se DEXFKREL
BHBRUTTH =N, cERELOBICEELBREIROA M,
REDEEREIIBERTIX2.07x1. 751 g/g of dry feces (mean=SD) IZxf L T B TIL0.83+£0.46 1 g/e
THY. BEREEMNES I (p<0.05),
2) ARRRN-HRPBEEORRPARILT 1 DRMEMICET 585 :
RepBL 74 ) VEMEE BRIV 74V VBB SV ALA REICIIBER EMNBROTYBEIZIIERLELL
Motz (&2), LML, RIISRLEKIC, HBREZHNT2HICHT. ERBRELEEBRLIO ) VREL
OEBERERHLI-ECS, BERBHOTORLI 2 ) D IRESEK, ZHOAFY-BLURV S~

B2 Urinary porphyrins and ALA of arsenic poisoning 3¥3 Correlation analysis between urinary As and urinary porphyrins
patients and controls (/f g/g creatinine) along with ALA in arsenic poisoning patients and controls
- - Coefficisnt of correlation with urinary arsenic (r)
Arsenism Patients GControls Mals Female
{n=18) (n=16) Patients Controls Patients Controls
URO (I+ I 2323 £ 114 2482 + 13.13 n=7 n=8 n=9 n=8
HEPTA (1 + II) 8.01 = 557 794 £ 634 URO (I+ I) -0.4618 0.9875° 0.1329 0.3099
HEXA (1 + II) 090 £ 195 161 = 466 HEPTA (I + 1) -0.4863 0.8866° 0.1230 0.0975
U-peak 1 (Rt=8.81) 219 £ 219 167 £ 218 HEXA ( I+ II) ~0.0533 ND 0.7725* -0.1614
U~-peak 2 (Rt=11.42) 043 = 064 060 = 0.86 U-pesk 1 (Rt=9.81) -0.2841 -0.1219 -0.0121 0.7273*
. PENTA I 081 = 064 087 £ 11§ U-peak 2 (Rt=11.42) -0.4023 -0.2217 -0.0405 -0.2748
PENTA H 0.11 £ 046 034 + 045 PENTA 1 -0.1438 -0.5011 0.7253" -0.1784
U-peak 3 (Rt=14.37) 236 £ 1.98 313+ 174 PENTA II ND 0.7849" -0.2045 -0.2551
COPRO 1 1625 + 740 1952 + 7.26 U-peek 3 (Rt=14.37) 0.8617" -0.4538 0.0083 ~-0.2435
COPRO II 24,68 + 22.30 2050 + 14.74 COPRO I 0.4698 -0,0820 0.1061 0.1265
U-pesk 4 (Re=15.77) 020 + 035 014+ 031 COPRO I 08200°  -0.3444 -02721  -0.2590
Total porphyrins 79.18 =+ 39 81.16 = 36.14 U-pesk 4 (Rt=15.77) -0.2248‘ 0.0266 0.2297 0.8868
Total porphyrins 0.9893 -0.4734 -0.4304 -0.3555
COPRO II/COPRO I ratio 168 = 1.58 107 £ 0.0
COPRO /URO ratio® 201 + 146 183+  1.41 COPRO/URO ratio 0.8778" -0.4436 -0.3913 ~-0.5181
ALA 12215 + 266.7 12738 + 3030 ALA 07504”00451 00208 0.7585"

» P<0.05 A:P =005

Veluss represent mean:t SD ND: under dstection limit

ALA: & -aminolevulinic acid ] URO: uroporphyrin )

osttineismmbaissosiou HOPRO! ooyt ANREINRILT 4 U2 1 BB, HRHBHEOD
L 1. A=, ATH—. AVSL-HLT ¢ ) SHBEED
“Porphyrin” t of an unk peak was calculated according to the ﬁgb{ﬁgénf:o -if:‘ %*!71'\?)[/7 « U >'i§ﬁ<’: L}

formula that was used for the nearest porphyrin peak.

ZEDIESHEETHY . BEROYOD—, HBHOHYO—, 2701 -RULT Y VIZDOVTIIHEELGEM
Rohit-,

RETIE, RITHERT 800
20 MBDORILT 4 1) M v [ Patients +
BHEh (H2). 20 W Controls] |
55 17 BENKRMOR
N4 oThot=. &
RLo74)oRIT. BE
BTlX7656+64.48ug
/g of dry(mean=+SD)IZ
¥L T, WHWETIE
41.67+36.03 1 g/g of
dry THY. HEEE
MR 5 h1=(p<0.05),
BIZ, RUAHLEF
UIWRLTa) e
HEOXRMABILT 1Y

]

Relative concentration

000N 2.0 .0 & .0 .0 B &
P X e @

W & & &
O’QQ’Q

Porphyrins in feces

COMEBNELL. = ] 2 Comparison of the average fecal porphyrin concentrations between the patients and controls.
* The average values for the controls were fixed at 100 (units), and then the corresponding relative
DA, 41 BEITIESE values for the patients were calculated. *p < 0.05, **p < 0.01 as compared with the controls.
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Abstract

ASC (Apoptosis-associated speck-like protein containing a CARD) is an adapter protein containing two interaction
domains, a pyrin homology domain and a caspase-recruitment domain (CARD). ASC forms filament-like aggregates
during apoptosis induced by various anti-tumor drugs in HL-60 cells (Masumoto et al. JBC.1999). It is reported that
aberrant CpG methylation is involved in ASC gene silencing in breast cancers (Conway et al. Cancer Res. 2000). To
investigate whether ASC also lost function in other cancers, we surveyed ASC expression and its methylation status of
CpG island in human melanoma. First, in 12 human melanoma cell lines, westemn blot analysis shows that 7 of 12 express
lower or little ASC protein. According to methylation specific PCR, 2 of 12 cell lines were completely methylated and
failed to express ASC. 5 of 12 cell lines were partially methylated, 2 of 5 methylation positive cell lines express lower or
little ASC levels. Furthermore, immunohistochemical staining showed that in 28 cases of human melanoma tissues, 21
cases (70%) ASC expression density was lower than that in normal pigment and benign tumor tissues. In addition, fifty
percent (S of 10) of primary melanoma tissues exhibited hypermethylation in the CpG island of ASC gene. Thus, our data
suggest that ASC is down regulated in melanomas and the suppression is partially mediated by hypermethylation.

Key Words CARD, PYRIN, Methylation, Apoptosis, ASC

Introduction

ASC is an adapter protein that is composed of two interaction domain, a N-terminal PYRIN-domain (PYD) and a
caspase-recruitment domain (CARD), forms filament-like aggregates during apoptosis induced by anti-tumor drugs in HL-
60 cells (9). The PYRIN domain belongs to the death domain-fold superfamily that also includes the CARD domain, and
death effector domain (12, 15, 16, 21, 22). The PYRIN family members function in both inflammatory and apoptotic
signaling (9, 19, 23, 24). Pyrin was initially identified as the product of the MEFV gene, which is mutated in patients with
familial Mediterranean fever (5,6), a hereditary periodic fever syndrome characterized by episodic fever and serosal or
synovial inflammation. CARD (caspase recruitment domain) was identified as the region with significant similarity to the
RAIDD and ICH-1 N-terminal domains. ICH-1, Ced-3, and Mch6, all proteins containing the CARD, have been reported
to act in apoptotic signal (7).

DNA methylation occurring in cytosine residues in CpG dinucleotide sequences is a characteristic feature of many
vertebrate genomes (1). It is crucial for development and differentiation (2,3). ASC was reported by Vertino et al (called
TMS1) that aberrant CpG methylation is involved in ASC gene silencing in breast cancers, and suggested perhaps in other
cancers (6). In this study, we investigated ASC expression in both human melanoma cell lines and melanoma tissues. We
found that expressed low or little protein levels in some melanoma cell lines and tissues, we also examined the

methylation status in these melanoma cell lines and some melanoma tissues, some of them showed methylation. The lower

- 269 -



—HHREZRHR B EE—

expression of ASC in cancer maybe an evidence that ASC is a tumor suppressor, and the aberrant methylation in the CpG
island of ASC is one of the reason of ASC. This result is consistent with the result reported in breast cancer (6).

Materials and Methods

Cell line and Primary Tissue.

C32TG, WM35, WM793, MEWO, VMRC-MELG and A4/Fuk were obtained from RIKEN cell bank and maintained in
RPML1640 plus 10% FBS. A2058 and GAK were obtained from Japan Health Science Foundation, A2058 was
maintained in MEDM plus 10% FBS, GAK was maintained in Harm 12 plus 10% FES. HMV-1, HMV-II, SK-Mel-28 and
G361 were obtained from the University of Tohoku, HMV-I was maintained in DMEM plus 10% FBS, G361 and SK-Mel-
28 were maintained in RPML 1640 plus 10% FBS. HMV-II was maintained in Ham’s 12 plus 10% FES. Primary tissues
from melanoma were obtaired immediately after surgical resection at dermatology department of Shinshu University,
school of Medicine and frozen at -80C.

Bisulfite Modification, MSP and Sequence.

Genome DNA was extracted from Melanoma cell lines using the PUREGENE DNAIsolation Kit (USA, Minneapolis). 1
ug of DNA was treated with sodium bisulfite, using CpGenome DNA Modification Kit (Intergene, USA, NW), according
to the manufacture’s instruction. Following conversion, the bisulfite-treated DNA was resuspended in a total volume of 25
! of distilled water. Approximately 50ng of bisufite modified DNA was amplified by PCR, based on sequence differences
resulting from bisulfite modification, with the following reaction condition: 2mM MgCi2, 0.2 mM each dNTP, 0.5 pM
each primer, 1 units of AmpliTag Gold (Perkin-Elmer, Foster City, CA) in a 50 ul reaction. The reaction was started with 9
min, 95C, followed by 43 cycles of PCR (95 C, 30 s; 60 C 60s). Reaction products were separated by electrophoresis on a
3% agarose gel, stained with ethidium bromide, and photographed. Primers were designed as described by Vertinal et al
(5). The PCR products were purified with Geneclean II kit (USA, CA), and processed to sequence using ABI PRISM TM
310 Genetic Analyzer.

Western blotting analysis

The human melanoma cells were homogenized with an ultralsonicater, mixed with the same volume of double-strength
laecmmli sample buffer (laemmli 1970), and then boiled for 15 min at 65 C. These samples were subjected to
electrophoresis in 14% SDS-polyacrylamide gels. Proteins were transferred onto nitrocellulose membrane (Immobilon-P,
Millipore, Bedford, MA) with an electroblotter (2mA/cm2, 1.0h). Blots were blocked in TBS with 0.1% Tween 20, 1%
bovine serum albumin (BSA), 5% skimmed milk for 60 min, followed by incubation with primary anti-ASC mono-clone
Ab (1:1000) diluted in TBS containing 5% FBS and 0.1% Tween20 for 1 h at room temperature. After several washes,
blots were incubated with horseradish peroxidase-conjugated anti-mouse IgG Ab (Amersham Intemnational, UK) for 1 h at
room temperature and washed again. Immunoblots were developed using the ECL Western blotting system ( Amersham).

Immunohistochemical staining

Immunohistochemical analysis of ASC was carried out using the anti-ASC monoclonal antibody developed in our
previous study (4). Paraffin-embedded blocks of human melanoma tissues was performed immunohistochemical staining
using the anti-ASC monoclonal Ab and a universal DAKO LSAB (Dako, Carpenteria, CA) followed by hematoxylin or
Giemsa counterstainig. Omitting the primary antibody from the staining procedure performed a control experiment, and no
specific staining was found.

Result

We examined ASC expression in a series of 12 cell lines derived from metastatic melanomas. As determined by
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protein immunoblotting, 5 of 12 human melanoma cell lines expressed ASC levels comparable to those of normal
melanocytes, seven showed intermediate or little ASC levels.ven of them lost the expression of ASC (Fig. 1a). RT-PCR
(Fig.1 b) showed similar result to the Western Blotting analysis. The genome DNA of ASC in these melanoma cell lines
was sequenced, no mutations in ASC were detected (Data not shown), which suggest the remaining ASC allele is
transcriptionally repressed. Gene silencing that arises from methylation is an important epigenetic mechanism of tumor-
suppressor inactivation (12, 13). Recent studies has shown that hypermethylation of CpG island in gene promoter region is
associated with loss trasnscription (6, 7, 8). Methylated CpGs are recognized by proteins that recruit histone deacetylases,
leading to stable transcriptional repression, which can often be reversed by methylation inhibitor Saza2dC or by the
histone deacetylase inhibitor tricostatin A (TSA) (4) To determine whether loss of ASC expression in the melanoma cell
lines are related to methylation, we analyzed the methylation status of the ASC CpG island of the melanoma cell lines by a
sensitive MSP technique in which methylated and unmethylated alleles can specifically amplified after chemical
modification of DNA with sodium bisulfite (11) (Fig. 2) . The C32TG and HMV-I melanoma cell lines exhibited complete
methylation in the CpG island of ASC and failed to express the ASC protein. MEWO, WM35, SK-Mel-28, A2058, G361 et
al exhibited partially methylation. Sequencing the product of MCP (data not shown) coincided with the result of MCP.

If loss of ASC expression is related to methylation of the CpG island, then expression of ASC should be stored after
treatment with a demethylating agent. Treatment all of the melanoma cells with DNA methyltransferase inhibitor 5-aza-2’-
deoxycytidine resulted in the partial demethylation of the ASC CpG island and strongly expression of ASC. Reversely,
among the cell lines of neither ASC expression nor ASC promoter region methylation, 5aza2dC treatment failed to recover
the ASC expression. These data suggest that methylation status of the 5 CpG island in ASC promoter region is partially
associated with ASC expression levels in Melanoma cell lines, but the exception indicated that there are other mechanisms
that transcriptionaly repress ASC express in melanoma cell lines other than aberrant methylation.

We also investigated the ASC expression in 28 cases of melanoma tissues as showed in Fig (). Compared with the
normal pigment, we found 21 (70%) cases of the melanoma cancer tissues expressed lower ASC gene. Interesting, we
found in the region where ASC was expressed, the macrophage cells were founded, this indicated that ASC maybe
involved in the tumor immunity.

To determine whether aberrant methylation of ASC also played a role in primary tumors, we examined melanoma tissues
for ASC methylation. The CpG island of ASC was unmethylated in normal mylanocyte tissues derived from reduction
mammoplasty (provided by department of dermatology, medical school of Shinshu University). 5 of 10 (50%) primary
melanomas showed aberrant de novo methylation of the ASC CpG island. In some cases, the methylation degree is
substantial, it is considerated two reasons, the first is that the resected melanoma tissues consists of a heterogeneous

mixture of tumor cells and normal cells, the second is that the methylation even in cancer cells is partially.

Discussion

ASC is an adapter protein that is composed of two interaction domain, a pyrin N-terminal homology domain (PYD)
and a caspase-recruitment domain (CARD), forms filament-like aggregates during apoptosis induced by anti-tumor drugs
in HL-60 cells (9). The CRAD is found within the prodomain of a number of caspases, and oligomerization with upstream
CARD-containing regulatory proteins mediates their cleavage and activation (8). Other CARD-containing proteins with
known roles in apoptosis include the Caenorhabditis elegant CED-3 and CED-4, the human homologue of CED-4,
apoptotic protease activating factor-1, the cellular and viral inhibitors of apoptosis, the cellular homologue of herpesvirus
EHV2 E10 protein, BCL 10, and several proteins involved in the activation of NF-kB (9). ASC was reported to be a
proapoptotic factor (9,10) The PYD domain has been referred to as the PYRIN, DAPIN, PAAD and pyrin domain, and a
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number of PYD-containing proteins were reported (12, 14-16). The recently identified-proapoptic molecule
DEFCAP/NAC/NALPI/CARD7 (12, 16-18), a member of the mammalian Ced-4 protein family that includes Apaf-1 and
Nod1, which contain an N-terminal PYD domain and leucine-rich repeats (LRR), binds to ASC, referred to as pycard by
martinin et al, via the PYD (16). The PYD domain was reported to be present in the N-ternimus of Zebrafish caspases,
Caspy and caspy2 (19). The PYD domains of Caspy and Caspy2 correspond to CARD or DED, which are involved in
protein-protein interactions that result in effector proximity (8). Recently it is reported that ASC and caspase-1 are putative
signaling partners of CARD12, which function as a critical activator of specific apoptotic and proinflammatory signaling
pathway (20). Bertin et al reported that ASC is activated by PYPAF, a novel PYRIN-containing NBS/LRR family member
that interacts selectively with the PYRIN domain of ASC. PYPAF (also called cryopyrin) causes Muckle-Wells syndrome
and familial cold urticaria (25). Thus, the ASC maybe a key adapter molecule that plays important roles in interaction with
other PYD-containing molecules through its PYD and CARD domains in the upstream of NF-kappaB.

Although ASC is drawing more and more attention as a critical activator of apoptotica and inflammatory signaling
pathway. But its real function is still unclear, especially its role in tumor immunity and carcinogenesis. Our study first
showed ASC silenced in human melanoma, and one of the reason of ASC silencing is due to abnormal methylation which
is consist with result in breast cancer (6). In addition, apoptosis is easier to introduce in ASC expression cell lines than the
one in which ASC is silenced, and also the ASC expression restored by methylation inhibitor 5aza treatment promoted
apoptosis induction (data not shown) support the speculation that ASC maybe function as a tumor suppressor gene.

But we also noticed that no methylation was found in 3 melanoma cell lines although the cell lines showed little ASC
levels. This result indicate that other mechanisms such as loss of heterozygosity (LOH), Histone hypoacetylation maybe
also can result in tumor suppress gene inactivation (26). We also analyzed the expression of ASC mRNA in purified
hematopoietic cells by RT-PCR. We found CD14, and eosinophils expressed high levels of ASC mRNA. In contrast
CD34* and CD3* expressed low level of ASC mRNA. CD20*and neutrophis did not or expressed low levels of ASC
mRNA. But all subsets of hematoietic cells examined were unmethylated. (Unpublished data). So we speculate that
methylation in the CpG island of ASC can result in the silencing of ASC but not necessary, and the methylation may tumor
specific.
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3. SBROMAGE

As in mev-1 complex Il, SQR activity decreased and ROS production increased, | plan to
concentrate to study the electron transferring system. | will try to know exactly at where electrons
leak and produce ROS in the mev-1 complex Il. And, go on studying on how these produced
ROS affect on complex Il electron transferring system which results in mev-7 ROS
hypersensitivity and short life span.

As the mutation in CybL subunit in mev-7 mutant, may cause perturbation in protein structure
directly, | plan to confirm the existence and properties of heme in cytochrom b subunits. After that,
| plan to purify cytochrome b and determine its structure and properties, especially its function in
the way of electron fransferring.

In addition, mutation in CybL subunit may not only cause cytochrome perturbation, but also in
other two subunits Fp and Ip. | will go on the study on Fp and Ip subunits, and try to know the
perturbation that may affect in electron transferring in function.

Then, next plan is try to elucidate the mechanism how the disorder in mev-1 complex |l leads
to its short life span. The study will focus on ROS which cause oxidative stress in mitochondria. |
will try to know exactly site of ROS production and how ROS affect metabolic system.

At last, in conclusion of my study, | expect to elucidate the mechanism of oxygen
hypersensitivity and short life span in mev-1 by biochemical methods. That will be very helpful to
the study of the pathogenic mechanism of aging and age-related diseases.
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Abstract

To elucidate the mechanism of ageing, generation of reactive oxygen species (ROS) and the
corresponding response to oxidative stress are considered as key factors in ageing.

The majority of intracellular ROS production is derived from mitochondria. Complex Il is an
important enzyme in inner membrane of mitochondria. Caenorhabditis elegans (C. elegans) is a
good model animal for the study of ageing, because it possesses a system for oxidative
metabolism which is quite similar to mammalian species. The mev-71 (kn7) mutant is short life
span mutant of C. elegans which is hypersensitive to oxygen. The mutation in mev-1 encodes
complex Il CybL subunit and succinate-ubiquinone reductase (SQR) activity decreased.

Here, | focused on the study of the catalytic properties of mev-7 complex 1l, and try to elucidate
the mechanism of short life span in mev-1 mutant.

E. coli strains and plates were compared to obtain a suitable culture condition of C. elegans.
Several kinds of detergents were tested for the solubilzation of C. elegans complex |l from
mitochondria. By DEAE-Sepharose column, complex Il with high SQR activity was partially
purified and characterized biochemically. Kinetic parameters of C. elegans complex Il were
determined by ubiquinone-2 as electron acceptor. Then, ROS generation was measured using
the chemiluminescent probe MCLA.

Complex Il of N2 and mev-1 show very similar properties except SQR activity. This conclusion
comes from following data. First, N2 and mev-71 complex Il eluted at same salt concentration
during ion-exchange chromatography. Second, both complexes have similar enzymatic activities
of SDH. Although SQR activity in mev-7 was lower than N2, their SDH activities were always
comparable. The most important is their similar kinetic parameters of Km for ubiquinone which
indicate their similarity in the spatial arrangement of the quinone binding site in cytochrome b
subunits.

In ROS assay, the mev-1 mutation results in high levels of ROS production at complex Il. It
suggests that mutation in CybL subunit could affect electron flow in the complex and electrons
leaked from complex are transfered directly to molecular oxygen. From the result of enzymatic
analysis, it seems there is no functional difference in quinone binding site between N2 and mev-1.
That indicates perhaps quinone binding site is not the site where electrons transfer directly from
complex |l to molecular oxygen. Increased ROS generation in complex I ultimately results in
mev-1 short life span.

Key Words  Caenorhabditis elegans, mev-1, ageing, ROS, succinate-ubiquinone reductase

- 126 -



Introduction

The mechanism of ageing is likely to be a multifactorial process. Now, there is significant
evidence implicating the generation of reactive oxygen species (ROS) and the corresponding
response to oxidative stress as key factors in determining longevity (Ku, et al., 1993). ROS is
metabolites of molecular oxygen. Mitochondria play a critical role in ageing because they are the
major source and the most proximal target of ROS (Finkel, T. and Holbrook, N. J., 2000).

To investigate the molecular mechanisms of aging and etiology of oxidative damage,
Caenorhabditis elegans (C. elegans) is a good model animal. The most important advantage is
because C. elegans possess a system for oxidative metabolism which is quite similar to
mammalian species (Murfitt, et al., 1976).

The mev-1 (kn1) mutant is methyl viologen (paraquat)-sensitive mutant of C. elegans. It is
hypersensitive to oxygen and has short life span than that of wild type (N2). The mev-1 mutant is
also hypersensitive to raised oxygen concentration. Its life span was increased and decreased
under low and high concentrations of oxygen, respectively (Ishii, et al., 1990). The difference
between mev-1 and wild type is in gene cyt-7 which encodes large subunit of cytochrome (CybL)
in succinate-ubiquinone reductase (SQR, also reffered as complex Il). At the DNA sequence,
position 323, G is substituted by A, which resulting in glycine-to-glutamic acid substitution
(Gly71Glu) in protein sequence (Ishii, et al., 1998). The ability of SQR to catalyse electron
transport from succinate to ubiquinone is decreased in mev-1 animal (B0%)(Ishii, et al., 1998).

Complex It is an important enzyme complex in TCA cycle and the aerobic respiratory chain of
mitochondria and prokaryotic organisms (Kita, et al., 1989). Under aerobic conditions, complex 11
catalyzes the oxidation of succinate to fumarate and transfers its reducing equivalent to
ubiquinone (SQR) (Kita, et al., 2002) In cells, complex |l appears to contribute to the basal
production of ROS (Mclennan, H. R. and Esposti, M. D., 2000). Those imply complex Il has
important function in oxidative stress damage on ageing.

Here, | focused on the study of the catalytic properties of mev-7 complex I, and try to
elucidate the mechanism of short life span in mev-7 mutant. That will be very helpful to
understand of the pathogenic mechanism of aging and age-related diseases.

Materials and Methods

Materials -- The wild type (N2) was Bristol strain. The mev-7 mutant was kn1.

Optimum culture conditions — E. coli strains and plates were compared. E. coli MK3 which lacks
the sdh and frd operons (sdhc:: KmR, Afrd ABCD), NM522 Asdh::spc which lacks the sdh
operon, and OP50. E. coli were cultured overnight. Two types of LB plates and three types of
NGA plates were compared. After incubated at 37°C ovemnight, numbers of E. coli on the plates
were counted. N2 and mev-7 were grown at 20°C on five types of plates with the supplement of
three types of E. coli. Worms were harvested after 3-5 days when the quantity of adults reached
to the peak population.

Isolation of mitochondria -- Worms were collected in M9 buffer (Brenner, S. 1974). The
sedimented worms were washed with M9 buifer until the buffer become clear. Worms were
further purified by centrifugation. After polytron, worms were homogenized in MSE containing 1
mM phenyl methyl sulfonyl fluoride (PMSF) using glass-glass homogenizer (lwaki) with the
inclusion of glass beads (B. Brown Melsungen AG, 0.10-0.11mm). The homogenates were then
centrifuged at 960 x g for 10 min at 4°C, twice. The supernatant was then centrifuged at 19,200 x
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g for 10 min, and the precipitated mitochondrial fraction was resuspended in MSE and
homogenized.

Extraction and separation of complex Il - The detergents tried include 1%, 5% dodecyl
maltoside (DOSIN); 1%, 5% Lubrol (NACALAI TESQUE INC.); 1%, 5% C12ES (SIGMA); 1%, 5%
C12E8 (TOKYO KASEI INC.) and 0.05%, 0.1%, 0.2%, 0.3%, 0.5% sucrose monolaurate (SML)
(MITSUBISHI-KAGAKU FOODS Co.) (all in WiV).

All the steps were carried out at 0-4°C. Mitochondria were solubilized with 0.2% (W/V) SML.
The suspension was stitred at 0°C (ice-water) for 30 min. After centrifugation at 200,000 x g for
60 min at 4°C, the supernatant was applied to DEAE-Sepharose (Pharmacia) column (0.8 cm?®x
4 cm) equilibrated with 10 mM Tris-HCI pH 7.5, 5% sucrose, 1 mM malonate, 0.05% SML. The
column was washed with the same buffer (15 ml) and then complex | was eluted with the same
buffer containing a 60 mi gradient of 0-150 mM NaCl at a flow rate of 30 mi/h. Peak fractions
were used for enzymatic analysis or stored at -80°C. All conditions were the same for both N2
and mev-1 complex il

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed using 2-15% gel (PAG
mini DAHCHI)(Weber, 1969). The gels were stained with coomassie brilliant blue (CBB). For
Western Blotting, 1D09/1A which is monocione antibody against A. suum complex Il Fp subunit
and KM 2408 which is polyclonal antibody against C. efegans cyt-1 were used.

Enzyme assay — Succinate dehydrogenase (SDH) and SQR assay were determined by
Spectrophotometric measurement was performed at 25 ©C with a Shimadzu UV-3000 dual
wavelength spectrophotometer.

ROS generation was measured using the chemiluminescent probe MCLA (Cypridina luciferin
analog, 2-methl-6- (p-methoxyphenyl)-3,7-dihydroimidazo[1,2-alphalpyrazin-3-one).
Chemiluminescence assays were conducted at 37°C on a Hamamatsu C1230 photo counter
with a H-R 550 photomuitiplier (Hamamatsu photonics). The quantity of N2 and mev-1 complex ||
was normalized by total SDH activity.

Results
Optimum culture conditions of N2 and mev-1 — To elucidate accurate SDH and SQR activity in C.
elegans and determine its Km value, | wanted to eliminate E. coli SDH and SQR activity. MK3
should be the best choice because it has neither SDH nor SQR activities itself. Finally, the
optimum conditions for the mass culture of N2 and mev-1 has been found as follows. As food
source, MK3 is grown on LB medium with 0.2% (W/V) glucose and is spread on to the plates.
Then, worms are cultured on NGA plate (pH 7.0) with 8-fold Bacto-peptone and 0.2% (W/V)
glucose; and 50 x g/ml of kanamycine.
Isolation of mitochondria from N2 and mev-1 — To elucidate the enzymatic properties and get
purified complex Ii, | prepared quantities of N2 and mev-71 mitochondria.
Extraction and separation of complex Il from N2 and mev-1 mitochondria -- For purification,
complex Il which is membrane-bound proteins, should be solubilized by detergent in
unidispersed form. From the results, 0.2% (W/V) SML is the best detergent for solubilizing
complex ll. It can solubilize almost all complex Il in the membrane according to its highest
specific activity.

Elution from a DEAE-Sepharose column further increased SDH and SQR specific activities.
The specific activity of SDH was similar in both N2 and mev-1, though SQR was lower in mev-1.
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This result is consistant with low SQR activity of mev-1 mitochondrial membrane reported
previously (Ishii, et al., 1998). Salt concentrations (101 mM) of the peak fraction were same in N2
and mev-1. The stability of N2 and mev-1 complex Il was kept at least 80% when left in —-80°C
freezer.

To know the purity of the purified enzyme, SDS-PAGE analysis was performed and shows
complex Il from DEAE-Sepharose column was great increase.

To investigate the subunit composition, Western Biotting analysis was performed as shown in

Antibody against A. suum Fp subunits recognized the corresponding subunits of C. elegans
complex ll. One protein band with molecular weight about 14.8 kDa was observed corresponding
to the CybL subunit of C. elegans complex Il
Enzymatic properties of N2 and mev-1 complex Il - SQR kinetic values (Km and Vmax) of
purified enzymes were measured using ubiquinone-2 as electron acceptor, and enzymatic
properties of mitochondria and complex |l from N2 and mev-1 were compared. Complex Il
samples were the peak fraction in chromatography. The Km of purified enzymes for ubiquinone-2
was 10.2 pM (N2) and 8.77 uM (mev-1) which were similar to those of mitochondria, 6.25 uM in
N2 and 8.5 uM in mev-1.
ROS assay of N2 and mev-1 complex Il -- To examine the effects of the mev-7 mutation on
complex Il ROS production, complex Il purified from mev-7 and wild type were analyzed. The
levels of ROS production were found to be approximately 4.6 fold higher in purified complex Ii
from mev-1 as compared with wild type (Fig.1). This result suggests that mev-7 mutant in
complex Il contributes to ROS production. Succinate stimulated ROS production greatly and
mev-1 was 1.6 fold higher than wild type. It may indicate that electrons cannot be transferred to
ubiquinone and are leaked from the complex. This elevates ROS level in mev-1 mutant.

Discussion
Purification of complex lls from N2 and mev-1 mitochondria

In this study, E. cofi MK3 was used as food source for C. elegans mass culture because it has
neither SDH nor SQR activity. There was no influence of E. coli SDH and SQR in C. elegans
mitochondria samples, because MK3 lacks both SDH and SQR activity.

My data showed that SML is a very useful detergent for solubilizing integral membrane
proteins, especially complex |l in C. elegans. Almost total complex Il in inner membrane were
solubilized and kept high activity during the purification by column chromatography. Finally, a
highly active SQR preparation has been purified for the first time from C. elegans mitochondria.

Complex 1l in N2 and mev-1 eluted at same salt concentration during ion exchange
chromatography. This indicates that there is no significant difference in net charge of complex lis
from wild type and mev-1 mutant.

Comparison of enzymatic properties of N2 and mev-1 complex I

Comparing SQR Km and Vmax value between N2 and mev-1, | found that Km for ubiquinone
was not apparently different from that of the wild type, while its Vmax was far lower than wild type.
Therefore, in mev-1 complex 1l, affinity between complex Il and ubiquinone has no significant
difference with the wild type, although rate of electron transfer from the enzyme to ubiquinone is
greatly reduced. My work indicates for the first time that the mutation in mev-1 does not affect
quinone-binding site. Substitution of Gly-71 to Glu in CybL may disturb electron transfer from Ip
subunit to ubiquinone in the complex, although this does not affect electron transfer from
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succinate to artifical electron acceptor such as PMS.

The data presented here clearly demonstrate complex Il in N2 and mev-1 has very similar
protein structures. This conclusion is based upon three definitive observations. First, N2 and
mev-1 complex Il eluted at same salt concentration during ion-exchange chromatography.
Second, both complexes have similar enzymatic activities of SDH. Although SQR activity in
mev-1 was lower than N2, their SDH activities were always comparable. The most important is
their similar kinetic parameters of Km for ubiquinone which indicate they are similar in the spatial
arrangement of the quinone binding site in cytochrome b subunits.

ROS assay of N2 and mev-1 complex /I

It has been known that oxidants and oxidative stress are connected to ageing. ROS production
and corresponding responses to oxidative stress act as key factors in determining longevity
(Finkel, T. and Holbrook, N. J. 2000). Mitochondria are the major source of ROS, and are also
the first compartment in the cell that is damaged by these ROS. It has been wildly known that
complex | and lll produce ROS in mitochondria (Finkel, T. and Holbrook, N. J. 2000). There is still
no evidence in the literature to suggest that complex Il contributes directly to ROS production.

The mev-1 mutant is hypersensitive to exogenous oxygen and short life span. The levels of
superoxide anion production were found higher in mev-1 intact mitochondria than wild type.
Furthermore, cell damage and precocious ageing are caused by endogenous generation of ROS
in mitochondria rather than by the direct toxicity of exogenous oxygen (Matsuda, et al., 2001).
But, the mechanism of a complex Il deficiency causes oxygen hypersensitivity and short life span
is still unknown.

In this work, 1 demonstrated that ROS production was significantly higher in mev-1 than wild
type. My data provide the biochemical connection that links the molecular defect in complex Ii to
ROS hypersensitivity and short life span of the mev-1 mutant. More importantly, my data may be
helpful to study the mechanism of where and how ROS is generated.

From my data, the mev-1 mutation results in high levels of ROS production at complex Ii. it
suggests that the complex II defect could affect electron flow, that electrons probably transfer
directly from complex Il to molecular oxygen. And ROS overproduction in mev-7 complex Il might
be major reason for its short life span.

The mechanism of ROS production in mev-1 complex Il is still unclear. Kinetic data shows
there is no difference in quinone-binding site between N2 and mev-1. That indicates perhaps
quinone-binding site is not the position where electrons transfer directly from complex Il to
molecular oxygen.

It seems that some ROS generation may occur at complex Il even in wild type. In fact, with the
addition of succinate, a complex Il substrate, ROS production is increased in wild type complex II.
This may suggest that complex Il may be a secondary source of ROS generation in the
mitochondrial respiratory chain.

In summary, | have shown that mev-1 complex Il has similar quinone-binding site structure
with N2 and produces increased level of ROS from complex Il. This ROS ultimately resuits in
mev-1 short life span.
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ABSTRACT

In laboratory animals, dietary restriction prolongs lifespan, improves physiologic function,
and prevents or lessens severity of several diseases including some experimental inflammatory states.
We invesiigated the effect of dietary restriction on a spontaneously occurring mouse model of atopic
dermatitis, an inflammatory skin disease. NC/Nga mice were assigned to group fed ad libitum or to-
restricted-diet group receiving 60% of the amount of food consumed by the other group. Dermatitis
was characterized according to extent, intensity, and scratching time. We then used computer-assisted
image analysis to quantify immunologic findings in skin sections. Extent, intensity score, and
scratching time in mice with resiriction increased more gradually than in mice fed ad libitum.
Infiltrating inflammatory cells (CD4-positive T cells, CD8-positive T cells, eosinophils, and mast
cells) as well as interleukin—4 and -5 secreted into tissue were reduced in mice with restiriction.
In conclusion, dietary restriction delayed onset and progression of spontaneous dermatitis in NC/Nga
mice, an effect possibly involving inhibition of inflammatory infiltration cell and cytokine
secretion.

Key Words dietary restriction, atopic eczema, allergy, inflammation

INTRODUCT |ON )

Dietary restriction is acknowledged to prolong lifespan in laboratory animals (1, 2).
Experimental studies have shown that such resiriction can improve declining physiologic functions
(3), and also prevent or lessen severity of spontaneously occurring (1), chemically induced (4), and
radiation-induced neoplasia (5); and autoimmune diseases (6). Dietary restriction has also been
reported to attenuate carrageenan-induced footpad inflammation (7), protect against ozone-induced
lung inflammation (8), and alleviate chemically induced ulcerative dermatitis (9).

Atopic dermatitis (AD) is a human inflammatory skin disease triggered by interactions between
genetic, immunologic, and environmental factors including diet (10). Previous studies concerning
dietary management of AD, focused on elimination of allergenic proteins such as cow' s milk or eggs
(11). Recently we reported that a calorically restricted diet was associated with remarkable
improvement in AD patients in an open-label trial (12); a positive correlation was evident between
improvement of dermaiitis and decrease in body weight. Accordingly, we hypothesized that dietary
restriction can suppress AD.

- 142 -



The NC/Nga mouse has recently been established as an animal model for human AD (13, 14). This
strain of mouse spontaneously develops dermatitis associsted with excessive IgE production when
animals are raised under conventional conditions. And the dermatitis in male mice is relatively severe
than that in female mice (13). This skin disorder was proposed to result from a combination of genetic
propensity and environmental triggers (15).

In the present study, we investigated the effect of 40% dietary restriction involving calories,
protein, vitamins, and minerals on AD-like dermatitis in NC/Nga mice.

MATERIALS AND METHODS

Animals and Diets. Male and female NC/Nga mice purchased from Japan SLC (Hamamatsu, Japan)
were bred and housed at the animal facility in the Institute for Experimental Animals at Hamamatsu
University School of Medicine. Mice were maintained individually in plastic cages in a room with
a conventionally regulated environment including temperature of 23 to 25°C, relative humidity of 50
to 60% and a light/dark cycle of 12 h/12 h. All mice received care in compliance with the Guidelines
for Animal Experimentation of the Hamamatsu University School of Medicine. Mice were randomly divided
into ad libitum (AL) groups and dietary restriction (DR) groups. All mice were given a standard rodent
laboratory diet. Each AL mouse consumed 4.9 to 5.5 g of diet per day. Each DR mouse received the same
diet, but the amount of food provided was adjusted daily to represent 60% of the prior day’ s food
consumplion for a paired AL mouse. Boih AL and DR mice had free access to water throughout the siudy
The regimen was initiated at 6 weeks of age and terminated at 15 weeks of age.

Evaluation of Dermatitis Severity. For objective evaluation of severity of dermatitis, we
defined 3 indices: extent (ratio of involved skin area to total body skin area); intensity score (sum
of intensity scores of all skin regions surveyed), and scratching time (cumulative time spent
scratching over a period of 10 min). Extent and intensity score were defined referring to the Scoring
Atopic Dermatitis (SCORAD) system (16). For calculation of intensity score we assessed three items:
erythema; edema or papulations; and oozing, crusts or hemorrhage. Each of the three items was graded
on a scale of 0 to 3 (0, absent; 1, mild; 2, moderate; 3, severe) for the right ear, left ear, scalp
rostral back, caudal back, chest, and abdomen. The intensity score was the sum of individual item
scores obtained for these seven areas. Severity of dermatitis was assessed once weekly in all mice.

Measurement of Serum IgE. Blood samples were collected at 15 weeks of age. Serum IgE
concentrations were measured using a mouse IgE enzyme immunoassay kit.

Histochemical and Immunohistochemical Staining. All mice were killed by cervical dislocation
at 15 weeks of age, and skin samples from scalp located centrally between the ears were obtained as
previously described (17). Samples were fixed in 10% formalin, embedded in parafifin, and sectioned
perpendicular to the skin surface at a thickness of 3 /. Sections were stained with hematoxylin and
gosin (HE), acidic toluidine blue, or Congo red.

For immunohistochemistry, sections were stained with monoclonal antibody (mAb) against CD4,
CD8, interleukin (IL)-4, or IL-5. Deparaffinized sections were treated for 15 min with 3% hydrogen
peroxide (Wako, Osaka, Japan) in distilled water. After nonspecific binding of antibody was blocked
with 10% normal goat serum (Immuno-biological Laboratories, Fujioka, Japan) diluted in Tris-buffered
saline with 0. 1% Tween 20 (TBST; Dako, Carpinteria, CA), sections were incubated overnight at 47 C
with the primary mAb. The mAb used were rat anii-mouse CD4 mAb (RM4-5; PharMingen, San Diego, CA),
rat anti-mouse CD8 mAb (53-6. 7; Becton Dickinson, Mountain View, CA), rat anti-mouse IL-4 mAb (11B11;
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PharMingen) and rat anti~mouse IL-5 mAb (TRFK5; PharMingen). Subsequently the sections were washed
in TBST and then incubated with horseradish peroxidase-conjugated goat anti-rat IgG (PharMingen) at
room temperature for 30 min. Reaction products were visualized with 3-3 ~-diaminobenzidine
tetrahydrochloride (Wako) with hematoxylin counterstaining.

Compuier-assisted Histomorphometry. We used a computer-assisted image analysis sysiem that
permits automatic extraction and measurement. Light microscopic images of skin sections were captured
and then transformed into 32-bit color images with 945 X 738 resolution. For transformation, a digital
camera attached to a light microscope was used together with software run on a computer. To determine
the number or area in regions of interests, MacSCOPE Image Analysis was used.

Epidermal area was measured in five fields in each HE section. Results are expressed as the
mean epidermal area in square micrometer for the five fields.

Densities of inflammatory cells in the dermis (toluidine blue-positive mast cells, Congo
red-positive eosinophils, CD4-positive (CD4*) T cells, and CD8-positive (CD8") T cells) were determined
in five fields per section and expressed as the mean number of cells per square millimeter. Mast cells
were categorized into three types: granulated cells associated with less than 5 granules outside the
cell, slightly degranulated cells with 5 to 15 granules outside the cell, and markedly degranulaied
cells with more than 15 granules outside the cell.

Portions stained with brown reaction product for IL-4 and IL-5 were extracted automatically
based on hue, light, and saturation values, and were highlighted in green. Areas of these extracted
portions were measured in five fields per section, and the resulis are expressed as the mean stained

area in square micrometers.

RESULTS

Body Weight. Body weights in DR mice decreased between 6 and 9 weeks of age, afier which the
animals maintained stable body weight.

Appearance. AL mice spontaneously developed dermatitis characterized by erythema, papulation,
hemorrhage, erosion, and alopecia. With time, dermatitis worsened and spread over most of the body
surface. Involvement was most intense in the scalp and dorsal skin. In contrast, dermatitis in DR
mice appeared to be relatively mild.

Severity of Dermatitis. During the study AL mice showed increases in the severity indices
of dermatitis, including extent, intensity score, and scraiching time. In contrast, DR mice showed
more gradual increases in these severity indices. At the end of the study, the extent, intensity score
and scratching time in DR mice were significantly suppressed compared with corresponding values in
gender-matched AL mice.

Histologic Examination. In AL mice the epidermis showed remarkable hyperkeratosis and marked
acanthosis; severe inflammatory cell infiltrationwas seen in the dermis. Incontrast, these histologic
findings were mild in DR mice.

Image Analysis. Mean epidermal area in DR mice was significanily smaller than in
gender-natched AL mice. Mean densities of mast cells, eosinophils, CD4* T cells, and CD8'T cells in
DR mice were significantly lower than in gender-matched AL mice. Moreover, mean area of IL-4 was
significantly smaller in DR female mice and tended to be smaller in DR male mice than in gender-matched
AL mice. Mean area of IL-5 tended to be smaller in DR female mice than in AL female mice. And there
were significant difference between total DR mice and total AL mice in both IL-4 and IL-5.
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Serum 1gE. The mean of serum IgE concentration in DR mice was lower than in AL mice at 15
weeks of age.

Relationships bei{ween Severiiy Indices for Dermatitis and Laboratory Findings. Scratching
time showed a significant positive correlation with laboratory variable (CD4* T cells, CD8' T cells,
eosinophils, mast cells, [L-4, IL-5, and IgE). Extent and intensity score also showed a significant
positive correlation with all laboratory variables. Of all laboratory data, density of markedly
degranulated mast cells was most closely correlated with scratching time.

DISCUSSION

Dietary restriction, which is synonymous with such terms as calorie restriction and food
restriction, has been well studied in laboratory animals. Dietary intake restriction can be
accomplished with avoidance of malnutrition by a 40% reduction from average unrestricted food intake,
including a balanced decrease incalories, protein, vitamins, and minerals (1-3). This regimen results
in a limited period of weight loss, after which the animals maintain stable body weight or gradually
regain some of the weight originally lost despite continued dietary restriction (1, 18, 19). Our results
as to changes in body weight were consistent with previous observations.

Qur mice with dietary restriction showed lower serum IgE concenirations and less severe
dermatitis than other ad libitum fed mice. Further, mice with restriction showed only mild epidermal
thickening, mild dermal inflammatory cells infiltration, and mild degranulation of mast cells. Dermal
staining for inflammatory cytokines was also suppressed.

In NC/Nga mice, dermatitis has been reported to be closely associated with excessive IL-4 and
IL-5 production as well as inflammatory cell infiltration in the dermis (13, 14). IL-4 induces IgE
synthesis, while IL-5 promotes IL-4-dependent IgE synthesis and stimulates eosinophils (10). In most
previous studies, intensity of cytokine immunostaining in local skin lesions was evaluated by
subjective observation or a morphologic scoring system based upon microscopic examination (13, 17).
Observer bias cannot be completely avoided with those methods. Recently, computer—assisted image
analysis has been used increasingly for quantitative histopathologic examination (20, 21). We used
such a method to quantify both histologic findings and cytokine secretion as continuous variables,
and could demonstrate that dietary resiriction suppresses production of inflammatory cytokines in
NC/Nga mice. _

We also obtained good correlations of microscopic and blood assay resulis with severity of
dermatitis. Interestingly, the number of degranulated mast cells was the laboratory finding best
corretated with scraiching time. Degranulation of mast cells releases histamine and other mediators
associated with itching (pruritus).

The precise mechanism responsible for suppression of dermatitis by dietary restriction is
unclear. In previous studies, dietary restriction has been reporied to reduce T cell function (such
as 1L-4 and IL-5 production), and to suppress lymphocyte proliferation and serum IgE response in
infected mice (22, 23). Also dietary restriction causes elevation of circulating cortisol in normal
rodents (24-26). Thus, interrelationships are likely among immunologic, endocrinologic, and other
responses to allergic conditions incombinationwith dietary restriction. [t is also unclear if dietary
restriction can improve AD once the disease has begun in this model, and if the effect of dietary
restriction persists after the termination of this regimen. Further studies are needed to more fully
explain these questions.
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In conclusion, dietary restriction delayed onset and suppressed progression of AD-like

dermatitis in NC/Nga mice, an effect possibly involving inhibition of inflammatory infiltration cell

and cytokine secretion
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(Summary)

The ganglioside-specific sialidase, Neu 3, has been suggested to play essential roles in regulation of cell surface
functions, because of its major localization in the plasma membrane and strict substrate preference for gangliosides
involved in signal transduction. Here we show that human Neu 3 sialidase is enriched in caveolae microdomains and
interacts with caveolin, like other caveolin-binding signaling molecules. Using HeLa cells and Neu 3-transfected COS-1
cells, endogenous and exogenous Neu 3 was found to concentrate together with caveolin-1 in low density Triton X-100
insoluble membrane fractions on sucrose density gradients of the respective cell extracts, as assessed by enzyme activity
assays and immunobloting with a monoclonal antibody to human Neu 3. The presence of a putative caveolin-binding motif
within Neu 3 prompted us to determine whether Neu 3 interacts directly with caveolin-1. In transfectants expressing a
polyhistidine-tagged form of Neu 3, caveolin-1 co-eluted with Neu 3 on affinity column chromatography. A mutation with a
single amino acid change in the caveolin-binding motif led to inhibition of recruitment of the sialidase to the microdomain,
accompanied by loss of the enzyme activity. Interaction of Neu 3 with caveolin-lwas supported further by co-
immunoprecipitation of Neu 3 by anti-caveolin-1 antibody. These results indicate that Neu 3 functions as a caveolin-
interacting protein within caveolin-rich microdomains.

Key Words Neu 3, Sialidase, Ganglioside, Caveolin, Lipid raft

{Infroduction)

Sialidase catalyzes the removal of sialic acids from glycoproteins and gangliosides, an initial step of the
degradation of these molecules. Mammalian forms have been demonstrated to differ from microbial sialidases in various
aspects, especially in the presence of multiple types even in a single cell and in strict substrate specificity, this suggesting
participation not only in lysosomal degradation but also in many cellular processes (1, 2). Although the functional roles of
mammalian sialidases are not fully understood, recent progress in sialidase gene cloning has allowed partial clarification.
Among three mammalian sialidases so far cloned (abbreviated to Neu 1, 2 and 3), ganglioside-specific sialidase (Neu3) isa
key enzyme for ganglioside hydrolysis and is unique in specifically hydrolyzing gangliosides and in its localization in the
plasma membrane. To obtain functional evidence regarding Neu 3, we previously cloned and characterized the sialidase
c¢DNAs of mammalian origin (3-6), and have employed a human Neu 3 cDNA (4) in the present work.

Gangliosides, sialic acid-containing glycosphingolipids, are present in surface membranes of cells and are
thought to play important functional roles in regulating a wide range of biological processes, including cell surface
interactions, cell differentiation and transmembrane signaling(7-9). The ganglioside-specific sialidase Neu 3 may thus have
many functions. Accumulating evidence suggesting functional importance for plasma membrane-attached vesicular
organelles called detergent-insoluble glycoshingolipid-enriched complexes (DIGs) or lipid rafts (10-13). DIGs are closely
related to caveolae, 50-100 nm invaginations of the plasma membrane, in their lipid composition and resistance to detergent
solubilization. A major structural protein of caveolae is caveolin, known to act as a scaffold for various signaling molecules
(14). Recent studies have indicated that caveolin recruits transducer molecules into caveolae and regulates their functions by
direct interaction with these proteins, including G protein alpha subunits, H-ras, Src family tyrosine kinases, MAP kinase,
and endothelial nitric oxide synthase, which recognize a short cytosolic domain derived from the N-terminal region of
caveolin-1, termed the caveolin scaffolding domain, by caveolin-binding common motifs present within their molecules
(14). In addition, interaction of the caveolin scaffolding domain with caveolin-binding motifs of EGF-R (15) and protein
kinase C (16) is known to inhibit their kinase activity. We now present evidence that Neu 3 is closely associated with
caveolin-1 within caveolae microdomains, probably acting as a transducer molecule. Neu 3 is the first example of a
carbohydrate-metabolizing enzyme to be shown to interact with caveolin. In this context it is of interest that, in the course
of the present study, a paper (17) appeared describing ganglioside sialidase activity cofractionating with rafts from a
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neuroblastoma cell line.

EXPERIMENTAL PROCEDURES

Cells and DNA Transfection--- HeLa cells and COS-1 cells were obtained from The Cell Bank of Tohoku University and
RIKEN Cell Bank, respectively, and maintained in Dulbecco’s modification of Eagle’s minimum medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) in 5% CO,. Sialidase expression vectors were constructed by subcloning
a cDNA fragment containing the open reading frame (ORF) of human membrane-associated ganglioside sialidase (human
Neu 3) or the mutated DNA into the EcoRI site of pMEI18S, an eukaryote expression vector under control of the SRa
promotor, a generous gift from Dr. T. Maruyama, Tokyo Medical and Dental University. Introduction of mutations on
human Neu 3 cDNA was performed by recombination PCR (18) with the following mutation primers: for the Y181A
mutation 5’ -GCGTATACCGCGTACATCCCTTCCTGG-3’ and 5-GGGATGTACGCGGT ATACGCAGGGATG-3’, and
for the FI8/R mutation, 5-CCTTCCTGGCGCTTTT GCTTCCAGCTAC-3* and 5-AAGCAAAAGCG
CCAGGAAGGGATGTAG-3’. PCR reactions were carried out using the primers, a plasmid containing the wild type human
Neu 3 ORF (pME-HmSD) as a template, and LA-Taq polymerase (Takara, Japan) under the conditions of 95°C for 5 min,
followed by 25 cycles of 95°C for 30 sec, 60°C for 30 sec, 72 °C for 5 min. Mutated DNAs, with sequences confirmed by
the dideoxy chain termination method using an AutoRead Sequencing kit, were finally subcloned into the EcoRI site of
the pME18S vector. As a control, a cytosolic sialidase expression plasmid was constructed by subcloning a cDNA fragment
covering the ORF into pME18S and used for transfection.

COS-1 cells were transfected by electroporation by the procedures previously described (5). After 48 h of
transfection, cells were collected and stored -80°C until use. To correct for transfection efficiency, a luciferase expression
plasmid was co-transfected with the sialidase plasmid and the sialidase activity was then normalized to the luciferase
activity as detailed eariler (19).

Sucrose density gradient analysis ---Low density Triton X-100-insoluble membrane domains were isolated from cultured
cells by slight modifications of the method described (20). Briefly, cultured cells (-3 x 107) were collected in 1 ml of ice-
cold lysis buffer containing 25 mM MES, pH6.5, 0.15 M NaCl, 1 mM phenylmethylsulfony! fluoride, 10 pg/ml aprotinin,
10 pg/ml leupeptin, and 1% Triton X-100. After homogenization, the cell lysate was adjusted to 40% sucrose by addition of
1 mi of the above lysis buffer without Triton X-100 containing 80% sucrose. A linear sucrose gradient (5-30%) in the buffer
without Triton X-100 was layered over the lysate and centrifuged at 190, 000 x g (39, 000 rpm) for 1620 h at 4 *C in an
SW-41 rotor. Ten fractions were collected as 1 ml-aliquots.

Construction, Expression, and Purification of Polyhistidine Tagged Human Neu3---The polyhistidine tag was incorporated
into the C terminus of the wild type and Y181A mutants of the human Neu 3 cDNA, respectively, using the PCR primers
and pME-HmSD as a template. The final construction was subcloned into the EcoRlI site of the pME18S vector and used for
transient expression in COS-1 cells. The transfectants were homogenized in the lysis buffer described above, assayed the
sialidase activity , and dialyzed against the start buffer (20 mM phosphate buffer, pH 7.5, 10 mM imidazole, 0.5 M NaCl,
and 1% Triton X-100) for 3 h at 4 °C. The dialyzed fraction was applied to 1 ml of affinity column for histidine-tagged
proteins (HisTrap column; Pharmacia Biotech) pre-equilibrated with the start buffer. After washing with 10 mi of the buffer,
bound proteins were eluted with 5 ml of the elution buffer (20 mM phosphate buffer, pH 7.5, 500 mM imidazole, 0.5 M
NaCl and 1% Triton X-100). Washes and eluates were then subjected to immunoblot analysis.

Sialidase Assays---The cell lysate and the fractions from the sucrose density gradient were used for sialidase assays
routinely using gangliosides as the substrate. The reaction mixture contained 50 nmol of substrate as bound sialic acid, 0.2
mg of bovine serum albumin, 10 pmol of sodium acetate (pH 4.6) and 0.2 mg of Triton X-100. After incubation at 37°C for
10-60 min, released sialic acid was determined by the thiobarbituric acid method after passing through an AG1X-2 mini-
column, as described elsewhere (6). Protein was determined by dye-binding assay (Bio-rad). One unit of sialidase was
defined as the amount of enzyme which catalyzed the release of 1 nmol of sialic acid/h.

Preparation of Monoclonal Antibody to Human Neu 3 --- The foot pads of 6 week-old female BALB/c mice were injected
every week with 2 mg protein of the particulate fraction of human Neu 3-transfected COS cells, emulsified with incomplete
adjuvant. After five successive injections followed by a booster injection, spleens and bilateral inguinal and parietal
abdominal lymphnodes of immunized mice were harvested, and B cells were fused with the mouse myeloma X 63 Ag8.653
(The Cancer Cell Repository, Tohoku University, Sendai, Japan) in 50% polyethylene glycol 1000 (Wako). Screening of
hybridomas was carried out by examining the specific immunoreactivity with the particulate fraction of the Neu 3
transfectants in ELISA system (ZYMED) and with the membrane-permeabilized Neu 3 transfectants for FACS analysis.
The particulate fractions from vehicle-transfected COS cells were also used to exclude false positives due to reactions with
parent COS cell proteins. The positive clones were screened by dilution to obtain single specific clones. The subclass of
monoclonal antibody (mAbs) was determined to be IgG, with a Mouse isotyping kit.

Immunoblotting and immunoprecipitation --- Cell lysates, sucrose density gradient fractions or fractions from HisTrap
affinity columns were separated on SDS-polyacrylamide electrophoresis gels (10%) under reducing conditions. Proteins
were transferred to PVDF membranes and immunoblotted with antibodies specific to respective proteins. The individual
bands were detected with peroxidase-conjugated goat anti-mouse IgG or -rabbit IgG (Promega) and development was
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achieved with an enhanced chemiluminescence system (ECL Plus Western blotting reagent; Amersham Pharmacia Biotech.),
according to the manufacturer's recommendations. In immunoprecipitation experiments, cell lysates were incubated

overnight at 4Cwith Protein A Sepharose (Amersham Pharmacia Biotech.) and polyclonal anti-caveolin-1 (Santa Cruz
Biotec.) or monoclonal anti-human Neu 3 antibody and the precipitates after washing were applied to SDS-polyacrylamide
electrophoresis, and then immunoblotted as described above. Antibodies and their sources were as follows; anti-caveolin-
1 IgG (mAb 2297, Transduction Labs) and anti-caveolin-1 (Santa Cruz Biotec.) ; anti-cSrc (Santa Cruz Biotec.); anti-
MAPK (New England Biolabs ); anti-14-3-3 (Santa Cruz Biotec.).

RESULTS

Co-fractionation of human Neu 3 with caveolin-1---To examine whether endogenous ganglioside-specific sialidase is
associated with caveolin-1, we used Hela cells having relatively high sialidase activity. Cell lysates were fractionated on a
sucrose density gradient and the fractions were analyzed for protein concentration, caveolin-1 immuno-reactivity, and
sialidase activity with gangliosides as substrates. Fig.1a shows ganglioside sialidase activity to co-fractionate in low density
fractions 4-6 with caveolin-1 and cSrc, a signal transducer, as assessed by immunoblot analysis, while greater than 90% of
the total protein loaded on the gradient was recovered in high density fractions 9-10. To obtain evidence that Neu 3 protein
is present in the caveolin-rich fraction, we prepared mAb specific to human Neu 3 and observed the protein distribution by
immunoblotting. The antibody was evaluated to be only reactive with Neu 3 (48 kD protein), from Hela cells (in the
experiments with homogenates in Fig.1b) as well as from Neu 3-transfected COS-1 cells. On sucrose gradient Neu 3 protein
from HeLa cells was detected mainly in fractions 5-6, in parallel with sialidase activity together with caveolin-1. We then
examined COS-1 cells transiently transfected with human Neu 3 cDNA. More than 70% of the ganglioside activity was
found in fractions 4-6, rich in caveolin-1, and approximately 30% of the activity remained in the fractions 9-10 (Fig.2a).
The activity detected in the high density fractions was not due to overloading, because re-loading on the gradient resulted in
recovery of the activity in the same fractions. Neu 3 proteins were detected in the fractions having high activity in a manner
similar to the case of HeLa cells. On the other hand, when we tested cytosolic sialidase (Neu 2)-transfected COS-1 cells by
measuring sialidase activity at pH 6.0 with 4MU-NeuAc, all of the sialidase was found in the high density fractions (Fig.2b).
In addition, endogenous lysosomal sialidase (Neu 1) in COS-1 cells, assayed with 4MU-NeuAc as substrate at pH 4.6,
showed a neary identical pattern to that of the exogenously expressed cytosolic sialidase (data not shown). These results
indicate human Neu 3 to indeed be localized in the caveolin-rich microdomains, in contrast to Neu 2 and Neu 1 sialidases.
Interaction of Human Neu 3 with Caveolin-1.--- To examine the possibility that Neu 3 interacts with caveolin in the
microdomain, we searched for a functional binding site for caveolin-1 in the Neu 3 molecule. Caveolin binding motifs were
recently deduced (P X PXXXX Pand PXXXX P XX P, where Pis an aromatic residues W, F, or Y) (14). These motifs are
present in most caveolae-associated proteins, including PKCa, MAP kinase, and EGFR. In the human Neu 3, we identified a
possible region (YTYYIPSW, 179-186 residues) within the hydrophobic stretch of the putative transmembrane domain
sequence (4). To determine whether the binding site in Neu 3 is functional, the following strategies were employed:
introduction of mutations into Neu 3, affinity purification of polyhistidine (His)-tagged Neu 3 forms, and
immunoprecipitation with antibody to either caveolin-1 or Neu 3.

Two mutants were expressed and the cell lysates were analyzed by fractionation on a sucrose density gradient
(Fig-3). Mutant FI87R with one amino acid change next to the motif sequence demonstrated reduction of ganglioside
activity in the cell lysate to only 45% of the wild type level, and mutant Y 181A with a single amino acid change within the
motif showed complete loss of ganglioside activity, although Neu 3 protein level was similar to the wild type (Fig.3a). On
sucrose gradient fractionation, mutant F187R exhibited only a low amount of Neu 3 protein in fraction 5 with low sialidase
activity, much more protein and activity being evident in fractions 9-10. In mutant Y181A, Neu 3 protein was hardly
recovered in the fractions 4-6 where caveolin was still concentrated. These results suggest that the predicted caveolin-
binding motif in Neu 3 may be involved in binding to caveolin-1, loss of the binding ability leading to failure of recruitment
to caveolae and subsequently to reduction of the enzyme activity.

To obtain further evidence for the direct interaction between Neu 3 and caveolin-1, we next used His-tagged
forms of Neu 3 constructed by introducing the His-tag epitope into the C-terminus (Fig.4a and b). On transient expression in
COS-1 cells, the His-tagged form could be purified by Ni** ion-charged HiTrap Chelating column chromatography, the
bound proteins being specifically eluted by affinity elution with imidazole (21). As a control for non-specific binding,
human Neu 3 without the tag epitope was also expressed. Both Neu 3 forms showed sialidase activity at the same level.
After affinity purification on HiTrap column, fractions were analyzed by immunoblotting with antibodies to human Neu 3
and caveolin-1 (Fig. 4a). His-tagged Neu 3 was specifically eluted by affinity elution with imidazole, while no binding to
the column was observed with Neu 3 lacking the His-tag. Under these conditions endogenous caveolin-1 and MAP-kinase
co-eluted with His-tagged Neu 3, but 14-3-3 protein in the washing effluents. When the cell lysates from mutant Y181A
with His-tag epitope were applied on a HiTrap column, most of caveolin-1 protein was detected in the washings, even
though all of the Neu 3 protein in the affinity eluates (Fig. 4b). We further examined direct association of Neu 3 with
caveolin-1 by immunoprecipitation with antibody to either caveolin-1 or Neu 3 (Fig. 4c). Under the conditions where
almost equal amount of endogenous caveolin-1 was applied for immunoprecipitation (in the lower panel), wild type Neu 3
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was co-immunoprecipitated with caveolin-1 by anti-caveolin-1 antibody, whereas much less amount of mutant Neu 3
protein was recovered compared to wild type level. Consistent with the sucrose gradient data described above, the protein
level in the immunoprecipitates was higher in mutant F187R retaining some activity than in mutant Y 181A. Caveolin-1 was
not detected in anti-Neu 3 immunoprecipitates. These data together indicate that the predicted caveolin-binding motif
sequence in human Neu 3 can serve as a ligand for the caveolin scaffolding domain and that loss of the capacity for binding
to caveolin and subsequent failure of recruitment to caveolae results in reduced enzyme activity.

DISCUSSION

Ganglioside-specific sialidase Neu 3 is a unique glycosidase in its localization within the plasma membrane and the strict
substrate specificity. Unlike lysosomes, the membranes do not contain a set of glycosidases to degradate glycoproteins and
glycolipids (22), suggesting that Neu 3 is involved in cell surface events other than catabolism of glycoconjugates. In fact,
there are several observations suggesting important functional roles of sialidase in processes like cell differentiation (5, 23),
apoptosis (24), and malignant transformation (25-28). However, no clear evidence for the physiological functions of Neu 3
has hitherto been presented, to our knowledge.

In this study, we demonstrated that this sialidase interacts dnrectly with caveolin-1 and that its activity is likely to be
regulated by caveolin-mediated recruitment to caveolae-microdomains. Many caveolin-associated proteins are now known
to contain caveolin-binding motifs and this is considered to be a general mechanism for caveolin-mediated sequestration
and subsequent inactivation within caveolae. In the case of Neu 3, mutation of the putative caveolin-binding site led to not
only blocking of the recruitment to caveolae but also suppression of the sialidase activity. This indicates that Neu 3 is a
unique member of caveolin associated proteins which is activated rather than inactivated by caveolin-mediated
sequestration, similar to the case of the insulin receptor promoting IRS-1 phosphorylation (29). To activate Neu 3 in vitro,
detergents such as Triton X-100 are required. There is no endogenous activator located in the plasma membrane known at
present which can be replaced by the detergent. Since we have observed that phospholipids can stimulate the Neu 3
sialidase activity (Wada, T. and Miyagi, T., manuscript in preparation), it is most feasible that phospholipids constituting
caveolae may activate Neu 3 after recruitment.

We previously demonstrated that Neu 3 contains a hydrophobic but non-a-helical stretch as a putative transmembrane
domain which faces the extracytoplasmic side at the N-terminus (3). On the other hand, our recent work showed possible
active site amino acid residues to be distributed all over the Neu 3 molecule (4). These two results make uncertain whether
this sialidase is catalytic in the membrane-anchored state or rather on the cytosolic side of the membrane, as it may be
neccesary for an appropriate tertiary structure for activity (30). In this regard, based on the observation that caveolin is a
cytoplasmically oriented integral protein, the human Neu 3 molecule may function on the cytosolic site of the membrane by
interacting with caveolin, and cross-talk with other signal transducers. The regulation mechanisms require further analysis.
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Fig.1. Localization of Neu 3 of HeLa cells in low density sucrose gradient fractions rich in caveolin-1. Triton X-100 lysates
of HeLa cells were fractionated on a sucrose density gradient as described in the “EXPERIMENTAL PROCEDURES”, and
the fractions were tested for ganglioside sialidase activity (a) and for caveolin-1 (a), cSrc (a), and Neu 3 (b) proteins by
immunoblot analysis. The specificity of the mAb anti-human Neu 3 was evaluated using homogenates (fraction H) from
HeLa cells and only a 48 kD band corresponding to the Neu 3 was detected by immuno blot analysis (b).

Fig.2, Localization of human Neu 3 expressed in COS-1 cells in caveolin-rich fractions. The fractions on a sucrose density
gradient were assayed for ganglioside sialidase activity and immunoblotted for Neu 3 and caveolin proteins with mAb anti-
human Neu3 and anti-caveolin-1, respectively (a). As a control, cytosolic sialidase expressed in COS-1 cells was assayed
the activity for 4MU-Neu Ac as a substrate(b).

Fig. 3. Failure of recruitment to caveolae and reduction of sialidase activity by mutation of the caveolin-binding motif
within Neu 3. Mutants (F187R and Y181A) and wild type were expressed in COS-1 cells and each Neu 3 protein was
detected by immuno blot analysis (a). Cell lysates of the transfectants were fractionated on a sucrose density gradient.
Suppression of sialidase activity and Neu 3 protein level was observed in caveolin-rich fractions from mutant cell lysates,
irrespective of enrichment of caveolin -1 in low density sucrose gradient fractions (b).

Fig. 4. Co-purification of polyhistidine-tagged human Neu 3 with caveolin-1 by Ni ?* chelating column chromatography and
co-immunoprecipitation of Neu 3 and caveolin-1. Human Neu 3 with or without a His-tag was expressed in COS-1 cells
and purified by affinity chromatography as described in the “EXPERIMENTAL PROCEDURES”(a). In the upper panel,
washings and eluates were tested for Neu 3, caveolin-1, MAP-kinase and 14-3-3 proteins by immunoblot analysis with
respective antibodies. In the lower panel, the protein concentrations of the fractions from the column are shown and arrows
indicate start of affinity elution with 50 mM imidazole. A His-tag form of mutant Y181A was subjected to affinity
chromatography, and Neu 3 and caveolin-1 proteins were analyzed by immunoblotting (b). Cell lysates were collected for
immunoprecipitation with anti-caveolin antibody (polyclonal), and Neu 3 or caveolin-1 in the immunoprecipitates was
detected with antibody to human Neu 3 or caveolin-1 (monoclonat) (c).

Fig.5. Reduced Neu 3 sialidase activity by dissociation of Neu 3 from caveolin-1 with _-cyclodextrin treatment. Cells were
treated with 10 mM _-cyclodextrin for S0 min at 37°C, and the lysates of collected cells were assayed for sialidase activity
(a), and fractionated on a sucrose density gradient for detection of Neu 3 activity and the protein (b).
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Real-time observation of renal hemodynamic changes in diabetic rats
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Diabetic nephropathy is the leading cause of end-stage renal diseases. The progression of diabetic nephropathy is
closely related to disturbance of glomerular hemodynamics, such as renal hyperperfusion and/or glomerular
hyperfiltration. Therefore, the aim of this study is to observe and analyze the alteration of renal he modynamics in
diabetic rats in vivo using confocal laser scan microscope (CLSM). Experiments were performed in Munich -Wistar
rats on days 4 and 28 after streptozotocin (STZ) injection. Blood and urinary glucose levels, urinary protein
excretion and creatinin clearance were estimated. Microalbuminuria level was also examined by radioimmunoassay.
A polyethylene catheter was inserted into the carotid artery to allow blood pressure measurement. The left kidney
weight (KW) was also estimated. We measured the glomerular size using the isolated glomeruli from control and
diabetic groups. On days 4 and 28 after STZ injection, we examined hemodynamic changes by an intravital
microscope equipped with real-time CLSM in combination with a high -speed CCD video camera. To measure vessel
diameter and erythrocyte velocity, rats were injected with fluorescein isothiocyanate (FITC)-labeled dextran and
FITC-labeled red blood cells (RBCs). The diabetic rats on days 4 and 28 after STZ injection had a significantly
higher ratio of kidney/body weight than control rats. Also, glomerular size in diabetic rats was significantly larger
than that in control groups. There was not significant difference in mean arterial pressure (MAP) between diabetic
and control rats. On days 4 and 28, the diameters of afferent arterioles (AA) and efferent arterioles (EA)
significantly increased in diabetic rats as compared with control rats. Moreover, erythrocyte velocities within
glomeruli appeared to be faster in diabetic rats than in control rats. In a ddition, glomerular blood flow (GBF) was
significantly higher in diabetic rats on days 4 and 28 after STZ injection as compared with control rats. Our
real-time observations demonstrated that renal hypertrophy and glomerular hyperperfusion had started as e arly as at
4 days of diabetes. The noninvasive procedure, using CLSM in combination with high-speed video camera, allowed
us to evaluate the glomerular microcirculation in diabetic condition in vivo, and to reconfirm the significance of

hemodynamic changes in diabetic nephropathy.
Key words: CLSM, diabetes, glomerular hemodynamics, AA, EA

# R

Diabetic nephropathy is the leading cause of end-stage renal disease. Introrenal hemodynamic alterations, as
manifest by glomerular hyperfiltration and hyperperfusion, are thought to be the foremost factors responsible for the
onset and progression of diabetic nephropathy. Experimentally, glomerular hyperfiltration has been shown to result
from elevations in the glomerular capillary blood flow and the glomerular capillary hydraulic pressure. Glomerular
circulation is mainly regulated by two resistance arterioles, the afferent arteriole and efferent arteriole. The afferent

and efferent arterioles normally constrict and dilate in response to changes in systemic blood pressure to maintain
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glomerular filtration while protecting the glome.rulus from excessive pressure. Therefore, real-time observation of
glomerular hemodynamic changes would allow us to deepen our understanding of progressive mechanisms in
diabetic nephropathy.

Recently, glomerular function has been directly evaluated with the use of the isolated perfused glomerulus,
juxtamedullary nephrons, hydronephrotic kidneys and needle-probe charge-coupled device (CCD) videomicroscope.
These approaches, however, invasive manipulations that might alter the renal vascular responsiveness, and may thus
confound the characterization of these renal vessels. We have developed a new technique to directly visualize the
glomerular microcirculation with the CLSM in combination with a high -speed CCD video camera. The particular
advantage of this system over other methods is to avoid nonphysiological effects of invasive operative procedures,
and permit the direct evaluation of renal microcirculation in vivo under physiological and pathological conditions.
In this present study, we directly observed the alteration of hemodynamics in diabetic rats using our newly

developed videomicroscopic technique.

HREFE
Animals

Studies were performed in male Munich Wistar rats of six- to seven-week-old, which purchased from Simonsen
Laboratories, Inc. Diabetes were induced by intraperitoneal injection of streptozotocin (sigma) (65mg/kg body wt)
dissolved in 0.1M sodium citrate buffer, PH 4.5. Diabetic and control rats were followed for 4 and 28 days. All rats
received standard chow and tap water.

Intravital observation of the renal microcirculation

Observations of microcirculation blood flow were made with an intravital microscope system (Nikon, Tokyo,
Japan), equipped with a real-time confocal scanner unit model CSU10 and image processing devices. Differing from
conventional CLSM, the real-time CLSM system used in this study CSU10 (YOKOGAWA Electric Corporation,
Tokyo, Japan) has two disks: microlens array and pinhole array. The CSU10 unit is designed to attain a high signal
to noize ratio by minimizing the background light inside the scanner, thus making observation of weak fluorescent
specimens possible. Rotation speed of the scanner motor is 1800 rpm. The scanner actually captures 360 frames of
confocal images which one can observe at the eyepiece of the scanner, and sends 30 frames of confocal images per
second to an ICCD camera (Model C2400-89; HAMAMATSU PHOTONICS K.K., Shizuoka, Japan), to synchronize
with the scanning rate of the camera and be video-recorded (Model SVO-9600; Sony, Tokyo, Japan) for later
analysis by using of a recording lens and salt water immersion objectives.

The Munich Wistar rats were anesthetized by intraperitoneal injection of thiobutabarbital sodium salt (100mg/kg).
The body temperature of animals was kept 37.0 C on a heating pad. Polyethylene catheters (PE50) were inserted
into the carotid artery for blood pressure measurements and into the femoral vein for administrating labeled plasma
component and autologous red blood cells (RBCs). The left kidney was exposed by a flank incision and split
longitudinally. To analyze the microcirculation from the surface of kidney, the kidney was placed under the CLSM.
The kidney was immersed in a bath of physiological saline (Na* 154mEg/L, ClI" 154mEq/L) in which the
temperature was kept at 37+1 C.

Measurement of microhemodynamic parameters in glomerular tufts

Measurement of vessel diameter. To measure vessel diameter, enhancement of the contrast of microvessel images
against a dark background was made by intravenous injection (10 mg ml 1.2 ml kg') of a solution of FITC-labeled
dextran (FITC-Dx, MW 150,000; Sigma Chemical Co., St. Louis, MO). This fluorescent staining procedure
produced bright fluorescent images of the vascular lumen, and enabled adequate mapping of the luminal diameter.

Diameters of microvessels were measured with a vernier caliper on individual frames of the video-recorded images.
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Erythrocyte Velocity. To measure erythrocyte velocity, a batch of erythrocytes labeled with FITC was injected
intravenously. Briefly, washed erythrocytes obtained from an experimental rat were incubated with a PBS (137mM
NaCl, 6.4mM Na,HPO,, 2.7mM KCl, 1.5mM KH,PO,, pH 7.8) solution containing 1mg/ml FITC (ICN
Pharmaceutical, Inc., Cleveland, OH, USA). The labeled cells were then washed twice with a saline solution
containing 1% bovine serum albumin (BSA; Sigma Chemical Co., St. Louis, MO) to remove unconjugated
fluorescent dye. The final volume percent of the labeled cells was adjusted approximately to 50% by adding an
isotonic saline solution, and an aliquot of these suspensions was injected (1ml/Kg) through the tail vein of the rat to
measure centerline erythrocyte velocity. The rate of the labeled RBC in total RBC was about 1% by a single
calculation. From the video-recorded images, erythrocyte velocity was calculated by frame-by-frame analysis, more
than five different areas were measured, and averaged for at least five measurements.

Measurement of Glomerular Volume

After measurement of kidney weight, the outer 1 to 2 mm of the renal cortex in left kidney was excised and cut
into fine fragments. The glomeruli were then isolated in DMEM by standard sieving techniques as described
previously. The PH of the medium was adjusted to 7.4 before use. The whole procedure for isolation of glomeruli
was carried out within 15 minutes at room temperature. Isolated glomeruli were allowed to adhere to an observation
chamber coated with poly-L-lysine (1 mg/ml) for 5 to 10 seconds. Unattached glomeruli were removed by gentle
washing with fresh isolation medium. Adherent glomeruli were viewed in a microscope, and then the image was
captured by computer. The area of each glomerulus was automatically measured using NIH software. The volume of
each glomerulus was calculated from the area (S) using the formula V = 4/3n(S/x) . At least 120 glomeruli from
three or more rats were studied in each experiment.

Statistical analysis

All measured values are given as mean = standard deviation (SD). The nonparametric Mann -Whitney U test
was used for comparison of the measured values of erythrocyte velocities, since these parameters are known to have
a distribution which deviates considerably from the Gaussian. A P value less than 0.05 was considered significant in

all statistical tests.

s 2
Determination of baseline characteristics of experimental animals

At 4 and 28 days after STZ injection, determination of baseline characteristics differed significantly between the
investigated groups as showed in Table 1. Blood and urinary glucose levels, urinary protein excretion and creatin in
clearance were estimated. Microalbuminuria level was also examined by radioimmunoassay. Blood glucose, urine
ghicose and albuminuria were markedly elevated in diabetes animals. Hyperglycemia (> 300 mg/dl) has already
started at day 4, and lasted at day 28. Heavy proteinuria (>100 mg/day) started at day 4, and reached at maximum
(mean = 500 mg/day) at day 28. Mean arterial pressure of the carotid artery in the control rats was 107+3mmHg.
On days 4 and 28 after injection with STZ, mean arterial pressure was 1064 mmHg and 101+ 9mmHg,
respectively, not significant difference with control.

Kidney weight and ratio of kidney/ body weight )

Although body weight was less in diabetic rats after 4 and 28 days injection, diabetic kidneys weighed more than
control kidneys. The ratio of Kidney/body weight in 4-day diabetic rats was significantly higher than that in control
rats, and it was more pronounced in 28 -day diabetic group.

The effect of diabetes on erythrocyte velocity
The left kidneys of Munich Wistar rats were observed by intravital microscopy. On day 4 after STZ injection,

erythrocyte velocities within glomeruli were slightly faster in diabetic rats (676.1 £ 209.6 pm/sec) than in control
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rats (496.1 = 134.1 pm/sec), similarly, erythrocyte velocities within microvasculature around Bowman’s capsule
were also slightly faster in diabetic rats (446.1 * 223.8 pm/sec) than in control rats (238.8 * 122.4 pm/sec). On
day 28 after STZ injection, erythrocyte velocities within glomeruli were significantly faster in diabetic rats (859.3
* 192.1 pm/sec) than in control rats (495.4 = 110.7 pm/sec). Therefore, erythrocyte velocities within glomeruli
appeared to be faster in diabetic rats than in control rats as early as on day.4. Similarly, on day 28 erythrocyte
velocities within microvasculature around Bowman’s capsule were also markedly faster in diabetic rats (516.3 =+
114.0 pm/sec) than in control rats (351.3 £ 91.6 pm/sec).
The effect of diabetes on diameters of AA and EA

On days 4 and 28 after STZ injection, we measured the diameters of AA and EA in control and diabetic rats. The
afferent and / or efferent arterioles within the glomerui were identified by observation of the microvascular branches
and the direction of movement of labeled red blood cells. On day 4 after STZ injection, the diameters of AA in
diabetic rats (10.39 * 1.43 pm) significantly increased, comparision with control rats (8.43 £ 0.52 pm). In
addition, the diameters of EA in diabetic rats (10.43 = 1.70 pm) significantly increased as compared with control
rats (8.00 = 0.68 pum). On day 28 after STZ injection, the diameters of AA in diabetic rats (11.68 = 0.79 um)
further enlarged, significantly greater increased than that in controls (8.88%+ 1.22 um). However, the diameters of
EA in diabetic rats (10.49 * 1.16 pm) did not further increased, but there was significant difference with controls
(8.33 = 0.96 pm).
Measurement of glomerular volume

Using isolated glomeruli from diabetic and control groups, we observed directly glomerular size and calculated
the volume of glomeruli. We demonstrated that the volume of glomeruli were markedly larger in diabetic rats as
compared with control rats.

The effect of diabetes on glomerular blood flow (GBF)
In order to deepen understanding the importance of hemodynamic alterati on in diabetes, we calculated the change

of blood flow using the equation BF = m (D/2)**GBV. GBF were significantly higher in 4-day diabetic rats as
compared with control rats, and it more pronounced in 28 -day diabetic group.

F B

In the present study, we evaluated the glomerular microcirculation in diabetic rats by intravital microscope
equipped with real-time CLSM in combination with a high -speed CCD video camera. This system visualizes AA,
EA, and the movement of labeled-RBCs within glomeruli and microvessels around Bowman’s capsule. Therefore,
GBV, BBV and GBF can be calculated. This research demonstrated that a basal vosodilation of afferent arterioles
and efferent arterioles and an increased glomerular blood flow in diabetic rats, consistent with pr evious studies. This
phenomenon appeared as early as on day 4 after STZ injection. It deepened our understanding on hyperperfusion
and hyperfiltration in early phase of diabetes, and to reconfirm the significance of hemodynamic abnormities in
diabetic nephropathy.

The CLSM intravital videomicroscopic technique appears to exceed other methodological approaches in
following several points: (1) This technique avoids nonphysiological-effects of invasive operative procedures. (2)
This system can real-time observe and record the continuous images of movement of FITC-labeled RBCs and
calculate the erythrocyte velocities within glomeruli and microvessels around Bowman’s capsule, because this
system can capture 360 frames of confocal images, and sends 30 frames of confocal images per second to an ICCD
camera (3) The diameters of afferent arterioles, efferent arterioles and glomerular blood flow can be evaluated. (4)
Systemic hemodynamics (e.g., blood pressure) can be measured simultaneously. (5) The technique and experimental

preparation are simpler than other approaches of direct visualization of the renal microcirculation.
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Using this newly developed videomicroscopic technique, we evaluated the glomerular microcirculation in normal
and diabetes in Munich Wistar rats. The unique characteristic of this rat strain is that many glomeruli are located
near the surface of the kidney and easy to visualizing the renal microcirculation by intravital microscopy. We have
observed differences of renal hemodynamics between two grougs in several points. Firstly, the diabetic rats on days
4 and 28 after STZ injection had a significantly higher ratio of kidney/ body weight than conirol rats. Also,
glomerular volume predominantly enlarged in diabetes as compared with controls. Secondly, on days 4 and 28, the
diameters of afferent and efferent arterioles significantly increased in diabetic rats as compared with control rats.
Thirdly, on day 28, erythrocyte velocities within glomeruli and vessels around Bowman’s capsule were significantly
faster in diabetic rats than in control rats. Moreover, on day 4, erythrocyte velocities within glomeruli were
significantly faster in diabetic rats than in control rats. Finally, GBF was significantly higher in diabetic rats on days
4 and 28 after STZ injection as compared with control rats.

Although body weight was less in the diabetic rats, diabetic kidneys weighed 22% more than control kidneys in
4-day group. There is a higher ratio of kidney/ body weight in 4 -day groups (diabetes 6.00 £ 0.55, control 4.43 =+
0.36) and more pronounced in 28-day groups (diabetes 7.36 % 0.73, control 4.27 % 0.50). Moreover, we also
directly observed that glomerular volume significantly increased in diabetes as compared with control rats. While
kidney weight was a strong predictor of glomerular filtration rate as previous report. Glomerular hyperfiltration in
early diabetes correlates with increased kidney size. On the other hand, we demonstrated that GBV and GBF in
diabetic rats of 4 and 28 days had significantly increased as compared with control rats. Therefore, our evidence
suggested that diabetes of 4 day had appeared not omly renal hypertrophy, but also hyperperfusion and
hyperfiltration simultaneously.

The glomerular microcirculation regulates glomerular filtration and renal hemodynamics by altering the vascular
resistance of afferent arterioles and efferent arterioles. Therefore, their behavior is the most important determinant
of glomerular blood flow and the glomerular filtration rate. In this present study, we observed that the diameters of
afferent and efferent arterioles significantly increased in diabetic rats of 4 and 28 days as compared with control rats.
Actually, basal diameters of all vessel types were wider in diabetic rats than that in control rats. Diabetic rats
showed a reduced renal vascular resistance, which may be caused by increased NO production in the renal
microcirculation. We demonstrated that the EA also dilated in the early phase of diabetes besides of AA. However,
the dilation capacity of EA was lower than AA. Therefore, the diameters of AA further enlarged with time, while the
diameters of EA on day 28 had no difference with that on day 4. In addition, we demonstrated that the AA/EA ratio
increased in diabetes of 28 days, indicating a pronounced increased internal glomerular pressure.

This newly developed technique can analyze acute changeé induced by some factors in glomerular
microcirculation in vivo. To shed some light on this area, the effects of some vasodilator and vasoconstrictor on
renal microcirculation should be investigated under direct intravital microscopic observation. That is our important
forthcoming work.

The noninvasive procedure, using CLSM in combination with high-speed videocamera, allowed us to evaluate the
renal microcirculation in vivo. It is useful to analyze directly mediators of diabetic hyperfiltration and other
experimental models. This technique for directly studying afferent and efferent arterioles changes and glomerular
filtration rate in vivo may provide important in sights into the actions of drugs and into renal diseases. Clinicians are

beginning 1o be able to select drugs that have desired effects on the renal microcirculation.
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Abstract

Retrovirus-like particles Pso p27 in psoriatic skin lesion were initially discovered in 1983. A
monoclonal antibody (moAb) against internal protein, pso p27, of the particles was
established in 1988. And the antibody has been reported to react to the stratum comeum
cells, some spinous cells and some tryptase-positive dermal infiltrating cells of the psoriatic
skins. In this study, we examined the reactivity of the moAb to the skins from Japanese
patients with psoriasis by immun-fluorescent (IF) and immuno-electron microscopy (IEM).
Frozen sections and paraffin sectiona were prepared from the lesion skins of 24 unrelated
Japanese psoriatic patients, then proceeded by standard IF procedure. The skin reacted to
the moAb by IF was immersed into parafomaldehyde and serially diluted sucrose solutions,
then proceeded for IEM by standard procedure using gold conjugated goat anti mouse IgG.
The results showed that positive reactivity was detected on the stratum comeum cells in 12
out of 24 patients lesion skins. By IEM, vesicles-like structure and surface of stratum
comeum cells, as moAb, however, further confirmation by using immuno-gold labeled
antibody should be required to exclude the effect of endogenous peroxidase from the cells
such as neutrophils and mast cells. Conclusion: retrovirus-like particles present in the
skin of some Japanese patients with psoriasis. And the retrovirus-like particles may

participate in the pathophysiology of the disease.

Key words: psoriasis; pso p27 antigen; immunofluorescence; IEM.
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Introduction

The psoriasis-associated antigen, pso p27, can be isolated from psoriasis scale and is
present in complement-activating immune complexes in psoriatic scale, and in serum from
patients with psoriasis. pso p27 antigen was localized to a sub-fraction of dermal cells
and in the endothelial lining of some of dermal vessels. The antigen is produced by
tryptase-positive cells in the skin lesions and is shown to be a major antigen in the
immune reactions in psoriasis.

The infiltration of inflammatory cells, which is an initial event in the development of skin
lesions in psoriasis, strongly suggests that immune reaction play a major role in the
pathogenesis of this condition.

Immunological analyses have shown that a protein present in psoriatic scale, pso p27,
participates in the generation of complement-activating immune complexes, both in the
psoriatic plaques (1 # 3) and in synovial liquid of patients with psoriasis arthritis (1).
Recently, we presented evidence that the pso p27 antigen is expressed by mast cells in the
skin lesion (4). The expression of the antigen was reduced or omitted when the lesions were
In remission, even if the mast cells were still pre-sent. Indicating a direct correlation
between the inflammatory and the expression of pso p27 antigen.

In this study we followed 24 patients with extensive psoriasis in order to investigate the
percent of the expression of pso p27 antigen at the psoriasis patients and to observe the
expression by immuno-electron microscopy (IEM).

"""" The main pathological changes in psoriasis are a hyperproliferation of epidermal
keratinocytes and an inflammatory reaction in the dermis with infiltration of lymphocytes
and macrophages. In established lesions polymorphonucler leukocytes are regularly noted

in the epidermis, often present in the characteristic Munro micro abscesses.

Material and method

Specimens

Punch biopsies (3-4mm) were obtained from skin lesions of 24 patients suffering from static
chronic plaque psoriasis and 4 normal persons. The specimens were frozen with Tissue-Tek
O.C.T. Compound in liquid nitrogen and stored at —80C or embedded in paraffin after
fixation in ethanol. [1] [2]. Thin sections (4 - 5 mm) of the skin biopsies were analyzed with
respect to pso p27 antigen using monoclonal anti-pso p27 antibodies.

Immunofluorescence analysis

Frozen sections (4-5 um thick) and deparaffined sections (5-6um) were prepared for

immunofluorescence staining. Sections were fixed in 70% methyl alcohol plus 0.3%
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hydrogen peroxide for ten minutes and blocked with 1% BSA, 5% skim milk and 0.1%
Tween 20 of PBS for 30 minutes. Then, sections were incubated with mouse monoclonal
anti-pso p27 antibodies (10ug/ml) 50ul each section overnight at 4°C. (monoclonal anti-pso
p27 antibodies was provided by Pro. Ole-dan Iversen. Departments of Microbiology,
University Hospital, Norway.). After 5 times washes in 0.1% Tween 20 of PBS, sections
were incubated with anti-mouse immunoglobulins FICT kaninchen F (ab’) 2 IgG (DAKO.
Denmark) for 1 hour at 37C. Normal skin sections following another 5 washes in PBS,
sections were overlapped using antifade solution - FluoroGuard ant fade reagent (Bio-Red
Laboratories. CA.USA.). Finally, sections were examined using a Leitz fluorescence
microscope. Normal sink sections were as negative control and same psoriatic sections

were omitted anti pso p27 antibody as positive control.

Detection pso p27 antigen by Immunological electric microscopy

Immouno-glod method:

1. Prepare sections for EM

Dissect the skin specimens to the smallest possible size for handling and good penetration.
Lightly fix tissue in 2% paraformaldehyde 0.1% glutaraldehyde for 30 minutes. Wash tissue
in PBS 30 minutes. Then tissues were cut to thin sections. [3]

2. Immunological staining

Then pre-embedding sections of skin tissue were blocked by 2% BSA-PBS for 1 hour. After
washing in PBS, sections were incubated with the primary antibody-- mouse monoclonal
anti-pso p27 antibodies (10ug/ml) 50ul each section overnight at 4°C. Following 5 washes in
PBS, sections were incubated with-- anti mouse IgG: Gold conjugated (dilution to 1:50 and
1:25) for 3 hours at room temperature. Sections were washed in PBS with 1% --serum, 1%
BSA, 0.1% Tween 20 and 0.1% sodium azide thoroughly and then washed in PBS for 5
times. Fixing sections in 1% glutaraldehyde for 10 minutes and washing in water 30

minutes. [4] [12].

RESULTS

Fluorescence was extension in the stratum corneum and in the scale. Fig.1. And bright
fluorescence localized to a subfraction of dermal cells and at the endothelial lining of some
of the dermal vessels. Fig.2. There were not meaningful fluorescence was detected both at
normal skin sections and the control psoriatic sections. Fig. 3,4. The positive expression

ratio of the pso p27 antigen at skin lesions of psoriasis was 50%.
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Conclusion

1. Retrovirus-like particles present in the half of the skins from Japanese
patients with psoriasis.
2. The retrovirus-like particles may participate in the patho-physiology of

the disease.
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MEABMRICEITS IL-6 - VCAM-1 JOE—4 &
(c&IZ$ PPARaDIEMH
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HEFTEER  PEERRENEE SRR

BANTHEE  KRKREEERITR D TIRERRIE

REREE MR ARl RE

HEREES AR Bk A O 48 B =R OEE

L=

MERNEHINCBUT 501 b OES FREOE®RIE. mEBICBIT A REOHFRIEBROUEDEEZ 5NT
W%, PPARoNIE MBS IL-6 A L MENRMICEIT2 VCAM-1 RBEREZHIHIT S Z&ANRE I
TWBN, TOERBBIEITHATH - /2. B4 BELERRIICBWT, Feno OURIZXLD IL-6 EABLN
VCAM-1 HEWET IS EEHBALE L, LRy HaFERWANCLD,. CNOREEDITFORERE T
72 £ b—ERSEETOES L)V TOMRICE D Z EAMBAL 7=, F/2. EMSA IZ X 2fEitiER & 0. Feno IX11.-6
BEFBLUVCAM-1 BETFO 7 O0E—4 — B2 NF«B DA ZHEET 3 Z LA S hEfrolk, Feno 13,
TNF-odfilifiF D> NF«B p65 BEROEASTICHL TIEEE 5 X ah o/ 2 &Mnb, NF«B OIFHELIREFCHI S
Feno DIER T NF«B OBPBITRDOAT Y S cH B EEL 5Nz, PPARYDY H > NTHD Pio 1 IL-6 #zTH
LU VCAM-1 BIaFO TOE—F —fERICHT 5 NF«B OESITEHEsRFEhoZ &b, Feno OERIZ
PPAR0ZELIZODTHBDEEZ SIx

KeyWords  Endothelial cells , PPAR-alpha , I-6,VCAM-1 .

#s:

4 OREHRBIIBWTE. MENERAICEIT 291 A PSS TOREMEEL. ChsilmEeEIch
FBREDOHTRIEBOUEDEEZ SNTNS, Lizhio T, INSKEES FORBIMHENIFREREDY —7 v k
ELTHERTHDEEDNS, EEIC, MARFREEOOEDTH AN ADVFIA RidfELc DY A N1 0k
ENTFORBEZENHTHZ EMBEEINTNYS 2, ZOXS2IVa2)VFIA1 ROEME. Vaa)Fa1 Rtk
75 —(GR &N UHEANBIE T OEEMFIC XL B EZ X 5N T3 ¥, BiFTI. GR UtokL 7/ —nU >
Nk s NS RERS FORBIIE DB SMCEINTNS O848, TS TFHISORMNC DV TIIRBID SHE,

Peroxisome proliferator-activated receptor (PPAR) ol 27/ —A—/S—T7 72 Y—TBITBZ/ETH D,
iz DRSIARC 7 4 75— Mk VIS LENS, T2, PPARoASIMETLEHIRICHT S L6 AL mERNE
MBI 5 VCAM-1 BEZMHEIT 3 Z EMNRESINTNS 570, ZOERESISTHTH- /-, S, FHxli3meE
HNEHIC B3 IL-6 & VCAM-1 BFO T OE—F 5 KIF T PPARaDIERIC DWW T O Z1T o 7z,

WREBE:

HRatEaE O U RBIIRBSENERIIRBAECOE 10%FCS 2&¢ DMEM KR T, & MfFs#aikbEskNEiaHUVEC)
13 10%FCS, 2 ng/mlbFGF Z&% MCDB131 ¥R Tl Lz,

ViR—&—7 vtz : IL-6 LiR—F—BnF(-179/+12 hIL-6-LUC : AIRAFERHBIELL D L5 F=id VCAM-
1 ViR—¥ —#{5H-258/+40 hVCAM-1-LUC : #BEAXFEMESELLDH5) %, SuperFect (QIAGEN)ZHWT
BAEC iz A LTz, 2 RRIZHiaE T = ) 75— NMFeno) T 24 ML, D% TNF-o (20 ng/mD) THE L7z,
Hilig 4 BHEBVCAM-1 LiR—% —) E/213 8 BER(IL-6 LR—¥ NTHiREafEL. V7 o 7—iEEaie Ui,
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EMSA (electrophoretic mobility-shift assay) : HUVEC # Feno /idE42V 4/ U (pio) T 24 KWL L 7=1%
TNF-aTHIBUER 2t Uz, B b L6 00—y —BLUt b VCAM-1 70E—¥—fBifD NF«B #5&#E5
EEUESAVIX Y VAT REERL, JUCHT2REETLS,
fofEefs . HUVEC % 2%/837FRI)IVAT IV T e RTEELEE 200 {EFRROF NF«B p65 ﬁfZIS(Santa Cruz) &hnx.
EAF AL IgG il TR L 72 1% Vectastain £ ABC kit 2R\ TRSREE{To /=,

%

BAEC 1T IL-6 LR—¥—BIZTEBAL. IL-6 TOE—F—IEHCRIFT Feno ORIRITOWTRETLZ(E 1A),
TNF-oD#li#ick D -6 7 OE—~ &M 16 HT8nU 7z, Feno (3T DIFtEZBEEKEEICMRI LIz, Feno
B IL-6 TOR—y—EHcRE U Mol Fi5 TNF-ald VCAM-1 7OE—4 5% 20 FgmE
7=/, Feno OYEIZ L b ZOIEEIA I Z /=K 1B),

IL-6 #5F & VCAM-1 BT O 70— — B8l 4 1 »FiBXU2 » D NF«B #E&EFIHET % *9,
FZ T, Feno N5 /OF—F—8HAD NF«B ORSEHEETINEMIDONT EMSA 12k 2721772
2 TO¥ER, Feno 13 IL-6 BETFBLNVCAM-1 BEFOTOE—F T 5 NF«B Of&ZEHEL . Pio i
ZDNF«B#SEBEE o7,

NF-«B DOIEH(GIZISHREN SEADBITANETH B Z EABABNT XN TS Wi, NF«B p6s BEOHE
HRTEIZxd % Feno DIERICDOWTHTL/Z(M 3). FEREETIE. TNF-aDFi#Ick > T p65 ORI TAESS
SN, 23U Feno QBRI » THER T e Tz,

Z =

Bt BEOENEHBWT, Feno DIERIC LD IL-6 EEAEBLIUNVCAM-1 RENKE T2 2 L2852,
ViR—4 —REFEAWEFITCED, CNSRERITFORBYE TIIAR< & b—HISRETOEE L)L TOHIF
WTHET T EAMBAL K, Fie. EMSA ICk BT RE D, Feno 13 [IL-6 BaFHLU VCAM-1 BFO7TOE—
& —fEIITY B NF«B QA EBEETHZ WS o7. Feno (&, TNF-oifiliid NF-«B p65 BEHDK
PSS U T3 e 5 X a0 7= 2 &M 5, NF«B OIEH(EIREIZSBITS Feno OIERARIZ NF«B OBINBITE
DAFY F1cH B EEZ BN, PPARYDH > MTH5 Pio 13 IL-6 BizTFBLN VCAM-1 Bz FO 7 OE—4—1&
Bizxtd 5 NF«B OfESICHEE RIFX RN 72 2 EMS, Feno DIERIIZ PPARaEN LIz D TH D EEZL BN,

PPARo# NF«B DiftEEBEFT 55 THRBOMMIITATH 5, Rt Delerive 5 213, BERHIRRICBNT
PPARoS p65 BRI E#EET B I EETHLTWS, Uizt T, MENEHIICBNTHERIC PPARaA p6b LiEE
L. EEETFO T OE—5—~D NF«B OfAEMEL THAONE LIV, HBW0WE, PPARod NF«B &
BB Fcoactivator) & DEES ZHIARNIIAET B Z &Ik D NF«B OiEHEZ K F S B TWARlREE bIEE X NS,
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7 - AT TRV SER (Vold 2001) 148k,
YERkH :2002E3 B 15 H

A -179/+12 hIL-6-LUC B —258/+40 hVCAM-1-LUC
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[
(3]
1
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et
(=]
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[9,]
i

Luciferase Activity (fold Induction)
Luciferase Activity (fold Induction)

0 0
TNF-a - - + + + + TNF-a¢ - - + + + +
Feno (uM) 0 100 O 10 50 100 Feno (uM) 0 0 100 10 50 100

B1 IL-679E—%— (A) BLUVCAM-170%—%— (B) OFHIRIZT7=/71475— DR
BAEC {2 IL-6 L #— % —®{EF (—179 /+12 hIL-6-LUC) F 7:it VCAM-1 L F— % —&{EF (-258
/+40 hVCAM-1-LUC) #BAL7x/74 75—}t (Feno) T24BFR0E L7:#, TNF-a (20 ng/ml)
THIBL SRR (A) T2 405 B) Hors 7295 —-YightilE L.
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A.IL-6 gene

B. VCAM-1 gene

TNF-a
- — Feno Pio

5'-AAATGTGGGATTTTCCCATG 5'-CTGCCCTGGGTTTCCCCTT-
-GAAGGGATTTCCCTCCGCC

M2 IL670%—%— (A) BIUVCAM-1 70%E—— (B) ~0NF-xBOHALRIEF 727475
= Ot ' - -

HUVEC%#72z/7475—} (Feno) $i¥4 7Y%y (Pio

) TAEEL 7%, TNF-a (20 ng/ml)
THIBL 4 BRI RA S MM L EMSA #1575 7.

Control

:3%? %

LN

3 TNF-gi2& % NF-xB p65s BEAOBABITICRIZT 72/ 74 75— L OEH
HUVEC#% 100 yM D7 x/ 74 75— 1 (Feno) THE L/t TNF-a (20 ng/ml) THBMLZ. i
NF-« B p65 ik & AV 7o it %97 o 7. LB : blocking peptide (—), TEX: blocking peptide (+)
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BERRBREIC X 5 C57BL/6 w7 A0 BIFERE t:m' A%

R @R
PE KEEMKEMEENHPE MEE Eh
BA #HERFEFH BENEEE KFER4
3= 4 .

R M BTALE 55 T4 OFF ST B MAEREE O 2 h = X LA DBBE T Tid e  TREMAHK
EORRBICORIOEBDNL, 40, RARTITEETFRIEOAFTL (fEbILS C57BL6
YYALAWT, T AREMBLEETVEERL ., L THEEROLE LFE L BES 5 Bel-
2 family ¥ ¥ /37 DRERIZOVWTERE - EEHICRET 2,

K CSIBLI6 v 7 A E BV BiENIX. T ORESREMAET L2 LICE > TiTo 70
ATER (sham I ¥ bO—V), BIA (1 85M&EM) LATABE (6 MEMmE4 8B
1 8 A MEML) 125 7o AR BT ICiTo RS MAP-2 12 X - TRl L 72, Bel-
25 YNy R EBMNIRIET S0, 6 SHBMBEFET 4 R, 2 4R, 4 8HFR], 7 2
B, 1EMTEICEERILLT, KE.B%. BEBLZhZhFM L. western blot DS
HEAVT, Bal-2 ¥ 280 # BRIICHIE L. /5> FOREEEEFMT 0 |

RIMBROBFHZEMREBII RO ICHE L THABR TERICS D o7z, BMAEIZBVTIL,
MAP-2 REFREIITITTRITBE L7 gL B TR T MAP2 R EIIETR
LA PR ) EFIGEVRETRE SN, 6 4MEmE., BREIIBVT Ba-2 ¥ v
L IDEMHEXE—FT4 SHMOBETY—2I0E L,

C57TBLI6 ¥ 7 AZBW T . BEMREMIZ 2 nZOBIEMREmMICH L TREEB DL b
PR E NIz, CORFBVERIIFMMBEMIC XS Bcl-2 ¥ Y7 DML BEEN D 5 LRBET S,

Key word: CS7BL/6 mice; Bcl-2; Ischemic preconditioning; Striatum; Sublethal ischemia

Introduction
The bel-2 proto-oncogene is first discovered in b-cell lymphoma and a variety of other cancers

(Tsujimoto et al.,, 1985). It is also observed in the central nervous system (CNS) during embryonic
development (LeBrun et al., 1993; Novack and Korsmeyer, 1994), but levels are greatly downregulated in
the majority of postmitotic CNS neurons of adult brain (Merry et al., 1994). The bcl-2 family of
oncogenes encodes specific proteins that regulate apoptosis induced by a variety of stimuli (Vaux et al.,
1988; Davies 1995). Among these related proteins, Bcl-2 and Bcl-x] suppress apoptotic cell death,
whereas Bax promote it (Oltvai et al., 1993). Changes in the bcl-2 family genes levels have been
observed as early as 6 to 8 hours after ischemia (Krajewski et al., 1995; Chen et al., 1996; Antonawich et
al.,, 1996). Therefore, it has attracted the most attention that the counterregulated expression of Bcl-2

family proteins determines whether neurons toward survival or apoptosis (Yang E et al., 1996, Kroemer

G., 1997).
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Most evidence indicated tilat apoptotic cell death may occur after transient cerebral ischemia and that
dysregulation of Bcl-2 and related proteins accelerates ischemic neuronal injury. Furthermore, a
forebrain ischemic preconditioning model in C57Black/Crj6 (C57BL/6) mice developed recently in our
laboratory has shown that striatal neuronal injury after transient bilateral common carotid artery occlusion
(BCCAQ) can be strongly reduced by a sublethal ischemic episode (Wu CR et al., 2001). To address the
question of whether these Bcl-2 family proteins participate in the occurrence of ischemic preconditioning
protection induced by sublethal forebrain ischemia, we examined Bcl-2, Bcl-xl, and Bax expression by
immunohistochemistry and immunoblot assays in the normal striatum and following 6 min of sublethal

forebrain ischemia in C57BL/6 mice.

Objective

We developed an ischemic preconditioning model in C57BL/6 mice. And then aimed to address the
question of whether Bcl-2 family proteins participate in the induction of ischemic tolerance. As a
preliminary experiment, we examined if ischemic preconditioning alters expression of apoptosis inhibitor

Bcl-2, Bel-x1, and apoptosis promoter Bax by using western blot.

Materials and Methods

Induction of forebrain ischemia

Experiments were carried out in adult male C57BL/6 mice weighing 19 to 23 g (8-10 weeks old).
Animals were allowed free access to food and water and housed in a climate-controlled environment
(25TC). Forebrain ischemia was induced by Bilateral common carotid artery occlusion (BCCAOQ) for 18
min under 1.0% halothane/oxygen anesthesia via a face mask. During the procedure, the rectal
temperature was maintained between 36.7 and 37.5°C. After reperfusion, the animals were cared in a
warm, humidified chamber (32-33°C) for another 3 hours before being returned to their cages. For
preconditioning, animals were subjected to a 6-min BCCAO 48 h before the 18-min ischemia. The
animals underwent exposure of bilateral common carotid arteries without BCCAO were used as
sham-controls.

Transcardilac perfusion and brain tissue preparation

On the 7° day after reperfusion, animals were reanesthetized by an intraperitoneal injection of sodium
pentobarbital (150 mg/kg) and transcardiacally perfused with 0.1 M PBS containing heparin (4 units/ml),
followed by 0.01 M periodate-0.075 M lysine-2% paraformaldehyde (PLP) in 0.0375 M
phosphate-buffered solution (pH 6.3). The whole brain was removed from the skull and post-fixed in the
same fixative for 4 h. Thereafter, the brains were washed in gradually increasing concentrations of
sucrose in 0.1 M PBS (10% for 4 h, 15% and 20% for 12 h each) and then rapidly frozen in
2-methylbutane chilled at -80°C. Consecutive coronal sections (16 um) were prepared on a microtome

and used for microtubule-associated protein-2 (MAP-2) immunohistochemistry staining. For in situ
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detection of DNA fragmentation, another set of animals were perfused with 0.1 M PBS containing
heparin (4 units/ml) followed by 20% sucrose in 0.1 M PBS at 72 h after reperfusion. The brains were
then removed from the skull, and rapidly frozen in 2-methylbutane chilled at -80°C.

Assessment of neuronal damage

Ischemic neuronal damage was visualized by MAP-2 immunohistochemistry. Briefly, sections were
post-fixed with 4% paraformaldehyde in 0.1 M PBS for 10 min and washed three times with 0.1 M PBS.
Endogenous peroxidase was inactivated by incubating the sections with 30% methanol containing 0.1%
H,0, (v/v) for 45 min. Sections were then followed by sequential incubations in 1) 2.5% horse serum in
0.1 M PBS containing 0.2% Tween-20 and 1.5% BSA for 60 min, 2) anti-MAP-2 monoclonal antibody
(Boehringer Mannheim, Mannheim, Germany) diluted in 0.1 M PBS at 4°C overnight, 3) biotinylated
horse anti-mouse IgG for 60 min, and 4) avidin-biotin-peroxidase complex in 0.1 M PBS for 60 min.
The biotinylated secondary antibody and the avidin-biotin-peroxidase were purchased from Vector
Laboratories (Burlingame, CA). The MAP-2 immunoreaction was visualized by incubating the sections
with 0.05% 3,3’-diaminobenzidine and 0.002% H,0,.

In situ labeling of DNA fragmentation

By using an apoptosis in situ detection kit (Wako Pure Chemical Industries, Osaka, Japan), terminal
deoxytransferase-mediated dUTP-nick end labeling (TUNEL) was carried out on non-fixed sections (16
um). Sections were post-fixed with 4% paraformaldehyde in 0.1 M PBS for 15 min at room temperature,
followed by ethanol/acetic acid (2:1) for 5 min at -20TC, and then penetrated with 3% Triton X-100 in 0.1
- M PBS for 60 min at room temperature. The sections were then incubated in TUNEL reaction solution
for 60 min at 37C. After washing, sections were incubated in 30% H,0, in 0.1 M PBS for 10 min to
quench endogenous peroxidase and incubated with anti FITC-conjugated peroxidase for 60 min at 37TC.
TUNEL-positive cells were visualized with diaminobenzidine. Identical to the assessment of intact
neurons, TUNEL-positive cells were counted in five assigned subregions. .

Western blot analysis

Immediately after decapitation at 4, 24, 48, 72 h, and 7 day following 6 min ischemia (n = 12 per
group), mouse striatum was dissected, and homogenized in RIPA buffer containing protease inhibitors on
ice. After centrifugation at 14,000 g for 30 minutes, the serum was collected. The protein levels were
quantified by spectrophotometry, and the lysate was boiled at 95 in sodium dodecyl sulfate loading buffer
(100 mmol/l Tris-HCI, 200mmol/ dithiourea, 4% sodium dodecyl sulfate, 0.2% bromophenol blue, and
20% glycerol) for 5 minutes. Then, 40 x g protein samples were loaded onto a 12%
SDS-polyacrylamide gel. The transferred polyvinylidene difturide (PVDF) membrane was incubated in
either mouse anti Bcl-2 (1:1000, Transduction Laboratories.) or rabbit anti Bcl-XL, Bax antibody (1:500,
Santa Cruz Biotechnology Inc.) for 2 hours at room temperature. After washing three times in PBS
containing 0.1% Tween-20, the appropriate secondary antibody was applied at a 1:3000 dilution for 1 h.

The membrane was washed in PBS containing 0.1% Tween-20 three times over 30 mia, then incubated in
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ECL Plus westem blotting detection reagents (Amersham Pharmacia Biotech) and exposed to Fuji RX
film (Fuji, Tokyo, Japan). Autoradiogram signals were quantified by a gel densitometric scanning
program. The relative protein levels were determined from the relative optical densities of the
corresponding protein bands and were normalized to background values obtained on the same lane.

Statistical analysis

Quantitative data are expressed as mean + standard deviation (SD) and analyzed by one-way ANOVA
after normality of distribution was proved. ANOVA was followed by Dunnett’s post hoc test for
multiple comparisons. A p-value less than 0.05 is considered statistically different.

Result

On the seventh day after 18-min ischeniia, neuronal loss could be found in the striatum, hippocampal
CAl, CA2 and CA3 regions, and the cortex as well as other regions, as visualized by MAP-2
immunostaining. In the hippocampus, neuronal loss always occurred in the dorsal CAl region, CA2 as
well CA3 region. In 3 out of 6 animals, CAl neuronal damage was asymmetric after 18-min ischemia.
In contrast, striatal neuronal damage in the bilateral striatum was symmetric and more consistent.

Since neuronal damage in the striatum was more consistent after the 18-min ischemia, the extent of
protection by ischemic preconditioning was examined in the striatum by MAP-2 immunohistochemistry
staining. In the sections obtained from sham-control animals, both soma and dendrites were intensively
stained. 1Ischemia for 6 min resulted in no detectable loss of MAP-2 immunoreactivity in the bilateral
striatum. An 18-min ischemia caused near complete loss of MAP-2 immunoreactivity in 4 out of 6
animals. A 6-min ischemic episode performed 48 h before the 18-min ischemia strongly reduced the
loss of MAP-2 immunoreactivity due to the 18-min ischemia.

There were no TUNEL-positive cells to occur in sections obtained from sham-control animals.
TUNEL-positive cells intensely existed at 72 h after reperfusion in animals subjected to 18-min ischemia
but not 6-min ischemia. Again, the 6-min ischemia performed 48 h before the 18-min ischemia
significantly reduced the number of TUNEL-positive cells caused by the 18-min ischemia.

The levels of Bel-2 and Bcel-x! proteins expression were increased from 4h to 7 days after 6 min of
BCCAQO with a maximum intensity occurred in the 48h time point.  Bax immunoreactivity was very

faint in the above mentioned time points.

Discussion
The major finding of the present study is that transient bilateral common carotid artery occlusion
produces a consistent striatal injury that can be strongly attenuated by a sublethal ischemic episode. And
also we demonstrate that the Bcl-2 family proteins participate in the process of this ischemic protective -
effect.
Currently, almost all available ischemic preconditioning models have been developed in rats or gerbils,
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but this is not corresponding to that most genetic alterations have been performed in mice, Among
different strains, the C57BL/6 strain has been shown to be most susceptible to transieat ischemia induced
by BCCAO (Barone et al., 1994; Fuijii et al., 1997; Yang et al., 1997). Additionally, studies have shown
that injury to the striatum in CS7BL/6 mice is more consistent in comparison with injury to the
hippocampal CA) region (Terashima et al., 1998).

In preliminary experiments, we had examined neuronal damage induced by BCCAO for 3,4,6and 8 -
min. Although there was no striatal and hippocampal neuronal damage to be found after 3 or 4 min
ischemia, their protections against the subsequent 18-min ischemia were weaker. In contrast, ischemia
for 8 min sometimes caused serious striatal and hippocampal neuronal damage. We thus chose a
duration of 6 min as the conditioning ischemic insult. While the 6-min ischemia did not cause
noticeable striatal neuronal damage as demonstrated by both MAP-2 immunohistochemistry staining, it
rendered strong protection against ischemic neuronal damage induced by the subsequent 18-min ischemia.
The extents of protection are comparable with that reported in hippocampal CA1 neurons in a gerbil
ischemic preconditioning model (Kirino et al., 1991; Kitakawa et al., 1990). In addiﬁon, we also found
that ischemia-induced DNA fragmentation was attenuated by the conditioned ischemia, indicating that
anti-apoptotic actions may be induced by the conditioning ischemic episode.

The;?e may be several mechanisms by which Bcl-2 and Bcl-xl exerts their protective effects on ischemic
neurons. Bcl-2 plays a key role in regulating initiation of programmed cell death by preventing egress of
cytochrome C into cytoplasm. Cytochrome C, in turn, complexes with apaf-1 activating caspase 9, an
important triggering event in apoptosis. Bcl-2 may also play a role in stabilizing the mitochondria and
maintaining its membrane potential, thus preventing the generation of free radicals. So that, the

expression of Bcl-2 in neurons that are stressed may be an important event that ensures neuronal survival.
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Summary

Effects of FK409 were investigated in perfused guinea-pig Langendorff hearts subjected to ischemia
and reperfusion. Nitric oxide electrode, fluorometry and *'P-NMR were used to monitor the changes in
the cellular high phosphorous energy and NO and Ca* content in the heart together with simultaneous
recordings of left ventricular developed pressure . An NO electrode was placed in the right atrium
of a fura-2 loaded heart. After cardioplegic arrest with St. Thomas’ Hospital solution, normothermic
(37°C) global ischemia was induced for 40 min, and the hearts were reperfused for 40 min. FK409 at
10°*M, which has aminimum inotropic effect on nonischemic hearts, was added to the cardioplegic solution.
Treatment with FK409 reduced the left ventricular end-diastolic developed pressure during and after
the ischemia and improved the post-ischemic recovery of LVDP from 55.4% at 40 min of reperfusion in
FK409-free hearts up to 80.4% in hearts treated with FK409 (p < 0.01). The flow rate (m!/min) at 1.5
min after treatment with STS was 27.7 in hearts treated with FK409 compared with 21.2 in drug-free hearts
(p < 0.01). Treatment with FK409 had a significant preservation effect on the tissue level of §-ATP
at the end of ischemia or reperfusion. During ischemia, arrested with STS, the intracellular Ca®
accumulation and NO release were reduced. At the end of the 40 min period of ischemia in FK409-treated
hearts, NO release was 86% greater than in drug-free hearts without reference to the Ca? concentration.
In cardiac surgery, normothermic arrested hearts are subject to damage by oxygen—-free radicals in
reperfusion-injury. Therefore, NO exogenously supplied- by FK409 was responsible for the
cardioprotectiveaction, presumably by actingdirectiy as anoxygen radical scavenger during reperfusion
It is suggested that a specific NO-donor, like FK409, has potential therapeutic use as an NO-mediated
vasorelaxer and additional protective action of the NO-donor for reperfusion-injury hearts if added
before ischemia.
Keywords: FK409,nitric oxide electrode, Ca*-fluorometry, *P-NMR, ischemia-reperfusion.
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Abstract

The Wnt signaling pathway is essential for embryonic development and can be involved in
tumorigenesis when aberrantly activated. This signaling stabilizes B-catenin, which accumulates in the
cytoplasm, binds to T-cell factor (TCF) and then upregulates transcription of downstream genes. In a
subset of Wilms tumors, B-catenin mutations have been identified, and this suggested that abnormally
activated Wnt signaling may contribute to tumorigenesis of this tumor. Because Axin has been recognized
as a main component of Wat signaling, and its mutations were reported in several types of malignancies,
we analyzed Axin gene mutations in 22 pediatric renal tumors. Twenty-four sets of the primers, which
cover the whole coding region of the Axin gene, were used for PCR-SSCP analyses. Samples revealing
aberrant band patterns were further analyzed for sequencing. PCR-SSCP analysis found differently
migrating bands in samples amplified for exons 2, 5, 6, 10 and their flanking introns. After sequencing
these samples with migrating bands, the nucleotide changes were determined. Three of these variants
were intronic nucleotide substitutions, and other four variants were substitutions in the exons which did
not result in amino acid change. Frequency of each nucleotide change ranged from 2% to 48%,
accordingly no pathogenetic gene mutations were detected. Our results indicated that mutations of Axin
gene as a mechanism of tumorigenesis are not associated with pediatric renal tumors including Wilms
tumors. For better understanding of Wilms tumor carcinogenesis, further investigations on the other
components of Wnt signaling such as APC, GSK-3B, and PP2A will be helpful..

Key words: Axin gene, mutation, PCR-SSCP, Wilms tumor.

Introduction:

The Wnt signaling pathway plays critical roles in embryonic development and tumorigenesis
(1,2). This signaling stabilizes B-catenin, which accumulates in the cytoplasm, binds to T-cell factor
(TCF) and then upregulates transcription of downstream genes (3-5). In a number of human cancers,
different genetic defects which aberrantly activate Wnt signaling through B-catenin stabilization have
been demonstrated (1). These include alterations of adenomatous polyposis coli (APC), B-catenin, and
serine/threonine protein phosphatase 2A (PP2A). Axin is recently discovered as a main component of Wnt
signaling pathway, and different domains of Axin have been shown to interact with other components of
Whnt signaling such as APC, glycogen synthase kinase-3beta (GSK-3), B-catenin, PP2A and Axin itself
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(6-8). Axin is thought to have a critical role in degradating cytoplasmic B-catenin. Consistently, in SW480
cells, a human colon-cancer cell line that accumulates B-catenin in nuclei, overstatement of Axin reduces
the level of B-catenin and suppresses TCF-dependent transcription (7, 9).

The molecular pathways involved in Wilms tumor development are largely unknown. Many
genes have been identified as being putatively regulated by WT1 gene. However, the cellular pathways
abrogated as a result of WT1 mutations have yet to be identified (10). On the other hand, the recent
identification of B-catenin mutations in 15% of Wilms tumors implies that alteration of Wnt signaling
pathway is important in the genesis of at least a subset of Wilms tumors (11). Because Axin is now
regarded as an important component of Wnt signaling and its gene mutations have been detected in
several kinds of malignancies (12,13), we performed this study to determine whether Axin mutations are

involved in Wilms tumors and other pediatric renal tumors.

Materials and methods:
Tumor Specimens

Tumor specimens were collected from 22 patients during tumor resection at Osaka University
Hospital and its affiliated hospitals. This series include 16 Wilms tumors, 3 malignant rhabdoid tumors of
the kidney (MRTKs), 2 clear cell sarcomas of the kidney (CCSKs) and 1 congenital mesoblastic
nephroma (CMN). All tumor samples were examined microscopically prior to DNA extraction. All these
samples were frozen in liquid nitrogen and keep at -800C. DNA was extracted from frozen tumor tissues
according to standard protocol involving proteinase K digestion, seral phenol and chloroform extractions,
and ethanol precipitation.
Polymerase Chain Reaction - Single strand Conformation Polymorphism
Analysis

The complete coding region of the Axin gene was amplified in 24 different polymerase chain
reaction (PCR). The 23 primer sets were prepared according to primer sequences reported by Satoh et al
(12). To analyze exon 10, we designed a set of primer 5’-GTTCCCTAGGTATGTGCAGG-3’(forward
primer) and 5’-CTGCTTCTGAGCGTGGTA-3’(reverse primer). PCR reaction was performed in a
volume of 50ml containing 100 ng of DNA, 50 mM KCl, 10 mM Tris-HCI, 2 mM of each dNTP, 10 pmol
of each primer, 1.0~1.5mM MgCl 2 and 0.25U Taq polymerase. Initial denaturation at 940C for 5 min
was followed by 35 cycles on an automated thermal cycler (Takara PCR Thermal Cycler, Japan). These
included denaturation at 94C for 30sec, annealing at 60~64 C for 30sec. and extension at 72C for 1 min.
A final extension step at 72C for 10 min was added.

PCR amplified products were applied for single-strand conformation polymorphism analysis
(SSCP). One~two ml of each PCR product was electrophoresed on a 15% nondenaturing polyacrylamide
gel (Clean Gel, Pharmacia Biotech, Uppsala, Sweden) in a Multiphor Il system (Pharmacia Biotech,
Uppsala, Sweden) with constant temperature at either 5, 10, 15 or 200C. The gel was stained by silver
staining to visualize single strand DNAs, and band patterns were examined.
DNA Sequencing

Specimens showing abnormal SSCP patterns in the initial screening were reexamined by

further duplicate SSCP analyses of PCR products derived from two additional separate PCR reactions.
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Those showing reproducible results were subjected to DNA sequencing. Cycle sequencing was performed
using the ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems).
Sequencing products were applied to an ABI prism 310 Genetic Analyzer, and detail of mutations was

determined.

Results:

PCR-SSCP analysis found differently migrating bands in samples amplified for exons 2, 5, 6,
10 and their flanking introns. After sequencing these samples with migrating bands, the nucleotide
changes were determined. Three of these variants were intronic nucleotide substitutions, and other four
variants were substitutions in the exons which did not result in amino acid change. Frequency of each
nucleotide change ranged from 2% to 48% (Table I). Abnormal band was not detected in other sets of

primers.

Discussion:

The human Axin gene locates at 16p13.3 and encodes a 900-amino acid polypeptide with 87%
identity to the mouse protein (14). Axin protein is a component of the Wnt signaling pathway which
might be involved in tumor formation when aberrantly activated. The final effector of the signaling, f-
catenin, binds TCF/LEF to act as transcriptional activator (3-5,15). When degradation of B-catenin
through specific phosphorylation by GSK-3B is blocked, B-catenin is stabilized and stimulates the
statement of genes including c-myc, c-jun, fra-1, and cyclin D1 (16).

Axin binds and interacts with b-catenin, GSK-3b and other several components involved in the
Whnt signaling. Because Axin has been proposed to facilitate the phosphorylation of b-catenin by GSK-3b
(17,18), loss of Axin function may lead to oncogenic effect through b-catenin stabilization. Indeed,
biallelic inactivation of the Axin have been found in human hepatocellular carcinomas (HCCs) and cell
lines (12), which lack other causes for b-catenin stabilization such as mutation of b-catenin gene. All
these findings strongly indicate the tumor suppressor property of Axin and its contribution to the
development of human malignancies through aberrant activation of Wnt signaling. |

In our present study, we have only detected several silent mutations in the coding region and
intronic polymorphisms of Axin gene in childhood renal tumors including Wilms tumor, MRTK, CCSK
and CMN. All these nucleotide alterations detected were not tumor specific, because the same alterations
were observed in the other kinds of tumors such as hepatocellular carcinomas (12), breast and colon
cancers (13), and neuroblastomas (our recent data). Furthermore, some of these alterations appear to
occur at relatively common frequencies. Our results suggest that Axin gene mutations as a mechanism of
tumorigenesis are not associated with the tumors originated from the kidney in children.

However, f-catenin gene mutations have been recently demonstrated in 15% of Wilms tumors
investigated, suggesting an important involvement of aberrantly activated Wnt signaling in this pediatric
renal tumor. Interestingly, these B-catenin mutations are highly associated with occurrence of WT1 gene
mutations. Both of mutations affect two different cellular mechanisms, and may be necessary to obtain

clinically malignant property. For better understanding of Wilms tumor carcinogenesis, further
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investigations on the other components of Wnt signaling such as APC, GSK-3pB, and PP2A will be
helpful.
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The Anti-tumor Effects of Intra-portal Injection of Fibroblasts Genetically Engineered
to Secrete IL-12 in Murine Liver Metastasis Models
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Abstract

Augmentation of the hepatic immune system with IL-12 administration can prevent and treat liver metastasis.
Fibroblasts genetically engineered to secrete IL-12 have been shown to possess anti-tumor activity in the subcutaneous
tumor models. In this study, the anti-tumor effect of intra-portal injection of fibroblasts genetically engineered to secrete
IL-12 was investigated in murine liver metastasis models. Transfected fibroblasts (3T3-IL-12, 3T3-neo) were obtained
from NIH-3T3 cells transfected with retroviral vectors. Intra-portal administration of 3T3-IL-12 cells on day O
suppressed the tumor establishment in MC-38 liver metastasis models. In cell tracking experiment, the red fluorescent
cells were mainly detected in the liver after intra-portal injection of PKH-26-labeled 3T3-IL-12 cells, but few in other
organs. And these cells remained in the liver even after 7 days. IL-12 and IFN-y levels in the serum and in the liver
extracts were up-regulated by the intra-portal injection of 3T3-IL-12 cells. Intra-portal administration of 3T3-IL-12 cells
suppressed the establishment of liver metastasis in a2 dose-dependent manner. Intra-portal administration of 3T3-IL-12
cells on day S suppressed the growth of established tumors in MC-38 liver metastasis model. The intra-portal injection
of 3T3-IL-12 cells induced lymphocytic infiltration in MC-38 tumors. After the treatment with 3T3-IL-12 cells, IFN~y
production by splenocytes re-stimulated with irradiated parental tumor cells in vitro was significantly increased.
Specific cytotoxicities of splenocytes against parental tumor cells in vitro also were induced by intra-portal injection of
3T3-IL-12 cells. These findings suggested that intra-portal injection of IL-12-producing fibroblasts would be an

effective strategy for the treatment of liver metastasis.
Key Words  IL-12, fibroblast, liver metastasis, gene therapy

Introduction

IL-12, a disulfide-linked heterodimer consisting of 40-kDa and 35-kDa subunits, is originally produced by
macrophages, dendritic cells and granulocytes. IL-12 presents marked therapeutic effects in a wide variety of tumor
models', involving NK cells, T cells, macrophages, dendritic cells and tumor cells. IL-12 stimulates NK cells to
produce IFN-y, induces Th1 development, enhances CTL to kill tumor cells, activates macrophages, modulates activity
of dendritic cells and inhibits angiogenesis®~’. However, systemic administration of IL-12 has caused dose-dependent
and schedule-related toxicity in clinical trails. In the first clinical trial, systemic therapy of IL-12 resulted in the death of
2 patients and led to severe toxic effects in other 15 patients®,

Tahara et al started a clinical trial for melanoma, head and neck cancer, and breast cancer by weekly injections of IL-
12-producing fibroblasts at the site of palpable tumors’. We thought that intro-portal administration of IL-12-transduced
fibroblasts should be effective to induce production and localization of IL-12 in the liver. Though there are several

10 1 to our knowledge, there are

reports about systemic administration of IL-12 for liver metastasis in murine models
few reports about intro-portal administration of IL-12-transduced cells for liver metastasis. In this study, we investigated

the anti-tumor effect of intro-portal administration of IL-12-producing fibroblasts to prevent and treat the liver

- 208 -



metastasis in the murine models.

Material and methods

Cell lines and mice MC-38, a poorly immunogenic C57BL/6 murine colon adenocarcinoma cell line, was kindly
provided by Dr. Steven A. Rosenberg (Nation Cancer Institute, USA). Female 6- to 10-weeks-old C57BL/6 mice were
purchased from Clea Japan (Tokyo, Japan). Mice were fed in the Institute of Experimental Animal Sciences of Osaka
University Graduate School of Medical, and routinely screened and found to be specific pathogen free.

In vivo tumor experiments  Under the anesthesia of ketamine hydrochloride (Sankyo Co., Tokyo, Japan),
C57BL/6 mice underwent laparotomy. In the liver metastasis models, tumor cells were injected into the portal vein on
day 0. After the mice were sacrificed on day 21, the liver was weighed and cut to slices each 3 mm thick. The number of
metastatic nodules was counted using a dissecting microscope. In intracutaneous tumors, mice were shaved over the
right flank and were injected intracutaneously with a tumorigenic dose of tumor cells. The growth of the intracutaneous
tumors was monitored in the next 21 days, and the tumor sizes (square millimeters) were shown as the products of the
perpendicular diameters of each tumor.

In vivo cell tracking experiment PKH-26 (Sigma Chemical Co, USA) is a red fluorescent cell linker, which was
used in vitro and in vivo cell tracking application'?. 3T3-IL-12 cells were labeled with PKH-26 as described
previouslylz. PKH-26-labeled 3T3-IL-12 cells were injected into the portal vein. After 2hr, 1, 2, 3, 5, or 7 days, the mice
were sacrificed and harvested organs were embedded in OCT compound (Sakura Funetechnical Co., Ltd., Tokyo,
Japan), and stored at —80°C stored. PKH-26-labeled cells were observed through a fluorescent microscope.

Statistical analysis  Statistical analysis of experiments was performed using Student’s t-test and ANOVA test
when involved growth of intracutaneous tumors. Data are presented as mean=®SD. P values less than 0.05 were

considered as statistically significant.

Results

IL-12 production by genetically engineered fibroblasts in vifro.  To determine IL-12 production by 3T3-IL-12
cells, 1x10° transfected fibroblasts were cultured in a 75-cm? culture dishes for 48 hr, then supernatants were collected.
IL-12 production by 3T3-IL-12 cells was 45.5+6.8 ng/106 cells/24 hr. IL-12 production by 3T3-neo cells or non-
transfected MC-38 cells was not detected, <0.05 ng/1 00 cells/24 hr.

Intra-portal administration of 3T3-IL-12 cells on day 0 suppressed the tumor establishment in MC-38 liver
metastasis models.  After intra-portal injection of MC-38 cells, 1x10° of 3T3-IL-12 cells were injected intra-portally
or intraperitoneally on day O, and the same amount of 3T3-neo cells or HBSS were injected into the portal vein as
controls at same time. The livers were removed on day 21, and the liver weight and the number of metastatic nodules
were examined. The liver weight of the mice treated with 3T3-IL-12 intraperitoneally significantly less than those of
mice treated with 3T3-neo cells (P=0.0441), and the liver weight of the mice treated with 3T3-IL-12 intra-portally also
significantly less than those of mice treated with 3T3-neo cells (P=0.0006). The numbers of metastatic nodules in the
3T3-IL-12 intraperitoneal treatment group or in the 3T3-IL-12 intra-portal treatment group were significantly less than
that in the 3T3-neo group (P<0.05).

Intra-portally injected 3T3-IL-12 cells remained in the liver, and up-regulated IL-12 and IFN-y levels in the
sera and the liver extracts. To trace intra-portally injected 3T3-IL-12 cells, 1x10° of PKH-26-labeled 3T3-IL-12
cells were injected into the portal vein, while unlabeled 3T3-IL-12 cells were used as controls. The red fluorescent cells
were observed in the liver 2hr after the injection, but few in the Iung, the brain, the kidney, the spleen and the muscle.
Further, these cells were continually observed in the liver in the next 7 days, but not in the other organs at all.

Sera and liver extracts were collected after the intra-portal injection of 3T3-IL-12 cells from day 1 to day 14. The
IL-12 levels in the serum or in the liver extracts peaked 5 days after intra-portal injection of 3T3-IL-12 cells and

- 209 -



gradually decreased until 14 days. The peak of IFN-y levels in the serum or in the liver extracts occurred 7 days after the
injection, delayed a few days compared with those of IL-12. Elevations of IL-12 or IFN+y levels were not observed in
the mice injected with 3T3-neo cells into the portal vein.

Intra-portal administration of 3T3-IL-12 cells suppressed the establishment of MC-38 liver metastasis in a
dose-dependent manner.  After intra-portal injection of MC-38 cells, 3x10°, 1x10* 3x10" or 1x10° of 3-IL-12 cells
were injected into the portal vein on day 0. The significant decrease was observed at the dose of 1x10* 3T3-IL-12
cells/mouse, compared with those of the 3T3-neo group (P<0.05). The strongest anti-tumor effect was obtained in the
groups using 1x10° 3T3-IL-12 cells/mouse. Intra-portal injection of 3T3-IL-12 cells suppressed the establishment of
liver metastasis in a dose-dependent manner.

Intra-portal administration of 3T3-IL-12 cells on day 5 suppressed the growth of established tumors in MC-38
liver metastasis models. The established liver metastasis of MC-38 was treated with 3T3-IL-12 cells. After 5 days
of intra-portal inoculation of MC-38 cells, 1x10° of 3T3-IL-12 cells were injected into the portal vein. After 21 days, the
liver weight and the number of metastatic nodules examined. The liver weight and the number of metastatic nodules in
the 3T3-IL-12-treatment group significantly less than those in the 3T3-neo group (P<0.05). Intra-portal injection of
3T3-IL-12 cells on day 5 suppressed the growth of established tumors in MC-38 liver metastasis models.

Histological expression of liver with MC-38 metastasis showed that lymphocytes slightly infiltrated in the MC-38
tumors of the HBSS group or the 3T3-neo group. There were, however, lymphocytes markedly infiltrated in the MC-38
tumor of the 3T3-IL-12-treatment group. The intra-portal injection of 3T3-IL-12 cells induced lymphocytic infiltration
in MC-38 tumors.

IFN~y production by splenocytes re-stimulated with irradiated parental tumor cells was increased after the
treatment with 3T3-IL-12 cells.  Splenocytes harvested from mice with liver metastasis of MC-38 in each treatment
group were re-stimulated in vitro for 48 hr with 20 Gy irradiated parental tumor cells or YAC-1 cells to evaluate their
ability to produce IFN-y and IL-4. IFN-y production by splenocytes from mice with liver metastasis of MC-38 was
significantly increased in the 3T3-IL-12-treatment group as compared with in the 3T3-neo group (P<0.05). After these
splenocytes were re-stimulated with irradiated YAC-1 cells that were used as non-specific controls, IFN+ production by
these splenocytes was not significantly increased. No significant difference of IL-4 production was observed among
these treatment groups. These results suggest that the treatment of 3T3-IL-12 cells induced a Th]l immune response
specific to the parental tumor cells.

Specific cytotoxicities against parental tumor cells were induced by intra-portal injection of 3T3-IL-12 cells.
Splenocytes were harvested from mice with liver metastasis on 14 days after implantation of tumor cells in each
treatment group. Splenocytes from mice with liver metastasis of MC-38 presented a trend of increased cytotoxicities
against parental cells after the treatment of 3T3-IL-12 cells, and a significant difference was observed between 3T3-IL-
12 cells and 3T3-neo cells treatment groups (P<0.05). Cytotoxicities against MC-38 cells were higher than that against
YAC-1 cells that were used as non-specific controls. There was a significant difference between cytotoxicities against
MC-38 cells and against YAC-1 cells. Similar results were obtained using liver mononuclear cells derived from mice
with liver metastasis. These results suggest that the treatment of 3T3-IL-12 cells induced specific cytotoxicities to the

parental tumor cells.

Discussion

According to the previous observations in animal models, it is suggest that IL-12 is a promising candidate reagent
using in the tumor immunotherapy® " '*'°_ In our study, micro-foci of liver metastases were detected histologically and
grossly on day 3 after intra-portal injection of MC-38 cells. We injected rIL-12 from day 3 to confirm that
intraperitoneal or intrasplenic injection of rIL-12 was efficient on suppress MC-38 tumor growth of liver metastasis.

Moreover, intraperitoneal or intra-portal administration of 3T3-IL-12 cells on day O also caused an anti-tumor effect to
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suppress liver metastasis of MC-38. Though there was not a significant difference between the anti-tumor effects of
intraperitoneal administration and intra-portal administration of 3T3-IL-12 cells, intra-portal administration of 3T3-IL-
12 cells seemed to be better.

After intra-portal injection of 3T3-IL-12 cells, 3T3-IL-12 cells were observed in the liver, but few in other organs.
These cells remained in the liver in the next 7 days. Further, intra-portal injection of 3T3-IL-12 cells maintained the
higher levels of IL-12 and IFN-y in the serum and the liver extract at least during two weeks. These results suggested
intra-portal injection of 3T3-IL-12 cells induced a selective localization of 3T3-IL-12 cells and these cells produced IL-
12 in the liver.

The anti-tumor effect of intra-portal injection of 3T3-IL-12 cells was confirmed in several liver metastasis models.
At first, intra-portal injection of 3T3-IL-12 cells on day O suppressed the establishment of MC-38 liver metastasis. In
B16-BL6 (murine melanoma) or Panc-02 (murine pancreas adenocarcinoma) liver metastasis models, intra-portal
injection of 3T3-IL-12 cells on day O also suppressed the tumor establishment (data not shown). Then we showed that
intra-portal administration of 3T3-IL-12 cells suppressed the establishment of MC-38 liver metastasis in a dose-
dependent manner. It was suggested that the amounts of IL-12 produced in the liver was important for this anti-tumor
effect. Moreover, after 5 days of intra-portal injection of tumor cells, when the micro-foci of liver metastases had
formed, intra-portal administration of 3T3-IL-12 cells was also effective in the established liver metastasis of MC-38.
Intra-portal administration of 3T3-IL-12 not only suppressed the establishment of liver metastasis, but also suppressed
the growth of established micro-foci of liver metastases.

Localization of IL-12 production at the tumor site could have an advantage over systemic treatments by inducing
an immune response against regressing tumor without the need for circulating high levels of IL-12'S. Regional
application of IL-12 has been examined in subcutaneous tumor models using the peritumoral injection of fibroblasts
engineered to secrete IL-12 to activate a local anti-tumor immune response which also promoted systemic immune

17, 18 4nd the amount of

protection specific to the tumor cells'® ', It was reported that IL-12 directly effect on tumor cells
IL-12 made available at the tumor site is critical for tumor regression'’, so this strategy appears to have greater
advantage over systemic administration for liver metastasis. Systemic administration of IL-12 has caused dose-
dependent and schedule-related toxicity in the clinical trails® °. The local administration of IL-12 producing cells at
tumor site is believed to be effective in minimizing side effects, because there is with lower systemic concentration of
IL-12!% 2", Recently, a phase I clinical trial showed that peritumoral injection of IL-12-transduced fibroblasts was
feasible in patients with advanced breast cancer’>. Clinically significant toxicities were not encountered, and transient
but clear reductions of tumor sizes were observed in four of nine cases?. ]

As a summary, intra-portal injection of IL-12-producing fibroblasts into liver may be an effective strategy for the

treatment of liver metastasis.
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3. BOBAIGE

apoptosis DEZERAE(LFEMIZI ovF L DM DX 7 LAY — LBEALO Y,
bbb, DM BT HLTHS. ML I L7- DNA 2 7 4 o — R S VERKE)
CT4YBES B DNA ladder B iEIZ, apoptosis D b ) — DFEERFEAETH D. '

RILERAZTE 4. 5. 6 HHEGMLOSRMEZKZ B L, kX WAt
DNA 2L, 74 o—2F L ERIKEIZIT\, apoptosis FH##I72 DNA Wi {E
RT3,

4. BEREEDOER

HEOBEEEERIIBIT 2 HZMAZD apoptosis ZFEBAT 5 Z SITKRINL
IR, BN TH S, IREHEEBRREIRICEIT 2 HRIEEZ FR L
TERLEDBDTHD, OROBEHRIIADENEHERD EMDT/HSL, ZD
BN EMEZ—AHICEBT 2 EREBHETHS,. QFBRORIRLEHEE
s, QROEBHMMEZBET 2. QMR TUNE LIEREBOEYR&ME
ERRTS, OfRMEESY 7THlgEXBT 5, THb,

HERIITFHEULEODDTH o/, BT apoptosis AT HICEE ST, FiH
ROEW, ZBHIRIOEWIZ X o T apoptosis IZMa> 7= M DEEDOENWERH S
MZUT. 97abb, 48%KiEDEEZE Tl apoptosis NWEL T, 48%~55%
DIEIBZR, 36~48 FrEQOEERMTIZS U 7 #ifaAS, 55%~T70% DEEZE, 36
~ 48 BRI O Ea B T3 R MR A apoptosis WEU =, AT, £ - FALHE
DE X TOEIZFED apoptosis ZHER L 7. 5. FHEEIINT 52 EHN
@ apoptosis D 3 RITTHIZH ZEANTT S I EANARETH 5,

BEBIC. AMRETICH S HEROEIED IIHEZET 5,

\ m——
R REERS @ a2k _®

5. B R & & &
P RE BEMBEBUCLD. BAOBETHERSSEHERLTTS .

WEREFEERERFTOEADAT Y TEEERMLTTE WV,
XEMEERET2EEE. REER - PERESHHRMELTTFEIW.
MERICEH> T, hEE LRSI SEERALL TTI W,
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EREPFRER NE BF HBEF B ER RE
B § : Abstract

AFEBR T, JW 7HXE2 A, REBETICE 5 SHERERRTS & 0 BBINEIET L2 R D,

B 3SmmOE&RAT Y o—%HAT D L TR RREREICFHONZEE T2 ETVEERL
7. JEBRRMATHE 12 RREHD 72 R E TRIENICEESN-FRHEZHBH L, TdT-mediated
dUTP-biotin nick end labeling(TUNEL 1) BefBASAZ (B8 U7=. EEBRAAT 36 M5, 838 55%
~T0%DIBEARIZBVTC, [REAEOMRMIAIZ necrosis, B'ED glia fRBIZEZEOD apoptosis B
HRAAED b=, 4. 6 SHEHHAE L OTRIrHRAINLIT apoptosis BEHIEAS 4 BT,

Key Words : apoptosis; spinal cord; neuronal death; TUNEL

# 5 : Introduction »

1972 £E Kerr (2 X V"B &H7- apoptosis DEERIT, WEREMFENGES, X OIEYE, KE
Fe B O AEMBREOINVEIRIZOE > TR LER SN HHFFEHEF & 22> TV 5 12). Apoptosis &
12, BAEERCHEMRORZMAMICIBNTERB 2K HR0 “FEINE C, HROREL
FEREZERVEE L & ECFIEILIC X > TR ST b T 5. EFEME CBIE T 5 L, Apoptosis
Al ClIHRERm OMBEEMSEE L, TR Y, MIARHE/ N TS, BT a<F U5 EEL,
BOTEET 5. 7 L CHIREE {AAT Ak L C apoptosis body AAERE S, =2 u 77— dn
BRI T AHIRIC X > TARKREIND. ELFENRERE LTI 39, BREFEAEIZE
ST, HUEH Ca* ' RED EROBEY /0 BD Y LBk, Caspase 77 I V) —OFEM(L L E
F R HORESENR OGNS, £ LT, apoptosis DEELEE THB 7 u<wF L DNA DX J
LAY — LB TOMA{ESEZ 5. .

W8, BRAOFRMIAD apoptosis BER &N TW5. BEFND 5 X Wister Rat 2V, BEET?2
SRasE A EE L, 2MEERRER OMRMIIRMIZ apoptosis AEET B AIREME % "M L7-. Katoh
b O, ERMBMEIEMEET /TR TO DNA DBTH{L %325 apoptosis DTEEFAL ML
7=. Liu 7 {3 EEEE Tik% AL \f:%ﬁfﬁﬁﬁfﬁ_fg%?w'ﬁ@@ﬁﬁﬂﬂ@& glia #HiRED apoptosis %74
~f. Ll, BEEAFMO apoptosis IZOWTOBFEIIDR. OB, FHEOEME
EEERETNVOERIE LN LILHD. BHEEEERETNVE LT, BUREFORES &2
7V a—%RAVT-FROWEERE Y SRHEEINTWD. EEIIR S ) 2a—2 W -EioetE
ERETFNEERL, BB D apoptosis 122V VT TUNEL & THRET L 7=,

W& &A% : Materials and Methods

1I8ICD W 4% (4% 12~16 8, {AE 2.100~2. 700kg, A R) ZAWE, R T H— (25~
30mg/ke) EEYFEF TICSHHERT 2 BHA L, 5 5 FHEMAEPHMICEBEIMEIETIHLEED, B
B 3mmDBRBAY Y 2—%HAL, 3 K THFEE ORIZERED 50%—80%% L5HD5ETY-LY
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R Y 2a—%#ED, FHMORESETVEER L. (Fig. 1,Fig. 2)

FHROBRIHELBEL, FHFELTE L, 74 12 RI%, 24 BERI%, 36 RFREI% 48 6%
Bk, 2RI, R T E—V 100mg FEHEL, SEHEAIEH L. 555 BRI L v UL
D, EBREFHEENRT ) 2—R/ FREENERERL LTHE L. $E4, 5. 6 BHERLOFHEHE
BE 100%FN<Y VEHE3 B, T 74 L, 5umDNRT T 4 YR EERLE. DNA D
it R LR FRIL TdT-mediated dUTP-biotin nick end labeling(TUNEL {#)10|Z¥#£1, Apoptosis in
situ detection kit (Wako, Japan) Z R 7. YIF &M/ N5 7 ¢ >, BAILAME L, Protein
Digestion Enzyme T37°C, 5 /3| & /37 SREAER L, TdT RUSHE 37°C. 45 43181 CDNA3' K%
B L, H0: T8 CHIEME POD 2 7RiEMAIR L, POD-Conjugated Antibody #EESHIARIGL, =
B2 5 418 DAB TREXE, NFFAMEBCHEL, digital camera Ti#kLT-.

$ B :Results
1. EERHEREDET(H
B8 HIT 48%~82% Téh-7-. EBI T0%LL HITBAL 2 (INIARTIRE) FWEEZ A U,
2. {AEeRgERET
JEIBR 48%~55%. JEiB8 36 REHIL_ EDBAIY, BRI OFERIBE CEE 0 apoptosis BED
glia HIBASERD bz, #ERHID apoptosis IHEEZ Xl h o7 .
JEI83R 55%~70%, [E1BRFE 36~48 BEEDIFE I, EBEALOFREK A E OMHRHIIND necrosis
MRS b (Fig. 3). EBIAAGHEM. BMAIC 10mm BEN-ELE (5F 4. 6 ZAHEL~L) Pl
[P ERHARE O apoptosis ASFR ST (Fig. 4).
BB T0% U LOBEIL, FRAIE L glial MIRIC necrosis D3FRD L=,

# % :Discussion

HREF 1D | I— 1Bt 2ANE f € 77V C, 1555 CAT $EASHIRRITE M 2 B BICHIRRSEE LD Z L 23D,
DND(delayed neuronal death) & 43177, {LUSIIEFHEME, SIS, TUNEL #<° DNA ladder
75 £ C,DND I% apoptosis THAZ &2 HE L 1. BRNHIZIT » bOIEMAEET2 HBFEAL,
BHEFRETTVEERI U, HE e & TUNEL IR GBI L-FER, B8 12 iS5 72 K%
ICHREGEPOMEY 12mmER - RANCEEN7-BIREYER 23N o TORVBALIZ necrosis & IXE#A
DEHEEOWEMIRE AR D. EELOUVIXOHEEY A7 Y 2 —CRIEMICEAT 218156
FEBET VT, JEE 36 Bl 6 48 W5k, AR 55%~T0%D case T, [Eil SH7=HREDIK
BE OMFRMIIRIC necrosis & BE D glia #RIZZE0 apoptosis BIEARIEERD S, E8E
PLE DER, BAIZ 1 HEEREEN 7= SO HIMNIZ apoptosis EBMEMIRER BT, FRHAED
apoptosis I, BENOTEMEGIZA OGNS LRESINTEY, HEEFRIIARHAIIED 61-S-62-M
M FETORFRI L E X, apoptosis X Gl HIICHIIEA~ L IRE SN, G2 MIICHITENS 13 L3284
BHs. .

Apoptosis MFFRE & L TIL1) death ligand & death receptor D&, 2) VA bhA LD
Kz, 3) APVRARERHITONTWAD, ZOEFOITHEIEIED b7 Apoptosis DF3F
BEONFEIZ L A &, Apoptosis DEFEE E 42D signal OF < 1IHBRAME D death receptor 24 L
TIEEENS, 2T Fas (fatty acid synthase ISRARESAEEESE) ligand < INF (tumor necrosis
factor FEBFEESER-F) ITHIBAEIRIZ B — N2 35D IC L ThDI=L dipa 3y MadEn
death ligand #iE% b %, death receptor LITHEAT 5 14), death receptor DHIRASMEIRIZ =
X7 FIgERIK domain DRV R UIEERFFD, MREPNCIIRFERY LT I/ BESIOEF —7 death
domain ZEHENS. death ligand 75 death receptor I HES3 5 &, SODD(silencer of death
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domains) ILELMNE death recepor H>HAZEE L, FADD & IFEIIH 5 adapter 530 EEST 5. FADD @
N 350D DED (death effector domain) {3 Caspase—8(cysteinyl aspartic acid-protease) & #&& L DISC
PR &N, Caspase—8 ZUIMF SN TEMA{L L, Caspase-8 M T#i Caspase-3,6,7 ZIEMHILL,
Caspase~3 % DFF (DNA fragmentation factor) 15) > DFF45 % 43fi L, 53 & 7= DFF45 ODIT A3 DFF40
bR D L, DFF40 7% DNase domain 23f&EtE{b Sy, DNA Z49fiRL, Apoptosis ZB|&HE I 7.
Apoptosis DMDFER L LT, FIHRWV), B, BEE. EESHE, ENRECE-T, BHE
APMLVABELBE, ROS(reactive oxygen species)=° RNS(reactive nitrogen species) HSEEAE &
N, cytochrome ¢ 1OMI k= KU ThbilEHEL, Caspase #7&MEL, apoptosis Z5[&# .
X 52, apoptosis FERE LT, YA bhA L RZIZL D apoptosis FELALMNI R o7, FRAR
FEF (NGF) 7 KRR E R FiZ YA P A A 2 receptor Ef5E L, PI3-K(phosphatidylinositol
3-kinase) Z7EMEIL L, BT apoptosis IZHifilBY72 Bel-2 7 7 X U — A L _3—2TEMEA(L L, apoptosis
B END. ZOTHYA ML UBRZIZTT B E apoptosis BFEEND. FERICBVWTHE
L ENT-OWREHIKID apoptosis IIHFEESH O OWEERT D, BELR ML ARAEL, FIZEE
WL AFMEMDT-, A b IA L DRZIZ L - T apoptosis HABZ > T-FIREMENREZEZ BN 3.
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Abstract

Transcriptional factor Sp1 has been implicated in the expression of many genes. Moreover, it has been suggested
that Spl is linked to the maintenance of methylation-free CpG island, the cell cycle, and the formation of the active
chromatin structures. We investigated the effects of thrombin on the expression of the Cyclooxygenase-1. in the Bovine
Arterial Endothelial Cell. Treatment with thrombin induced synthesis of PGI2. Thrombin induced a transient increase of
Cyclooxygenase-1 mRNA accumulation in BAE cells, without affecting cox-2 mRNA level. The accumulation of cox-1
mRNA peaked at 30 min and decreased to control levels by 3 hours, which was associated with a time-dependent
increase of cox-1 protein expression in response to thrombin. Both increase in cox-1 mRNA and protein expression in
response to thrombin were inhibited by Hirudin, a thrombin receptor antagonist. In addition, the luciferase assay showed
that thrombin induced an about 10-fold increase in the cox-1 promoter activity compared with the control. This enhanced
KDR promoter activity was also abolished by Hirudin. The deletion analyses indicated that a spl-containing region (from
-115 to -97 bp) within the cox-1 promoter gene was required for the enhanced cox-1 expression induced by thrombin.
Band shift assays confirmed specific binding of Spl to the segment. Mutation of either Spl binding site significantly
reduced the promoter activity. These finding suggest that thrombin could induce cox-1 activity and increase PGE2
synthesis. Binding of Sp1 to Sp1 site on the promoter region activites the cox-1 gene transcription induced by thrombin.

Key words thrombin, PGI2, cox-1 promoter activity, Spl

Introduction

Prostaglandins are important mediators of a wide varity of physiological processes (1). There are two
isozymes, Cox-1 and Cox-2, that initiate prostanglandin synthesis (2-3). Both enzymes catalyze the
production of prostaglandins (PGs) from arachidonic acid (AA), generated by phospholipases A2 (PLA2s),
a family of acyl esterases that cause the release of AA from cellular phospholipids. Although
indistinguishable in their biosynthetic catalytic activities, the two isozymes appear to have different
physiological functions. Cox-1 is thought to be a constitutively expressed enzyme (4), and the expression
of Cox-2 is inducible by cytokines or other stimulati in a variety of cell types (5).

Cox-1 expression might also be regulated through extracellular signaling mechanism. Although Cox-1
has been described as a constitutive enzyme (whereas synthesis of Cox-2 has been shown to be inducible),
it has now clear that Cox-1 can be induced by cytokines under appropriate circumstances. For example
c-kit ligand, either alone or in combination with IL-3, IL-9, or IL-10. was able to induce expression of
Cox-1 in mouse mast cells (6). Similarly, stem cell factor, especially when combined with dexamethasone,
can induce Cox-1 expression in these cells (7). A recent study also demonstrated induction of Cox-1
synthesis in cells following treatment with basic FGF, although with a prolonged time course compared to
induction of Cox-2 expression (8).
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Cox-2-overexpression cells produce prostaglandins, proangiogenic factor, and stimulate both
endothelial migration and tube formation, while control cells have little activity. The effect is inhibited by
antibodies to combinations of angiogenic factor, by NS-398 (a selective Cox-2 inhibitor), and by aspirin.
NS-398 does not inhibit production of angiogenic factor or angiogenesis induced by Cox-2-negative cells.
Treatment of endothelial cells with aspirin or a Cox-1 antisense oligonucleotide inhibits Cox-1
activity/expression and suppresses tube formation. Cyclooxygenase regulates colon carcinoma-induced
angiogenesis by two mechanisms: Cox-2 can modulate production of angiogenic factor by colon cancer
cells, while Cox-1 regulates angiogenesis in endothelial cells (9).

Cox-1 overexpressing expressed high levels of functional Cox-1 polypeptide in the endoplasmic
reticulum and the nucleus. In vitro proliferation of these cells was reduced compared with vector-
transfected ECV cells. Cox~1 overexpression also enhanced the tumor necrosis factor-a-induced apotosis of
ECYV cells 2-fold. Incontrast to in vitro behavior, ECV cells proliferated aggressively and formed tumors in
athymic “nude” mice, the growth of Cox-1-induced tumors was inhibited by indomathacin, suggesting that
Cox-1 overexpression in immortalized ECV endothelial cells results in nuclear localization of the
polypeptide and tumorigensis (10).

Mice homozygous for a disrupted Cox-1 gene had no gross or microscopic pathological changes in the
gastrointestinal tract, and showed less gastric ulceration than wild-type mice after gavage with
indomethacin(11). Similarly, mice deficient in Cox-2 also showed no spontaneous gastric ulceration or
accompanying histopathological abnormalities of the intestinal epithelium (12). These studies demonsreate
that neither Cox-1 or Cox-2 are ssiential for the maintenance of gastrointestinal integrity in basal
unstressed condition.

Thrombin is generated from prothrombin in places with injury or inflammation. Thrombin exhibits its
effects through activation of the G protein-coupled receptor PAR-1 that belongs to a new family of protease
activated receptor (13). Binding to its receptor results in intracellular signal transduction, including the G
protein-stimulated phosphatidylinositol metabolism via phospholipase C-B (PLC-B) (14), protein kinase C
(PKC) activation (15-16), intracellular calcium (Ca®*) mobilization, and calcium-dependent protein kinase
activation (15). Intracellular protein tyrosine kinases are also activated, thereafter leading to the tyrosine
phosphorylation. Downstream components of thrombin-activated signaling cascades include Raf-1 and
MAP kinase (17). These signaling events lead to nuclear protooncogene transcription activation (c-fos,
c-jun, c-myc) (18) and increased expression of endogenous mitogenic factors, which subsequently cause
cell proliferation and migration. The recent study had indicted that thrombin induced the expression of
Cox-1 (19), however, the mechanism (s) of transcriptional regulation of the Cox-1 gene expression is as yet
clearly understood. In this study, we attempt to identify which thrombin regulates Cox-1 gene expression
and specific transcriptional factor that play a critical role in the regulation of thrombin-mediated
transcriptional activation of the Cox-1 gene. )

Material and Method
Cell culture

Bovine arterial endothelial cells (BAE cells) were isolated from bovine carotid artery and maintained
as previously described (20). The cells were seeded in 100-mm culture dishes with MEM Medium (Life
Technologies Grand Island, NY) containing 10% fetal bovine serum (FBS, JRH Biosciences, Lenexia, KS)
and subcultured with 5% FBS-MEM. At confluence, BAE cells were harvested with 0.05% trypin and
0.05% EDTA in PBS and resuspended in 5% FBS-MEM for further experiments. All cells were incultured
at 37°C in 5% CO,, and 95% air. The medium were changed every 2~3 days. BAE cells between passages
10~20 were used for this study.

PGI2 production by cells

BAE cells (1 X 10*) were plated in six-well dishs and grown to 60% confluence in growth medium.
The cells were then treated as described below. Levels of 6-keta PGI2 released by the cells
were measured by enzyme immunoassay. Amounts of 6-keta PGI2 production were
normalized to protein concentration.
Extraction of total cellular RNA and RT-PCR of Cox-1 and Cox-2
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When cells reached subconfluency, they were washed once with PBS and cultured in the absence or
presence of 5U/ml of thrombin for indicated times. For the isolation of RNA, cells were washed once with
PBS, and RNA was isolated by using the ISOGENE reagent (clontic) according to the protocol. RT-PCR
was performed with the SuperScript One-Step RT-PCR system (GIBCO-BRL) according to the
manufacture’s instructions. To detect the Cox-1 and Cox-2, the following primers were used as previously
reported: sense primer 5’-CAGCGGCTTTTGTGGAAGACTCAC-3’ and antisense  primer
5-ACTTCTCGGTGTCACTTCTTGGAC-3’ for flt-1, and sense primer
5’-CAACAAAGTCGGGAGAGGAG-3’ and antisense primer 5’-ATGACGATGGACAAGTAGCC-3’ for
Cox-1 (21). As an internal control, mRNA of glyceraldehydes-3-phosphate dehydrogenase (GAPDH) was
amplified by using the sense primer 5’-CCACCCATGGCAAATTCCATGGCA-3’ and the antisense primer
5’-TCTAGACGGCAGGTCAGGTCCACC-3’ (21). PCR was performed with 35 cycles of the following
amplification protocol: 94°C for 1 minute, 48°C for 1.5 minutes, and 72°C for 1 minute. Ten pul of the
amplified PCR products were electrophoresed on a 1% agarose gel (Sigma), stained with ethidium bromide
and photographed with a Polaroid camera under UV light.

Immunofluorescence staining of Cox-1 and image analysis

BAE cells (1 X 10*) were seeded into 24-well culture plates, thrombin was added at the indicated days in
0.5% FBS-MEM and cultured for 2 days. Cells were washed twice with PBS, fixed with 1.9%
formaldehyde, and rinsed three times with PBS. After blocking with PBS containing 0.2% bovine serum
albumin (blocking buffer), the cells were incubated with affinity-purified anti- Cox-1 and Cox-2 antibody
(Santa Cruz, CA) (1:20 diluted in blocking solution) for 45 min at room temperature and then with the
FITC-conjugated goat antirabbit IgG (Sigma) (1:40 solution) for 45 min. The fluorescence image analysis
was performed using an interactive laser cytometer ACAS-570 (Meridian, Okemos, MI) and the
fluorescence intensities of individual cells were measured. For each condition, three wells were prepared
and four areas per well were assayed.

Construction of the Cox-1 5’-flanking region,
5’-deletion and site-directed mutants.

A fragment of the Cox-1 promoter —1261 to 428 designated as wild-type promoter was obstained by
PCR using genomic DNA (100 ng) isolated from human planceta (Clontic). It was digested by restriction
degiestion by using 5-BlgII (Promega Corp) position —1261 and 3'-HindIll (Promega Corp) at position
+28 and cloned into the pGL3 Bisic plasmid, which was termed as Cox-1 —1261 to +28 according to the
length of the fragment from the transcription start site in the 5'- and 3'- direction. Primers were synthesized
according to the sequence relative to the ATG codon (A as +1): the upstream primers, -1261 ~ 1237, -916 ~
-899, -744 ~ -728, -565 ~ -547, -257 ~ -240; the downstream primers, +2~+28 Cox-1 916 ~ +28, -744 ~
+28, -565 ~ +28, and -255 ~ +28 were created by PCR, Cox-1 —1261 ~ +28 was used as a template. The
PCR productions were purified from agarose gel, digested by restriction degiestion by using 5'-Blg I and
3-HindIl (Promega Corp), and cloned into a promoterless luciferase expression vector, pGL3 basic
plasmid. To generate the site-directed mutants where the two Spl sites were changed, a PCR-mediated
site-directed mutagenesis was employed as described previously (22). All constructs were sequenced from
the 5' and 3' end to confirm orientation and sequenced by sequence comparison to previously published
deta(23).

Transfection and Luciferase Assay

Transient transfections were performed with FuGENE 6 transfection reagent (Boehringer) according to
the manufacture’s instructions. 1X 10* Cells were seeded in 24-well tissue-culture plates one day prior to
transfection. The pSVB-Gal and pGL3 were co-transfected as negative control. Cells were incubated in
transfection mixture (containing 0.18Lg of the appropriate reporter constructs, 0.02ug pSVB-Gal to correct
the variability in transfection efficiency; and 0.4pl FuGENE 6 transfection reagent in a total volume of 1ml
MEM per well ) for 48h. Luciferase assays were performed using a Luciferase Assay System, and
determined with the AML3000 microtiter plate luminometer. The transfection efficiency was normzlized to
the B-Galactosidase production by the AURORA™ GAL-XE system (Chemiluminescent Receptor Assay
for B-Galactosidase, [CN Pharmaceuticals, Inc. Costa Mesa, CA) according to the protocol.
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Electrophoretic Mobility Shift Assay

The shift assay was performed by a previously described procedure (19). A double-stranded
oligonucleotide used as Sp1 probe was composed of the sequence 5’-TTCAGGGGGCGGAGCCA-3’ and
5’-TTCAGTTTGCGGAGCCA-3’ (a mutant with mutanted bases underlined), both synthesized in a
Pharmacia oligonucleotide synthesizer (Piscateway, NY). The end-labeling was performed by using
Klenow polymerase with [32P] dCTP. The probe contained a consensus Sp1 binding cite and Spl mutant in
the context of the human Cox-1 promoter from nucleotides —614 ~ 597 relative to the major transcription
start site. Nuclear proteins were extracted with Nuclear protein extract kit according to the protocol. The
binding reaction mixture contained 0.5 ng of double-stranded oligonucleotide probe, 2 pug of poly (dl).poly
(dC), and 5 pg of protein in buffer C, supplemented with 35mM Mg2. After a 20 min incubation at 20°C,
the mixture was electrophoresed through a 6% (w/v) polyacrylamide gel in 0.25XTris borate-EDTA
‘running buffer for 2h. The gel was then dried and subjected to autoradiography. In competition experiments,
nuclear extracts or purified Sp1 were incubated for 5 min with unlabeled oligonucleotide or DNA fragment
in a 50-fold molar excess perior to the addition of the labeling probe. Super-shift assays were carried out by
adding 2 pg of rabbit polyclonal anti-Sp1 body to the DNA/protein mixture for 30 min at 4°C. The band
was analyzed on gel electrophoresis as described above. An unrelated rabbit polyclonal anti-Cox-1
antibody was included as negative control.
Statistical analysis :

All experiments were performed three times in triplicate. All values are expressed as meantSE, unless
otherwise indicated. Comparison of the effects of different inhibitors, and time points were performed by
ANOVA. Multigroup comparisons were carried out using Bonferroni-modified #-test. P <0.05 is
considered to be statistically significant.

Results
Cox-1 mRNA expression

The effects of thrombin on Cox-1 mRNA are shown in Figure 1. The cells were treated with control
medium or medium with thrombin for difference time. Single PCR products were obtained for Cox-1
mRNA at the expected size of 355bp. The effect was evident by 30min, and persisted for at least 24h.
Thrombin had no effect on Cox-2 mRNA abundance at any time point.

Cox-1 protein expression

The effects of thrombin on Cox-1 protein expression are shown in Figure 2. We measured the KDR protein
expression using a immunofluorescence staining assay. The data in Fig. 2 showed a similar increase in the
level of Cox-1 proteins as that of the Cox-1 mRNA, and it is quite clear that thrombin caused an
enhancement in the expression of Cox-1 proteins.

Next, to understand whether the thrombin-induced increase in the Cox-1 mRNA and proteins was
mediated through transcriptional regulation or not, we examined the effect of thrombin on the Cox-1
promoter activity using a reporter gene assay. A smallest construct containing the full Cox-1 promoter
activity (-996 to +68) was inserted upstream of a luciferase reporter gene was transfected into BAE cells,
and the luciferase activities were evaluated. As shown in Figure 3, Thrombin increased the Cox-1 promoter
activity, which changed in a time- and dose-dependent manner. These data indicate that thrombin enhanced
up-regulation of the Cox-1 promoter activity.

Deletion analysis of the human Cox-1 premoter

To identify the essential regions for the promoter activity increased by thrombin, we generated various
mutants, in which the 5'-end from -1261 ~ -255 was gradually deleted, while the common 3'-end from -225
to +28was kept unchanged. Then they were inserted into the luciferase reporter plasmid pGL3 and
transfected into BAE cells together with pSVB-Gal (to correct the differences derived from transfection
efficiency). The luciferase activity was normalized to that of the pGL3 Control vector. As shown in Fig. 4,
the promoter region from —1261 to +28 showed a 10-fold induction of the luciferase activity upon thrombin
stimulation as compared with the untreated cells. Deletion of the region from —1261 to ~565 did not affect
both the basal and the thrombin induced transcriptional activity of the Cox-1 promoter. However, when the
construct was further deleted to —255, an about 80% reduction in the transcriptional activity was observed,
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and the basal promoter activity was also reduced. This suggests that the region from —565 to —255 is
required for the full response of the Cox-1 promoter gene to thrombin; what’s more, it is important for the
basal transcription of the Cox-1gene.
Analysis by band shift assays of Sp! binding to the Cox-1 gene

Binding of BAECs nuclear proteins to this region was investigated. Fig 4 shows band shift when nuclear
extracts of BAECs were incubated with —565/-255 probe containing the distal action region. Two bands
were noted with this probe. Since this region comprise putative binding sites for Sp! and AP2, a 150-fold
molar excess of consensus oligonucleotide containing Spl and AP2 sequence was preincubated with
nuclear extracts perior to the addition of the probe. Both bands were specifically competed by Spl or
unlabeled probes but not by AP2 oligonucleotide. Furthermore, a 50-fold molar excess of —565/-255 in
which the canonical Spl site was mutated failed to inhibit the formation of the two DNA-protein
complexes. The band was supershifted with antibody directed against Sp1 but not with unrelated antibody
such as anti-Cox-1 antibody. These results indicate that Sp1 closely related proteins bind to the Sp1 site. To
further explore he ability of the Sp1 binding site to function as a thrombin response element, we examined
whether it could confer thrombin inducibility to a heterologous, minimal pGI3 vector that lacks enhance
sequences. An enhanceless pGL3 vector was unresponsive to thrombin. However, when three copies of the
Spl binding site were inserted into the promoter, thrombin induced promoter activity by 4-fold (p <0.05).
Furthermore, insertion of mutated Spl sites failed to confer thrombin responsiveness, and base-line
promoter activity also was increased by insertion of both Sp1 and mutated Spl binding sites. These results
indicate that the addition of Spl binding sites into a heterologous promoter can convert it from thrombin
unresponsive to responsive. Collectively, our finding demonstrate that the 8-bp Sp1 (5’-CCCCGCCC-3’)
can function as an essential part of a thrombin response element in the cox-1 promoter.
Effects of cellular expression of Spl on Cox-1 promoter activity

To determine ifelevated Spl expression is sufficient to increase Cox-1 promoter activity, BAEC cellc
were transiently transfected with Cox-1 promoter vector and expression plasmids for Spl (Figure 5).
Overexpression of Sp1 increased Cox-1 promoter activity nearly 3-fold in BAECs.
Mechanism of Cox-1 induction by thrombin

Finally, to elucidate the mechanism of Cox-1 by thrombin, we measured the level of the major AA
metabolite, PGI2, secreted by BAECs. We observed a dose-dependent induction of PGI2 synthesis by
thrombin (fig 6).
Discussion

It has been realized that thrombin has many functions distinct from the activation of the coagulation
cascade. It is capable of transmitting intracellular signals and appears to participate in metastasis and the
tumor-associated angiogenesis (24). Involvement of thrombin in angiogenesis has been reported to be
associated with Cox-1 in the endothelial cells. For this reason, we were attempting to investigate the
molecular mechanisms by which thrombin led to angiogenesis in endothelial cells. In the present study, we
investigated the effects of thrombin on the Cox-1 expression, which is thought to be a major pathological
change in tumor cells. The results demonstrated that thrombin potentiated cell growth and increased
expression of the Cox-1 in cultured BAE cells.

Cyclooxygenase (Cox-1), also known as prostangandin (PG) H synthase, catalyzes the rate-limiting
steps in the formation of prostangandin endoperoxide (25). The Cox enzyme possesses oxygenase and
peroxidase activities and thus catalyzes the formation of PGH2 from arachidonic acid (9). Two Cox
isoenzymes, designated as Cox-1 and -2 (26), exhibit similar enzymatic properties; however, the Cox-1
enzyme is ubiquitously expressed, whereas the Cox-2 isoenzyme is expresse as an immediate-early gene
after stimulation by a wide variety of extracellular stimuli (27). Gene knock-out studies have suggested that
Cox-1 and -2 isoenzymes possess distinct function (28-30). In addition, the Cox-2 enzyme is localized in
the endoplasmic reticulum (ER) as well as the nuclear envelope, whereas the Cox-1 enzyme is localized
primarily in the ER (31). It had been demonstrated that the rate- limiting enzyme in vascular PGI2
synthesis in newborn lung is cyclooxygenase (Cox), and that the capacity for vascular PGI2 production
increase markedly during the early postnatal period. This is due to an upregulation in the expression of the
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type 1 isoform of Cox (Cox-1) (32).Cox-1 plays an important role in angiogenesis and endothelial growth.
But the mechanisms underlying its expression are not well understood. As the best we know, this is the first
report to characterize the Cox-Ipromoter activity induced by thrombin. We identified the regions
containing a positive regulatory element within the 5'-flanking region of the human Cox-1 gene. By
deletion analysis, a 18-bp fragment within the 5'-flanking region of the Cox-1 promoter was identified,
which appears to be essential for the cox-1 expression induced by thrombin. No significant changes were
noted after deletion of the element from -1261 to +28, whereas deletion between —1261 ~ -565 reduced the
promoter activities to 77% that of the whole promoter fragment. However, the promoter activity was
reduced significantly when elements from —565 to —255 was removed. This region of the Cox-1 promoter
only contains a putative Sp-1 binding site. Sp1 belongs to a zinc finger family of transcription factors that
can activate transcription of a subset of genes containing Spl sites, including human tissue factor (33),
human VEGF gene (34), and human 12 (s) lipoxygenase (35). Analysis by band shift assays of Sp1 binding
to the Cox-1 gene had shown two bands were specifically competed by Sp1 or unlabeled probes but not by
AP2 oligonucleotide. Furthermore, a 50-fold molar excess of —565/-255 in which the canonical Sp! site
was mutated failed to inhibit the formation of the two DNA-protein complexes. The band was supershifted
with antibody directed against Spl but not with unrelated antibody such as anti-Cox-1 antibody. The
present data suggest that Sp-1 may be necessary for up-regulation of the cox-1 promoter activity induced
by thrombin.

Thrombin is an important growth factor and immuno-regulator for the tissue injury. Highly purified thrombin
stimulates proliferation of chick embryo and mammalian fibroblasts under serum-free culture condition, and it activates
monocytes, NK cells, T cells, and endothelial cells. Early studies showed that action at cell surface is sufficient for
thrombin to stimulate cell proliferation by initiating transmembrane signals. Several laboratories have cloned members
of a proteolytically active seven-transmembrane G-protein-linked receptor family that include PAR1, PAR2, PAR3, and
PAR4 (36). These receptors are proteolytically activated by thrombin to generate a new NH2 terminus, which acts as a
tethered ligand and promotes the interaction between the receptor and the G-proteins at the intracellular side of the
membrane. To understand whether the thrombin-induced Cox-1 up-regulation was also through these pathways, we
investigated effects of various inhibitors of the thrombin receptor. Here, we show that induction of Cox-1 by thrombin
was inhibited by pretreatment with Hirudin, a thrombin receptor antagonist. This suggests that thrombin acts via
activation of the receptor.

In summary, our studies firstly demonstrate that thrombin up-regulated of Cox-1 via a transcriptional
level mechanism. We further demonstrated the critical role of the region from -115 to —97 of the Cox-1
promoter in mediating up-regulation of Cox-1 induced by thrombin, and in the basic Cox-! promoter
activity.. The exact mechanisms by which the region from -115 to -97 exerts its activity on the expression
of Cox-1 remains unclear and is therefore the focus of our future study.
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(Bond Strengths of Adhesively Reattached Root Fracture)
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ABSTACT: An investigation of the bond strength of bovine root dentin was conducted with purpose to provide
mechanical evidence for the successive treatment of adhesively reattached vertical root fracture. The
microtensile dumbbell specimens were fractured as a vertical root fracture with a tensile force and bonded
by 4-META/MMA-TBB adhesive resin. It was found that the better bonding (above 10MPa) to the parallel
tubules on the bonding interface of butt joint was due to the compacted gap space and the positive effect
of etching treatment. The adhesive treatment in a wedge joint, with oblique tubules on the bonding
interface, was revealed that it contributed to the strongest bond strength (about 19MPa) and good
durability (after 3000 thermocycling). The test method in this study was proved that it allowed of
comparing the fracture and re-fracture resistance of root dentin by reusing the same specimen.

Key Words: Vertical root fracture, Microtensile bond strength, Adhesive resin, Root dentin

INTRODUCT [ON

Vertical root fracture (VRF) in endodontically treated teeth occurs frequently. As we all known, the
selection of treatment often depends on the extent of the fracture lines. The conservation of VRF, a
vertical fracture down to the root, is particularly difficult. Tooth extraction is necessary to end
treatment at last. Several conventional techniques have been used to repair fractured teeth by tightened
wire on the grooves around the tooth crown or by glass ionomer cement. Over the years, due to the advances
of dental adhesive systems, the new clinical operation have been challenged for bonding fractured teeth,
including the use of cyanoacrylate cement, composite resins, and even fusion of the fracture line by
laser. Especially, significant advances have led to a relatively high bonding strength to dentin. The
canservational treatment of VRF by adhesively repairing method with 4-META/MMA-TBB resin was reported
with a long-term clinical successionl.

4~-META/MMA-TBB resin has a long research and clinical history. Nakabayashi? addressed its use on
extracted bovine dentin substrates, and introduced firstly the concept of hybrid layer from formation
by 4-META/MMA-TBB resin in the demineralized dentin of extracted bovine teeth®. It was investigated in
vivo research?! that process good biocompatibility and little cytotoxicity to the periodontal tissue.
But no evaluation on the micro-bond strength of repaired VRF was reported. In addition, as for the root
dentin, Fogel et al.® showed that the permeability of root dentin is much lower than that of coronal
dentin.

In order to reveal adhesion mechanism of root dentin and make a mechanical evidence for the bonding
treatment of VRF, the purpose of this study was to investigate the effect of surface treatment (polishing
and etching), gap space, and the shape of bonding joints (butt joint and wedge joint) on the microtensile
bond strengths of 4-META/MMA-TBB adhesive resin to the vertically fractured bovine root dentin, and the
durability of adhesion was also evaluated on effect of thermal cycling.

MATERIALS & METHODS

Twelve freshly extracted bovine lower central incisors in frozen storing were used within 6 months
following extraction.
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Specimen preparation of with parallel tubules on the fractured surface

The roots were sectioned longitudinally in bucco-lingual direction with a low-speed diamond saw
(No. 11-4254, Buehler Ltd., USA) under copious water. Two pieces of dentin-slices (distal and mesial)
in 1. Omm thickness were obtained from each root. Within two dentin-slices of each root, 10 pieces of
dentin specimens could be obtained. (Fig. 1)

The span between the plastic jig was decided on 3.0mm. The rectangular cross—section (1.0X1.5mm) of
micro-tensile dumbbell specimen was carefully shaped and trimmed with a diamond bur (Diabur, SF-12, Mani
Inc., Japan) in a dental handpiece under copious air-water spray. Specimens were subjected to a tensile
load at a crosshead speed of 1.0 mm/min until failure to obtain the ultimate tensile force, and then
the microtensile strength was calculated by dividing by the area of rectangular cross—section of dumbbell
specimens. The fractured specimens were stored in 0.9% normal saline solution at 37°C for 24hrs prior
to reattachment.

Reattachment and measurement of bond strength

Followed by thorough rinsing of the fractured surfaces for 30 seconds with distilled water, the fractured
specimens were randomly divided into 10 groups (n=12X10), and the fractured surfaces were conditioned
according to different criteria.such as polishing treatment, etching treatment, gap spaces, and joint
types (Tab.1). 4-META/MMA-TBB adhesive resin (Super-Bond, Sun Medical Ltd., Japan) was used.

The bonded specimens were stored in 0. 9% normal saline solution at 37°C for 24hrs prior to micro-tensile
bond test. The half of specimens (n=6X10) were fractured under tensile force (RTC-1150, Orientec, Japan)
at a crosshead speed of 1.Omm/min, and the microtensile bond strength (MTBS: MPa) was recorded.

Evaluation on the durability of adhesion

The other half of specimens (n=6X10) was use for investigating the durability of bond strengths in
the test of thermal cycling. The bonded specimens were also stored in 37° C 0.9% saline solution for
24 hours prior to loading on the thermal cycling (TC: 4-60° C for 3000cycles, dwell time 20 s). The
microtensile bond strengths were also measured.

Statistical analysis

One-way analysis of variance (ANOVA) was used to assess the effect of surface treatments and thermal
cycling on microtensile bond strength of root dentin. Data differences between each group were analyzed
with the Fisher PLSD (protected the least significant difference).

SEM observations (the bonding interfaces)

The interfaces of various conditioned specimens were ground with a series of increasingly finer silicon
carbide abrasive papers up to 1200-grit, and polished with diamond pastes down to a 0.03 zm particle
size (Buehler). And then, the specimens were immersed into 6 mol/L HC1 solution (30s) and 1% NaCl0 solution
{10min) with rinsing interval, in order to partially remove the inorganic and organic parts of the dentin.
The specimens were rinsed thoroughly with the distilled water, air-dried slightly, and stored in silica
gel for 24hrs prior to the gold sputter—coated for SEM observation (JEOL, JSM-6340F, Tokyo, Japan).

RESULTS

Bond strength measurement.

According to the result within the same butt joint before the employment of thermal cycling: 1) Bond
strengths of both non-treated groups (N, NT) and etched groups (E, ET) were about 10MPa. There were no
statistically significant differences, regardless of a wide or narrow gap-space. 2) Bonding of the
polished specimens (P, PT and PW) showed significant weak in a result of pre-fracture, without data,
before setting up to the test machine. 3) The significant improvement (p<0.01) of bond strength (about
5-6MPa) was found due to the additional etching treatment after the polishing (PE, PET). 4) As for the
effect of gap space (50 zm and 500 zm) on butt joint specimens, the significant differences were not
obtained (p>0.05). 5) Between the butt joint and wedge joint, the specimens of wedge joint (PEW) showed
the highest value (about 17MPa) with statistically significant difference (p<0.01). (Fig.2)

Due to the influence of 3000 thermal cycles, the bond strength of a wide gap-space (500 um) in butt
joint decreased significantly (p<0.01) within non-treated group (about 6MPa), etched group (about 5MPa),
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and polished-etched group (about 2MPa), respectively. The specimens with a narrow gap-space (50 m) of
butt joint had no significance exchanges (p>0.05). On the contrary, the wedge joint (PEW) was still on
stable bond strength with the highest level (about 19MPa).

SEM investigation on a side view of the bonding interface

An image of closed mechanical connection between the resin and dentin surface is showed, even though
there is an absence of the hybrid layer (Fig.4: N and E) ; the combination seemed not be closely and the
extending of resin is not actively because of the absence of resin tags. The absence of connection between
resin and dentin was remarkable, regardless of tubule orientation (Fig.4: P and PW); most of the smear
layer and smear-plugs in tubule were removed. The superficial layer of dentin was shown a demineral ized
image; the layer of resin-infiltrated seems alike the texture named as the hybrid layer (Fig.4: PE);
the hybrid layer occurred in oblique to the tubule orientation. It seems be more regular, entirely than
that of PE specimens bonded parallel to the tubules. And much more resin tags and their lateral branches
were appeared. Observations of this bonding interface with the oblique tubules seem give a show of well
bonding. (Fig.4: PEW)

There is no any evidently different appearance of bonding situation for each pair of conditioned groups
by comparing before-TC and after-TC respectively.

DIGUSSION

In our previous study®, it was indicated that multiple specimens (about 8-10 specimens) were be prepared
from one root with the nearly similar tensile strength (36MPa) and parallel tubules on the segment as
the fractured surface of VRF. In addition, it was not found the significant influence of dentin locations
from the cervical to the apical root on the tensile strength. It was contributed to imitating practically
the fractured surface of VRF, and standardizing correctly the original conditions of specimens. On the
other way, it makes a possible to measure the stress on different detailed locations that is different
with the conventional study by a tapered tip tool inserted into the whole root canal % It is better
suitable for imitating local situation of a reattached VRF. In addition, this method allows the presence
of obtaining a percentage data to compare the fracture resistance (about 36MPa®) of intact root dentin
and the bond strength of a bonded VRF by the same one specimen at one testing load. In order to determine
the correlation of the bond strength with tubule orientations and other surface treatments, bovine dentin
was used in this study, although it have a lower resistance compared to human dentin®.

In this study, we obtained an interesting result in the group of non-treatment (N/NT), a just—fractured
situation after tensile force. The bond strength was not showed significant difference to the etched
groups (E/ET), and showing an image of closed mechanical connection at side view of the bonded interface
even without the appearance of the hybrid layer. In this case of non-treated group, there was no the
collapse of the superficial layer of collagen at where the minute networks of collagen fibers was shown
on the bonding surface, (Fig.3). This bonding surface had higher surface energy and surface roughness
for the easier spreading of adhesive materials and better interfacial contact. It was also proposed that
it is possible to contribute the well adhesion by micromechanical interlocking between the freshly
fractured surfaces. And it is considerable for refitting the fractured segment accurately because of
less deformation of the fractured surface. Since the good reattachment of fractured segments is also
a critical point for successful treatment of teeth fracture.

In this study, the bond strengths retained with the smear layer (P/PT and PW) were very weak, which
is contrary with the report of Watanabe!®. The smear layer has been defined as any debris calcific in
nature produced by reduction or instrumentation of dentin, enamel or cementum'!. The smear layer is
composed of hydroxyapatite and altered collagen with an external surface formed by gel-like denatured
collagen. As the SEM picture in this study, the smear layer revealed a uniform layer of cutting debris
that covered the dentin and obscured the tubules orifices. Because of their inherent weakness, the
existing of smear layer can interfere with good dentin adhesion.

The stronger bond strength was improved in the etched group (E/ET and PEW) with a comparing to the
polished group (P/PT and PW). The dentin impregnation by applied adhesive monomers was realized only
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after removing the weak smear layer. Etching method is commonly used as this actor. The acidic agents
remove the smear layer, demineralized the dentin surface, open the dentin tubules, and increase the micro
porosity of the intertubular dentin'® In this study, the 4-META/MMA-TBB adhesive resin was used due
to its good biocompatibility and little cytotoxicity® and its successive clinics of the repaired VRF.
The 4-META/MMA-TBB resin was unable to adhere to dentine until the development of 10%critic acid and
3%ferric chloride solution to remove the smear layer. It was found that 4-META promoted diffusion of
MMA into the dentin and Fe? in 10-3 solution was also effective in increasing the permeability of
demineralized dentin. The 10-3 solution, a kind of shallow etching, tends to prevent collapse of the
collagen fibril network and may provide a stiffer interface due to non of over—-collapse of collagen
fibrils!®. The achievement of the bond between adhesive resin and dentin depends on the penetration of
the primer and adhesive resin into the conditioned dentine surface in order to create micromechanical
interlocking between the dentin collagen and resin.

But, the depths and quality of hybrid layer and infiltration of resin tag into the conditioned dentin
surfaces were showed different for the perpendicular and parallel tubules'. As for the bond strength
of adhesion, it was revealed that the value of wedge joint group (PEW: about 13° to tubules) was
significantly higher than that of butt joint groups (PE: 0° ). The exchangers of bonding areas in two
kinds of bond joints can be abbreviated (Cosl13®° = 0.97). The cause of different bond strength was thought
that it was the different influence of tubule orientation on the bonding surfaces between both bonding
joint. At a right angle to dentinal tubules, relative to parallel tubule, the rate of etched dentin has
been shown to be higher when the acids can diffuse down dentinal tubules®. On the other way, it was
described by Griffiths and Watson'® that the lateral diffusion can only occur in areas where open dentinal
tubules are available for a fast penetration of the acids and following dissolution of the peritubular
dentin lining the tubule walls. Resin penetration into tubules can effectively seal the tubules and
contribute to bond strength if the resin bonds to the tubules wall'’. The oblique orientation between
the tubules and bonding surface in the case of PEW specimen of this study make it possible to represent.

As for the durability of adhesion, in this study, we invested the effect of 3000 thermal cycles on
the root dentin with a thermal change of 4-60° C. Loyd et al.!® suggested that several thousand thermal
cycles might occur in vivo in several years. The storage period was 15-30 seconds in each dwelling bath.
Noguchi et al.!® concluded that the desirable thermal cycling temperatures were between 5° C and 60° C
that could simulate in vivo conditions closely. The situation of root around in the periodontal tissue
is different with that of crown, at where it is thought there is little frequent thermal change. But
the mechanical stresses can be occurred directly by thermal change through bonded interfaces. Therefore,
it is permitted to accelerate a long resting periods by a simulation of the mechanical stresses in vivo.

The significant difference of bond strength was not found after 24hrs ether in the groups of 50um
or 500 zm. But the significant decreasing of bond strength was revealed in the groups of 500 m after
3000 thermal cycling with temperature exchange from 4° C to 60° C, regardless of various etching or
polishing surface treatments. The decreasing of bond strength in the 500 i m groups was thought the mixture
action of two factors. One is larger linear thermal expansion of PMMA resin in the 500 um of gap space
than that of 50 um space. Another reason is the larger water absorption of the mass resin in the 500 um
gap space. At a combined result, the adhesive material between a wide gap spaces is easier to be influenced
by the thermal stress.

The results were shown that the durability of the wedge joint (PEW) was stable with the mean value
of bond strength about 19MPa, which was different to the specimens with parallel tubules on the bonding
surface of butt joint. The force of about 19MPa of the reattached specimens in the wedge joint of this
study, which is about 50% of the fractured strength of intact root dentin®, seems be enough to resist
the re-fracture force. Due to the report of Friedman S et al.” that the force required re-fracturing
the bonded roots was at the most 20% of what it was for intact roots. This percentage was lower than
50% calculated when crowns of teeth were horizontally fractured. In addition, such reinforcement in the
case of repaired VRF may have to include an intracanal resistance with adhesive resin used as a root
canal filling. The actions of composite resin as root canal fillings or as core materials are being taken
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a large regard not only in the fractured root but also as a endodontically treatment of integral root
canal to prevent the occurrence of VRF.

Fig.1: Specimen preparing

Tab. 1: Assignment and abbreviations of different groups

Joint Types Butt Joint Butt Joint Wedge Joint
(Gap Space: um) (50) (500) (50-500)
Surface I N L ZN\ |
Treatments
Non-treated N NT
Etched (10-3 Solution) E ET
Polished : P PT PW
Polished and Etched PE PET PEW
o4 P 0>
F [C124hrs; EA124hrs and 3000 thermalcycles

20 | * *% *% i
15 i
T FEl #

N NT E ET PE PET PEW

Fig. 2: Bond strength of reattached root dentin before and after thermal cycles.
(The bonding of some specimens in the 3 groups of P, PT and PW were too weak
to become failures at a pre~fracture before the finishing of thermal cycling
test. *: p<0.05; *k: p<0.01)

.
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ABSTRACT

Intracerebral hemorrhage is the major complication associated with antithrombotic and thrombolytic
therapy. Despite efforts directed toward achieving hemorrhagic infarction, an ideal animal model of cerebral
hemorrhage has not yet to be established. Using the photothrombotic technique in rabbits, we developed a
model of cerebral hemorrhage by inducing cyclic flow reductions in the middle cerebral artery (MCA).
Furthermore, the hemorrhage increased 4-fold after infusion of heparin at a dose prolonging activated partial
thromboplastin time by about 3 times that of control animals. The photothrombotic occlusion of the MCA is
based on a thrombosis induced by endothelial injury through singlet oxygen produced by Rose Bengal injection
and green light irradiation. Using a pulse Doppler flowmeter, spontaneous reperfusion of the MCA after the
thrombotic occlusion following cyclic flow reductions was observed within 2 h in the majority of animals. This
model is unusual with respect to the development of clinical stroke, because of the MCA cyclic flow reductions.
Thus it is different irom permanent or ischemia/reperfusion MCA occlusion in rodents and may be suitable for
studying hemorrhagic risks associated with the use of antithrombotic agents.

Key Words  Cerebral hemorrhage, heparin, photothrombotic occlusion, antithrombotic agents,
cerebral ischemia, cyclic flow reductions

INTRODUCTION
Intracerebral hemorrhagic transformation are feared events that may follow antithrombotic and
thrombolytic therapy in acute stroke, so high dose use of these agents has been limited [1].

To investigate the efficacy and safety of antithrombotic agents for treatment of stroke, ideal animal
models of cerebral infarction with a good reproducibility, which are similar to the clinical situation, are
required. Up to date, a variety of methods have been developed for this purpose by many
investigators, but they are not yet satisfactory [2].

Based on photothrombotic technique, we developed a new model of intracerebral hemorrhage
induced by antithrombotic agents after the rabbit MCA thrombotic occlusion [3].

Heparin is routinely used to prevent recurrent embolism and deep venous thrombosis [4]. Therefore,
in the present study, we investigated the efficacy of heparin on cerebral ischemic damage in a rabbit
model of MCA photothrombosis and in the same model, cerebral hemorrhage induced by heparin as
its side effect was also investigated.
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MATERIALS AND METHODS
1. Animals

Male Japanese white rabbits weighting 2.0-3.0 kg. Animals were housed individually in a cage with
access to food and water on a 12 h light-dark cycle for one week.

2. Animal preparation

The experimental protocol was approved by the Hamamatsu University School of Medicine
Committee on Ethics of Animal Experimentation, and extra care was taken to avoid animal suffering.

Male Japanese white rabbits weighting 2.0-3.0 kg were used. After one week of acclimation, the
animals were anesthetized with 1-2% isoflurane (Dainnihon Pharmaceutical, Tokyo, Japan) in 30% O,
and 70% N,O using a face mask. Body temperature was maintained at 38°C with a heating pad (K-
module model K-20, American Pharmaseal Company). The right femoral artery was cannulated for
blood sampling and the continuous recording of artery blood pressure and heart rate. Artery blood
gases were monitored using a gas analyzer (model 860, Ciba-corning, MA, USA) just before and 2 h
after the occlusion of the MCA.

A curved skin incision along the rim of the left orbital bone was made, the temporalis muscle was
removed with a bipolar electric coagulator (model 80-1160, Valley Forge Scientific Corp., USA) and
thermoknife. Under an operating microscope (model KOM 300, Konan Inc., Japan), a oval bony
window was opened using a dental drill (model PAL-7, Morita, Japan); the dura mater was intact.
With the help of the operating microscope, the MCA and the olfactory tract were identified. The
irradiation with green light was directed by a 3-mm-diameter optic fiber mounted on a
micromanipulator. The head of the optic fiber was placed on the dura matter just above the MCA
where it passes over the olfactory tract , providing an irradiation dose of 0.170 W/cm? (wavelength,
540 nm). Intravenous injection of Rose Bengal (10 mg/kg body weight for 3 min through a peripheral
ear vein) and photo-irradiation were started simultaneously. The photo-irradiation was continued
for 60 min. The local blood flow in MCA was monitored continuously for 2 h after the injection of
Rose Bengal using a pulse Doppler flowmeter (PVD-20, Crystal Biotech). The time taken from the
start of photo-irradiation to the cessation of blood was regarded as the MCA occlusion time. After the
closing of surgical wounds, animals were allowed to recover from the anesthesia.

After the scoring of clinical outcome at 24 h after photothrombosis, animals were anesthetized with
an overdose of pentobarbital sodium and then immediately pérfused transcardially with normal saline.
Twelve consecutive coronal sections were cut from each cerebrum using a slicing apparatus (RBM-
7000C, Activatinal Systems INC., Michigan, USA). All coronal sections were photographed
immediately. Thereafter, the brain slices were stained with 1% triphenyltetrazolium chloride (TTC) for
30 min, fixed with buffered formaldehyde (pH 7.2) for 24 h and photographed again. The cerebral
hemorrhage size and the infarct volume were measured using a computerized image analysis system
(NIH Image 1.62 Program, Internet).

3. Administration of heparin and analysis of activated partial thromboplastin time

Heparin was diluted with saline and infused by infusion pump (model KDS-230, USA) at a delivery
rate of 0.5 ml/kg/hr. In heparin-treated animals (n = 7), heparin was administered intravenously by
injection as a bolus of 100 IU/kg followed by continuous infusion at 75 IU/kg/hr to 24 h, starting 2 h
after the start of photo-irradiation. The vehicle-treated animals (n = 14) were infused continuously
with saline.
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Activated partial thromboplastin time (aPTT) was determined using an automatic Coagulometer KC
4 A (Heinrich Amelung, Germany) as previously described [3].
4. Examination of neurological deficits
At 24 h after photothrombosis, the neurological deficits of each animal were evaluated in a blind
manner:
+ Wryneck test: the animal was placed in a cage and the torsion of the neck was observed.
Behavior was scored as follows: 0, normal; 1, twist of the neck.
- Righting reflex test: the animal was placed on its back, and scored as follows: 0, righted within 1
s; 1, righted within 5 s; 2, did not right within 5 s.
- Dysfunction of paws: the fore paw or hind paw was pulled toward the body. The time to re-
* extend the paw was scored as follows: 0, achieved within 1 s; 1, achieved within 5 s; 2, not
achieved within 5 s. ,
- Postural reflex test: the animal was pushed in the contralateral direction and scored as follows: 0,
normal; 1, reduced resistance to lateral push; 2, fell down on the contralateral side.
5. Data analysis
Data are represented as the mean + S.E.M. Parameters of cerebral blood flow and cerebral
hemorrhage were analyzed by the two-tailed unpaired Student’s t-test. The correlation between
infarct volume and neurological score was analyzed using linear regressions. A Pvalue < 0.05 was
considered significant.

RESULTS
1. Experimental Conditions

All physiological parameters were within the normal range after the photothrombotic occlusion of
the MCA.

In heparin—treated animals, aPTT was prolonged markedly at 24 h and about 3 times that of the
vehicle group.

The green light irradiation system used in this study is a short-arc type xenon lamp (wavelength
540 nm, bandwidth 80 nm) which has a heat-absorbing filter and a green filter. The xenon lamp
irradiation system did not heat the irradiated tissue near the MCA during photo-irradiation.

2. Blood flow in the MCA

The blood flow in the MCA was reduced to zero by the formation of a thrombus at 9.23 + 0.58 min
after Rose Bengal injection. Spontaneous reperfusion of the occluded MCA was observed within 2 hin
95.2% of animals. Spontaneous reperfusion of the MCA after the thrombotic occlusion following cyclic
flow reductions was observed.

3. Cerebral hemorrhage volume as well neurological deficit

Infarct volume was 219.0 + 14.1 mm?® in vehicle-treated animals and 226.6 + 19.2 mm?3in
heparin-treated animals. Hemorrhage was mainly observed in the basal ganglia in almost of animals.
Heparin-treated animals had a 4-fold increase in cerebral hemorrhage compared with the vehicle-
treated controls (p < 0.0001). Gross hemorrhage in the ventriculus lateralis and the basal ganglia was
observed in 3 of 7 heparin—treated animals, while no gross hemorrhage was observed in the vehicle-
treated animals.

In the control group, wryneck and contralateral forelimb flexion were frequently observed. A
correlation between infarct volume and neurological score was observed (r = 0.539, n =21, p <0.01,).
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Heparin treatment tended to worsen neurological deficits at 24 h compared with the control group.

DISCUSSION

We have described a simple and reproducible model of heparin-induced cerebral hemorrhage
achieved by spontaneous reperfusion of the occluded MCA following cyclic flow reductions. This
photothrombotic occlusion model results in a platelet- and fibrin-rich thrombus in the MCA at the -
irradiated site [3,5]. In this study, the photochemical approach to inducing thrombotic occlusion is
based on the injection of Rose Bengal and green light from a xenon lamp irradiation system. Rose
Bengal is a photosensitive dye, and its photoactivation produces reactive oxygen species, mainly
singlet oxygen by a ‘photodynamic Type II’ energy transfer [9]. Reactive oxygen species cause
endothelial injury followed by the adhering and aggregating of platelets to fibrin nets, and the
formation of a platelet- and fibrin-rich thrombus at the irradiated site [10].

The advantages of this model include occlusion of the MCA by a nonmechanical approach, and an
intact dura mater to maintain normal intracranial pressure. Another important feature is the
continued cyclic flow reductions in the MCA. Therefore, the present system represents a new
approach to the occlusion of the MCA different from previously described models of permanent
occlusion or ischemia/reperfusion [6-8]. In sixty percent of patients, the middle cerebral artery is
spontaneously recanalized in the early phase of ischemic stroke without receiving thrombolytic
therapy [11], and rethrombosis after thrombolysis is also frequently observed in the cerebral artery
[12,13]. This suggests that cyclic flow reductions occur in the acute phase of human stroke. However,
in permanent models [6], suture MCA occlusion models {8,14], and embolic MCA occlusion models
[15,16], spontaneous reperfusion has not been observed. Therefore, this model is unusual with respect
to the development of clinical stroke, because of the cyclic reductions in blood flow in the MCA.

The other advantages of the proposed model include: (1) A light source that is prefiltered and
concentrated by an elliptical reflector that has a special coating for efficient absorption of infrared and
ultraviolet radiation. (2) In this model, not only platelet but also fibrin is involved in the formation of
the thrombus [10]. Therefore, in this model, a tissue plasminogen activator caused reopening of the
occluded MCA and reduced cerebral infarction [10]. Recently, we established a thrombotic occlusion
model in which spontaneous recanalization with cyclic flow reductions was observed [17]. Moreover
in this model, we have demonstrated that a GPIIb/Illa antagonist reduced cerebral infarction without
enhancing cerebral hemorrhage [18], and a delayed administration of heparin initiated 2 h after
thrombosis aggravated significantly cerebral hemorrhage [3]. More recently, we demonstrated that
the combination of a free radical scavenger (EPC-K1) and heparin reduced heparin-induced cerebral
hemorrhage and enhanced neuroprotection from cerebral ischemic damage in this model [19]. It is
therefore suggested that the MCA occlusion model of thrombotic ischemia with cyclic flow reductions
developed and reported from our laboratory is useful for investigating efficacies and hemorrhagic
risks associated with antithrombotic agents for stroke research.

Our previous results showed that the longer the irradiation, the more continuous the cyclic flow
reductions in guinea pig [17], and infarct volume was reduced when cyclic flow reductions through
the MCA were prevented in rabbit [18]. In contrast, animals that had more cyclic flow reductions had
a significantly larger cerebral hemorrhage volume. Therefore, in this study, we sought to establish a
model in which cyclic flow reductions continued after reperfusion of the occluded MCA. Based on our
preliminary studies, we used a low dose of Rose Bengal and low intensity irradiation, but a longer

- 1583 -



irradiation time to produce a gradual vascular injury; under these conditions, cyclic flow reductions
continued and cerebral hemorrhage also occurred.

In conclusion, based on photothrombotic occlusion of rabbit MCA, we have developed a new model
of cerebral hemorrhage induced by heparin therapy. Spontaneous reperfusion of the MCA after the
thrombotic occlusion following cyclic flow reductions is an important characteristic of this system.
This model can be extended to determine the hemorrhagic risks associated with the use of
antithrombotic agents.
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