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FEEHSVHREICEISCSTu BEFREREITERELERD

ABTRE |
AR FFIE hERFAE K
FHEEEL AR
HBAZ A . TEERKE %

ol 2

1. H®

TV FFH/S- 2TV RT 25 —H(GST Mu)ixfFE#w. Ji{ EERICHFE L. B EE
BBICBES T2 2BERRTH 5, GSTREES, BERO—KIEE., AERUELERN
2 & - TGST Alpha, GST Mu, GST Pi, GST Theta| 38X 3, ZDHFT, GST Muk
GST Theta|3fEEWE DEFILEITH UTEERZREEZIE > T35, 5F TOWT o i
£ 5 EGST MuBInFOKRIE. FERBIZIAEBEDNR SN, TDORIBERIZ40—609 DHiH
THbH, AR FEEESICBEET AU >ORKOREEEICDINTGST MuB{zF %3l
U\ RIESHOREMIZOWVLTRE Ui,

2. MNRERUTFHE

21 FREXNZ : HBREFRZTPEHEFEEEEAT. ZHEH. BKE. FPEICEETSED
DEHE338AT., A RER TRMIZFED 68D - 7o, KEIROEBERRLTEIIELIR
T Thoto, BB, ERERIZI3—83F, F1538.83+13.43F ; £ DN, B#E1%4A
DI ER$35.43 113,40, 144 ADFHERIIIL9E13.18F Th » 7o, Fio, B
%7‘ REE, BIEBERUAETE. Ril, BEEDEEAZRAEL, HM U TGST MufilEx st &
2.2 DNA#fjH! : DNA Extractor WB Kit%{# 5 TDNA%#fiH U, 2.5 1 EiEFAPCROFIZE I
)z 1Y AN

2.3 PCRZ4AH: : 25 u IR TPCRAFT9H . RIGHEIZ200 1,71 dANTP, 1 ymol1F S5 1 < —.
2.511 DNA, 2uTaqTh - 7z, HIEEMHIIMCTILHEE M. 58°CTLS4MEM. 72°CTl
SEER. 3091 7 IVRIEE ',

2.4 BXKIEKE . BH80mA, BTF110v, TAE buffer(pH 8.12) TELIKE) L. 300nm D %4445
EHES THEUHBBE Ui, 2% 7 4 o— X ET250bpilGST Mui{n FHENEEEY DN VERIK
BRIBEHELU,

£l HANZEOERBRROH

BERE ;3 ;3 i3 &5
ey 45.45+11.42 34.70+13.08 32.35+14.78 32.37+10.33 33.83+13.43
B (A) 15 59 75 45 194
it (A 5 41 59 39 144

a3 (A) 20 100 134 84 338

3. &

>0 KIREIC B3 % GST MR FRIBEER2UTR Uic, BT, BR, VIR, [IK
IS0 R THEBEATRBIRC33.33% TH - 7co —H LHDORERITY K, BIK. Eik
%360—63.42% DHERATdH 5 DITX U HIRIFS1. 3% TL0%FRE MDD RIE & D RIBERHME



%THDHDITH L. HHKS0.00%, #iR40.00%THh »7c, GST MuD/RIBER%EEMEE TH
U, BITR LU, B, B LUZ DG ENTNICEIT 3 RIEM ORIERITNT
NOFEDOEBRSNLD -7, LU, 2RKZEF L TH LR THR L LHE&IEIFTE
= (P=0.040) 2D ohc (F2) .

%2 B BERDGST MukiEE

GST Mu
Bl male female male:female total
+ - % + - %  Pvalue + - %

ik 23 22 48.89 19 20 5128 0.827 42 42 50.00
N3 37 38 50.67 22 37 62.71 0.163 59 75 55.97
[ 30 29 49.15 15 26 63.42 0.159 45 55 55.00
Bk 10 5 33.33 2 3 60.00 0.292 12 8 40.00
45t 100 94 48.45 58 86 59.75 0.040 158 180 53.25

#3 WREEBEVHEIKROGST MuDFEEKRE

FeEscAR male female ‘ total

X2 test P value X2 test P value X2 test P value
HRE 0.0356 0.750 1.2606 0.250 0.7401 0.250
55y el 1 0.0007 0.900 1.2039 0.250 0.4579 0.500
[5) L= Y 1.0999 .0.250 0.1350 0.750 0.0039 0.900
Vi L ElE 0.0303 . 0.950 0.7129 0.500 0.0218 0.750
Y& EER 1.9120 0.250 0.0788 0.750 1.7862 0.100
[l &Kk 12051 0.500 0.1165 0.250 0.5475 0.250
4., EE

KR T, PCROWTETHEERE EOMER338AZTE & UTCST MuBaF+4H %R
iz, TR, VHEEDGST MuB{z FRIEBEN—FE (55.97%) . KIZIEE(55.00%),
Wik (50.00%) T—FIEVOMNERK (40.00%) Th -7z, HODREE3IB ADGST Mu
RIBEIL53.25% T, ZDON. BHI348.45% ., KNS TSH THENIAD Sl
LaisneyD#f4: @ |2 & 3 &7 5 v R ADGSTMuBE F/R1831340.8% T, Harada 5 @ | H
RADGST MuRiEZR(F48.0% ., KEADRIEHRII40.8% & L T30, SEIOFREERT
B EVEEKROGST MuBEFRIBBRTIIVAZRTAYHA 33.0) , I—mvw/YA
(40.8) XD HFE L. HERAITENI EXHSMIE - 72, BHEBERKEOGST Muiix



FRIEZE(340.00% T, HSDOFEHERBKDGST MuRIEHESLIWIZHENTIEN . TDFER
FERIZ. ABOEKBEFOEENRLEEEILD . T UASEIFEAEL BT
W EICXkBbDEEZOND,

GST MuiZldFBWEORBICEBELRERIANDH S, —RIEEEYWEIIEKNOF F7 o
—LP450IZ & - THHEEM L Z 21, BREBADNAZHEL., MIBOEE LHEDEL
ZRET B, GST MuBizFRIEBEEERFE LU TREDOEMLAMSEHZTEETH S,
&> TGST Mud B, MBS HmORAEMRIILREK. HIBRRERZNEERSZMH & DB
1R2MEH T 5 LICEERERND 5, 4. GST MuBfzFRiE EVEREIEOEE &
DOBRIZDNTHFEE LTINS FETH %,

5. ¥&¥

FE#ERE EU>DREO/REE33BADGST MuB{EF2PCRoVTETHE L. RIEEDS
e Ulic, TR, GST MuB{RFRIBERIIS3.25%TH 7o ZOA. FHihd8.45
%. IHS9.72% T, BEHBICENTED S, FVEEEDOGST MuBEF/RIEERITY Ik
55.97%. [O1#55.00%. & 1250.00%. EERE40.00%TH H. BEERMICIIEERZZEAD S
NIEh -7z,

& XM

1. Brockmoller J. Genotype and phenotype of glutathione s-transferase class g isoenzyme y
and ¢ in lung cancer and controls. Cancer Res., 1993; 53: 1004.

2. Lafuente A., Pujol,F., Carretero,P., Villa,J.P. and Cuchi,A. Human glutathione s-transferase u
(GST ) deficiency as a marker for the susceptibility to bladder and larynx cancer among smokers.
Cancer Letters., 1993; 68: 49.

3. Harada,S., Abei,M., Tanaka,N., Agarwal,D.P. and Goedde, H.-W. Liver glutathione S-
transferase polymorphism in Japanese and its pharmacogenetic importance. Hum. Genet., 1987; 75:
322-325. ’

4. Strange, R. C., Faulder,G.C., Davis,B.A., Hume,R., Brwn,J.A.H., Cotton,N. and
Hopkinson,D.A. The human glutathione S-transferases: studies on the tissue distribtion and genetic
variation of GST1, GST2 and GST3 isoenzymes. Ann.Hum,Genet., 1984; 48: 11-20.



1996 F £ H PEFAMI MM SN RE

¥ A H IR O XH =)
Fr8&E 6H 6H 400,000 400,000
6A10H 184,000 216,000
8H23H 300,000 516,000
8H30H 50,000 466,000
118128 454,000 12,000
11B25H 150,000 162,000
11827H 112,000 50,000
11829A 50,000 0
FrRo%E 1B24H 50,000 50,000
28 7H 50,000 0
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116-119H (1996. 8) o |

INEFE THROEESE (18) ) « FTHAKEEZRD 17% 25, 228-233H (1996.6),



4EHHE MITPFBHEROTEEEL 2Ol . [BROFOREER] . HE - BX
RIHRR. BERIE (1997, 3, 20F17F5E) »

21 EERESOTRAR

HE 2R BEA &W EE HX Al Ak Bz R D (%)

Rl 81 6 3 2 3 2 1 1 - 99 (52.7)
HAE 1 - 1 (0.5)
HARTH 1 1 3 5 (2.7)
HAE 1 1 (0.5
BT 12 - 3 (1.6)
ZHE 1 -1 (0.5)
W=kl 14 2 1 1 119 (10.1)
IFE 56 1 1 1 59 (31.4)

P =t¢ 1564 10 7 5 3 3 2 2 1 1 188(100.0)

2 WHENXETERGFAESORE

TFREPE ARLXE BH&EE SF%  AF MK DEF (%)

BT 35 30 14 1 1 81(52.6)
ERH 1 _ S 1(0.7)
HRE ' 1 ' 1(0.7)
HAEET 1 1(0.7)
ANkl 8 1 2 . 2 1 14( 9.0)
IFE 49 3 2 2 56 (36. 3)
MR 92 36 17 5 3 1 154 (100)
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1 9 9 6 FFE H FE==B)ER=R LTS F=

HREFERKE HEFOREEFHRE F) JE
TEERELAHEGRHER RERTHAR B EHE

1. BrsEiReE
FELEBACBITIIEXWERRORE - HERFOLBHE

2. BFEEEE
DHFFEEHN - BEXR

191N D 192FIZNT THINERBTOFEBICZOWE. 2 FAOR
BExfTofRTIR, FEOBROFEEEXFOFERITI0.9%, FHEEErEn
cZUDEERITE. 8%, BILUmEHRER - REOFERIT2.%Tho72. Th
L, ALEMEZEA L THREFNEENICITR--REZRTIZ. BRO
Ex DEERDOEHE (HH) 1. 1.8% (0.7~3.5%) . 1.2% (0.1~2.1%) Bk
U4.6% (2.9~8.7%) Thot, 2FV, EXRFIVOFERIRBHAOEEDS
BIEFICEHLS ., TR LT, MEKRER - BEOCHFERIX., BXEDZEEDHMN
Emhofe. ZEBEHMEBZEZEL LEXKFERER., RETOMEIZ, 1970FERDORE
HOBICHY L, YERARALS CITONERERERRORAOREGE X - ¥
VEROBEERIE., RETOFEOMBEOFTERLEMLL T,

REHA, bL, BBREERLE2HDELEL, 2F), X AVX—FERA
RDPOLBEWMA~BIT, HEHEOLRICLZ2BHEHFITRIFR, RAEBETESERE
REOKRKILRENRETTIE., FEEEXCEEEEeEn - 2 VOFERIT
WL, MERER - REOCHERREMT A LFRENS.

BHFEIT, RETHRE, IEXWEORE - HERFP+SEA IR THE
WOT, FEOREST & IXHERN, HERFENERORR I BEEEOELTOE
BEOREXWMBDEERIHEB*»EX2#HFAF2HAEL, AXOZEREORER
ERETRZECED, FOEDFREZEBRL, TOEOREREEFEZHASNICT
528Xy, PEOREXWEOHEEROEMEBETZ-DOBER#RET
BZEFBHIELTWS.

2) BIEHE - HEFE

UEE (AELXFERKE - HEFZLARBFEEHE) T, KEXIXWEORIE
-WERTFOBAOLDIZ, BERELERVWHEZITR- TS, BEERET
X, REER (EFEXRMEB) . 3REREL (REPFF) BIUIEEEE (KiE
MR DLI0/MER « FEREN40004) Z2HRIC, ERERE. WEERE, €%
BIEH~OEAREE, RbU=F=r (SHREOBELZFM . BLUEIE

_1._



DMEF DOKIGELRASTIE (F=¢tX¥) ZRELTWS. ALFELZ, FEOE
EEOBLUTZPLICEETIFEZHRICTY, WEBERHEZITOI ZLIREVEA
EXWHMEORE - HERTFEHEL. TOFEELFMT 3.

Enic, BE. BATIRENORERE (RENOBFLRHNEDORE, ENE
FOF—&, BHEORUERLY) BLUFEDKERELERT2-D0EFLE
BTV,

3. BUTORERR

1) WAENSRHMILOKRKGLRERE

19864E ~ 19954E (D L i
BYE S0- TSP NOx

IR A 0. 096mg/m?® 0.516mg/m® 0. 084mg/m?®
Hh X (0. 037ppm)

fyEY  0.069mg/m®  0.239mg/m®  0.049mg/m®
H1 X (0. 027ppm)

&5 B 0.037mg/m* 0. 165mg/m* 0.032mg/m®
Hh X (0. 014ppm)

S0: 1ppm=2. 6mg/m*

2) MEMNZFEHR BEERIEBIARER

ReEEE | BEEHR (HER)
BIEYD 2 /NER | 1518 1473 (97. 0%)
FIELD 1 /NER 1142 1104 (96. 7%)
EBELD 1 /NER 1640 1594 (97.2%)
a3 4318 4173 (96. 6%)

3) FEOFAERR
-1 BEPRBEROHFER (%)



FR

FEME | AEER | ettt Bt ato | EAE | mEBER
Xt &5 - By | - RE

&5 Y AR 1030 5.8 1. 1.4 0.4

H X B&Z 443 6. 4 7. 1.2 3.0
Bt 1473 6.0 5. 1.3 1.2

o5 g

#h X CH 1104 6.9 5.1 2.1 1.0

&5

#h X D 1594 6.5 5.3 2.7 0.5
&8 4173 6.4 5.2 2.1 0.9

IR

FEHX | BREER Fettx |ttt eto | BB | BEHEER
FEREEK Vs - BRTE

&5 ARE 1030 5.2 4. 3. 0.1

X B 443 6.2 5. 1. 1.4
B 1473 5.5 4. 2. 0.5

o5 .

HX CH 1104 5.7 3.2 1.6 0.3

{75 e

HiX D 1594 1.0 2.6 1.0 0.1
&5 4173 5.0 3.5 1.7 0.3

3)-2 BERMEDI Y —VEILE T 4 BROZBEPFRBER~DOEE

B1R




TOf |7V —VB | F-F 48
il s 7.3 6.5 6.4
Fett¥o¥o -2 | 9.4 5.0 5. 4
FAB - 2.4 1.4
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- measmdbyHSHde-bmdmgforxﬂywmkmwmhmdmhblﬂ -

' - - Reféreriots ' B
- nv'ruokcrmt_cmgmaneemsszn - 21,1995

2. T.Straume et al. Health Phys 62(2):122 ~ 130,1992

3. I.N.Lucas ¢t al. Health Phys 68(6):761 ~ 765,1995 |

4. J.LiFemandez ct ol Int J Radiat Biol 67(3)295 ~ 302, 1995

2. xw@mmmmwmnmmkcmmmm .
., cand7mvitro. T
i Pmpheralbbodwasobumedﬁomtwoheahhymﬂes(mcaged%ms,mm '
. aged 31 years) and irradiated with 180KV -r3ys, (15mA, 1.0mm Cu filter); dos¢ tate -
- 0.40Gy/min for a total doee of 0.4 and 1.0Gy. AO.Sml&quﬁofx—rayma«ﬁmdwhdc ..
: bloodwasaddedtoﬁOmlofRPMIlmme&mmbmem@dwnhm%fehlsemm "
: andmedechﬂA, colcmnd(ﬁnﬂWonOONpg/nﬂ)msaddbefmculm.

HE—
- P . TS Pl -
4 . N - . . L e .o .
i K . . 5 :
. . 2 . et . b L8 0
. . . LY . . . PR Y
3 . oo - - ERCON BN
“ v, “w SR v
- o P Loe E <
. ’ P - s

PR )




"97% 3A26E(X) 23:08 WE 0332919164

Cells were cultured for 5¢h at 37 C in 5% CO; in air.

A
BE TAN 9N

FISH proceducrs was performed as described first part. PAINT was applied to
identify aberrations.

1. M.Bauchinger ct al, Int J Radiat Biol 64(2): 179~184, 1993
2. J.N.Lucas et al, Health Phys 68(6):761 ~ 765,1995

3. J.L.Pernandez ¢t al, Int J Radiat Biol 67(3): 295~302, 1995
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Table 1: Chromose rearrangemaents in medical diagnostic x-ray workers and controls

by FISH for chromosomes probes 4 and 7

Subjects  Calendar year " Cells* —_— No,of aberxations

of entry t dic ms ace
c-01 1984 9442 1 1 3
C-02 1963 484(2202) 3 1
c-03 1968 187 ( 850) 0
C-04 1965 1011(4594) 5 1 7
c-05 1970 372(1689) 3 1
C-06 1956 114 (517) 1
c-07 1964 813(3695) 2
C-08 1966 397(1803) 4 1 3
X-01 1963 249(1130) 2
X-02 1960 248(1125) 2
X-03 1966 171 (778) 2 2
X-04 1953 265(1223) 4 1
X-05 1957 464(2108) 4
X-06 1970 508(2311) 9 2
X-07 1956 159 ( 722) 1 2
X-08 1970 229(1039) 4 1
X-09 1971 227(1033) 5 1
X-10 1970 337(1530) 7 1 2
X-11 1960 538(2446) 3 1 3
X-12 1969 5717(2622) 14 1 2
X-13 1962 314(1427) 9 2 3
X-14 1958 310(1410) 8 1
X-15 1958 178 ( 209) 1
X-16 1969 636(2936) 12 1
X-17 1970 200(910) 3 1
X-18 '1958 236(1072) 9 1 1
X-19 1961 418(1899) 6 3 4

a: Genonic-cqivalents, cells scored in parentheses, t-translocation,

msertion, ins~insertion, ace-acentric aberrations.

3
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2 0008 100 .
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X0t = 249
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2v7) o BipMERE, TR (RW2,160m) P HLEBEANTY, FUS (2400m), #FEHMH (2,800m) k@ TH
AR (2,78m)IcE Y, Lk LUCHE (1, 950m)7b‘f:Hﬁi”kﬁéiﬁ%lﬂﬁa?ﬁvko iﬁﬂﬂ; TiBR

2,800m7* £3,300miC & 1} 5 LRI THRBR I X 5%&%479 A
. [BFFERR]

1) K 1 FUSORT b BAE30km F 2% 22 HAB OIS, WH320000 BEME BV TEHE S
A4y WL (Fg 1), TRoOW|EOBANRUROBONES RN LT RN TERE, RIFICH
BItRBRORE, BERELGBORELREROE, HMIABRDORE), Rheum tanguticum &FEL
oo BILEXOD RIIZHERR ~FE TpHO.7TE MMM AR L (Table I), =/ vY® Y L BOMASL AL
S 5 $LoniceraR B U 3 ¥R SalixR DBARMEF 6 2 2B o - WERKT, BERIZIZENOY L F
vl 3RO A RrAstragalusB, BRIO L= 2 NIt BPedicularisR, BupleurumB ik LOBED LY
%+, Leontopodium® % Ligulariaf s UHOXBED F 2 8, * I+ B VaerianaRE U ¥ Ry ¥, 5v#
%4 ERROER UMY HAR S hi, AL bRAEA, HERHTICRET EREETD
F 2y MASRIROBIZBWT, HEMNMIR tanguticum & B F4% TR ENLTNWADERoW
oAt FIFROMOET, BELOINTERLEGOTHEE i -7, ARRCRONKIZVTR
b, WREKHBETRO RARICHAEORAI L DRV LIRHTCH o7, BUZOBEDEY /
Y FARRIBMHMOTH THE L TVIER L ZZAETH o ot IRFZEL { K272 (Table 1),
G OTHTBERE, Y/ Y FERRURASONRGYSMELL, £, HBEOHREEED
/Y FEEE, WPRLIPOEBELTES O THouds, hbHREHY IR0 NS
HRICEEVL2ITHETH S, 28, FEKOH Ly /- AR IGTIHHEENRE BFLC 15:7)*0
7:%¢ (Table I), THIINEMBOEKIILILLOLEX LND,

2) HRE : PR o R mERMEHI i o A B 1910m OB R o BT, #250mticibr B
YU OBTE LR L A (Fig. 2)0 TRWEO/INKRY, NEOF I~ LIE, BHEME, LRk~
BT PIMREONE, BN DREBOHKRR UEROBLMEBOIN, &4 5 5 Glycyrrhiza uralensis
e L2, AREHRICONETORME LM RED, SHIKRNEETS, HEBoEDE
TpHB3L 7% T MER L (Table 1), EXOBEORS TS ICELZ0ZP0RREICE, F27H0
Echinops/, ¥ a7+ 7 FUNOER, N2UILH, THVHSc ORMREE BRI 2 MR R
Yoo MIBT15emiCB} 2 MBS BEORLERUL, YUVFMVFSREBB LRGSR, WThORE
b2% T Lo fedt, FMHROTHCHEL TVAERILBI B ARFOSEESBULEERL (Table
?,mwwﬁvmﬁthﬂ#mkxbﬂmﬁosl#&WTéuaﬁrwanka

i)

WA WMBOFECHIBICIE, KEOXFEDL12 TS DR tanguticum PEELTWHS I EMUBL, ¥
Zo, HEARMHMIC S MENHELTWAZ EMBE SR, AMRICREEOXEEO10TH S



Glycyrrhiza uralensis EHB S B EAFALLTNE L LANAL, ThbOEEMIRERL I L,

IR EoRE, RBRUE]
1) RASRSSMETRTRSLEREMRE I CHOMBR (19964127 128, KR, BAER

£0p.1-10). 2) WEHHEWOMEHIMH. 3) Natural Medicine ~OHRIAN .

Table [ Soil pH of the place where Rheum and . Tablsll Glyeyrrhizin content of roots of

Glycyrrhiza plants were grown naturally. Giycyrrhiza plants naturally grown and
Soil samples H,0  KCl Glycyrehiza Radix in market in nghﬂ.j
Samples Glycyrthizin  Fregh root
GOlycyrthiza plants wete grown* 832 7.83 . content(%) diameter (mm) _
(RiBE RHRRE T ) Roots of Glycyrrhiza plants*

(35" 48" N, 102° ¢ E,Alt 1910m) A 1.59 403
Rheum plants wero grown* 674 559 B 1.5 6.30
(W ilE B R B IR TN B ) _ C 1.99 © 608
(35" 16’ N, 101° 55 _E, Alt. 3200m) D }gg | g-gg
*Sandy soil, **Dark-brown soil F 132 508

" Average 1624022 520126

Glycymhiza Radix in market

1st grade(14%) 5.10 10.0«
2nd grade(2#%)  5.08 10.0<
JP i * more than 2.5% |

“San:glea for analysis were collected at 15 cm in
depth from soil sufface on August 10, 1996.

Tablell Results of genaral tests of JP and sennosides contents of roots of Rireum plants naturally grown in Qinghai
and Rhei Rhizoma (KH) collected in markets of Qlnghai and Kansu provinces.

A4 R
Samples Total ash Acid-insoluble Delute sthanole Losson  Raponticin  Sennoside (%)
— _ (%) ash (%) goluble extract (%) drying (%) A B
Rools of Rheum plants natucally grown in Qinghai*
Sample A 20.9 1.0 26.9 183 - 0.5 026
Sample B 182 0.7 27.9 107 - 0.59 0.25
Rhel Rhizoma collected in market of Qinghal Frovince (W-¥%%&)
Produced in Donren (FI4Z) 7.3 0.6 44.0 8.3 ~ 0.26 0.12
Produced in Yushu (EH#) 144 03 45.9 7.7 - 0.16 007
Produced in Baima (¥E3%) 105 0.4 48.7 7.6 - 0.95 - 0.41
EERH 20.4 1.0 51.5 49 - 1.03 0.44
" Rhel Rhizoma collected in market of Kansu Province (H'I§%)
AR 8.5 1.0 443 58 - 0.08 --*%
AR B.5 0.7 409 7.0 - 0.3 %%
NN, 9.0 03 38.1 6.9 - 0,07 .*x
AR 13.2 0.6 402 7.9 - R T
nik . 9.2 0.9 34.5 9.5 - 006 --**
jp i Not more than Notlesathan Notmorethan —  Not less than
13.0% 30.0%_ 13.0% 025%

X RE MR BORE BB not analyzed,
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I arrived in ] apain 1n 3 July, 1996 and entered immediatel& the Department of Anatomy, Nihon

University School of Dentistry. Under the leadership of Prof. Y. Toda, I have engaged in the stvﬁ.dy

of extracellular matrix (ECM) of heaft in the early embryonic development. I have learned and

mastered some basic technique of laboratory and theoretical knowledge since I came here, and have

completed a subject of study and writen a thesis ~Histochemical investigation on the distribution

of sulfated glycosaminoglycans and proteoglycans in the early embryonic hearts” . At the present,

I have designed a plan of investigation and continue to investigate the components of ECM on

kidney within remain time. The glomerular basement membrance (GBM) and mesangium contain

abundant ECM. Under certain pathological conditions, the accumulation of excessivee ECM may

cause glomerulosclerosis and interstitial fibrosis resulting in end-stage kidney disease. Next study

is to investigate the production and distribution of ECM in normal and éxperimental

glomerunephritis. First, experimental models of glomerulonephritis will be made and

experimental method will be sought in tow months. Second, the process of ECM components (such

as collageﬁ I, I1I, IV, HSPGs, Fibronectin, Lamin) deposition in the diseased kidney in vivo will he

studied by usihg the methods of molecular biology, which demands at least 4 months.




. 3 % # &

Glycosaminoglycans (GAGs) and proteoglycans (PGs) are important components of

extracellular matrix (ECM) and have an important effect on heart morphogenesis.

Particularly in the regions of the atrioventricular (AV) canal and the outflow tract (OT), in

which the endothelial cells undergo a normal transition to form cushion tissue. Abnormal

. development of cushion tissue can be correlated with the majority of congenital heart defects.

Although some studies on the nature and distribu.tion of GAGs and PGs within ECM in the

early embryonic heart have been .reported. However, previous studies have been mainly

' (@*i . . .
_focused on some stages of hearts¢development. A systematic observation of distribution and A

alterations of GAGs and PGs within ECM in the chick heart of a series stages during the

early embryo has not been done. Thus, the study was performed.

"Chick embryos at 12-26 stages were analyzed histochemically by alcian blue staining at

PH 1.0 to determine presence and distribution of sulfated GAGs and PGs during early

cardiac development. The.results showed that there were some differencesin the distribution

pattern and the intensity of the alcian blue positive stained material in these embryonic

chick hearts. .Alcian blue stained material in the regions of atrioventricular (AV) canal and

outflow tract (OT) was well-distributed in these specimens of embryonic hearts from stage

12 to 26, but the intensity of the staining in embryos older than stages 13%was markedly

stronger. In the region of the ventricle it still remained markedly positive at stage 12-14,

and gradually lessened at the latter stage 15-18 and lost in the later stages. No staining

“was observed in the regions of the atrium. The result indicated that extracellular matrix

(ECM) in the region of AV and OT is rich in GAGs/PGs in the early embryo, this may be

correlated with the migration of cushion tissue mesenchyme, whereas in the region of

ventricle the GAGs/PGs in the ECM became less and less, this may be correlated with the

endothelium remains unactivated.
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In the current year of the grant of Japanese-Chinese medical association, we studied effect of activa-

tion of chemoreceptors on somatosympathetic reflex under the guidance of Dr. Sato, vice-director of

Tokyo Metropolitan Institute of Gerontology. Here is the report as follows:

An electrical stimulation of somato-afferent, tibial nerve for example can produce responsive elec-

trical discharge in sympathetic efferent such as renal verve, cardiac nerve, etc. and this discharge is

termed as somatosympathetic reflex. There are tow discharge components mainly, i.e. the A- and C-

reflexes in somatosympathetic reflex resulting from eliciting myelinated A and unmyelinated C fibers in

the somatic nerve respectively by electrical stimulation.

Our past studies demonstrated that some neurotransmitters such as nitro oxide (NO) and glutamate

involved in modulation of the somatosympathetic reflex. It is very interesting to know whether other

factors such as chemoreceptor and baroreceptor central input information could also modulate

. somatosympathetic reflex. With this purpose, we tested effects of activation of chemoreceptors r

somatosympathetic cardiac reflex in anesthetized rats. For activating chemoreceptors, hypoxia was pro-
duced with its end-tidal oxygen 10% FETO2 and 6% FETO?2 respectively. During 6% FETO2 hypoxia,
the amplitude of the somato-cardiac sympathetic A-reflex increased significantly to 138 + 13% of the
control, and that of the C-reflex increased to 186 + 18% of the control. During 10% FETO2 hypoxia, the
A-reflex increased insignificantly to 117 + 8%; the amplitude of the C reflex was augmented significantly

to 149 + 11% of the control. Peripheral carotid chemoreceptor denervation abolished the facilitatory

effects of systemic hypoxia. It is concluded that carotid chemoreceptor stimulation enhances the respon-

siveness of somato-cardiac sympathetic excitatory reflexes originating in the hind limb receptors.
This result has been published in the journal of Neuroscience Letters (Vol. 216, 175-178, 1996).
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Phosphatidylinositol 4,5-bisphosphate reverses the
inhibition of RNA transcription caused by histone H1
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*Department of Biochemistry, Institute of Medical Science, University of
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The abbreviations used are: PIP3, phospﬁatidylinositol 3,4,5-trisphosphate; PIP2,
phosphatidylinositol 4,5-bisphosphate; PIP, phosphatidylinositol 4-phosphate; PI,
phosphatidylinositol; [P3, inositol 1,4,5-trisphosphate; PS, phosphatidylserine; PA,
phosphatidic acid; PC, phosphatidylcholine; CL, cardiolipin; PG, phosphatidylglycerol; PLC,
phospholipase C; PKC, protein kinase C; PKA, protein kinase A; PH domain, pleckstrin
homology domain; ARF, ADP-ribosylation factor; EGTA,
[ethyleneBis(oxyethyle’nenitrilo)]tetraacetic acid; PMSF, phenylmethanesulphonyl fluoride;
DIFP, diisopropyl fluorophosphate; Hepes 4-(2-hydroxyethyl)-1-piperazineethanesulfonic

acid; Mes 4-morpholineethanesulfonic écid; TFA, trifluoroacetic acid



Introduction

PIP2 is recognized as the source of the bioactive second messenger inositol
trisphosphate(IP3) for intracellular Ca2* mobilization and diacylglycerol(DG)
for PKC activation. In addition to its role as a signal-generating lipid, PIP2
has been shown to modulate the functions of various pl_rdteins such as
PKC(1,2), p-calpain(3), ADP-ribosylation factor(ARF) 1(4), and
phospholipase D(5). PIP2 also binds to actin-regulating proteins such as
profilin(6), cofilin(7), gelsolin(8), gCap(9), and a-actinin(10) and regﬁlates
the functions of these proteins. It has been reported that a decrease in the
amount of PIP2 bound to a-actinin and vinculin correlﬁtes with the
depolymerization of actin in vivo(11l). 'Recer‘l'tly, it has been also
demonstrated that the interaction of PIP2 with PH domains(12) and the PTB
domain(13) is important for anchoring proteins at the membrane surface. All
these data suggest that PIP2 not only generates second messengers, but also
modulates the function of PIP2-binding proteins. |

Increasing evidence indicates that PIP2 is present in the nuclear membrane
and nuclear matrix as well as in the plasma membrane and cytoplasmic
cytoskeleton. Likewise, the isolated membrane-free nuclei from Friend
erythroleﬁkemia cells have enzymes that produce both PIP and PIP2(14), and
a decrease in nuclear PIP and PIP2 was observed in Swiss 3T3 cells in the
~early stages of the response to insulin like growth factor(IGF-1)(15) and in
Hela cells during S-phase(16). In addition, PIP2 hydrolysis activity has been
demonstrated in nuclei. Martelli et al. have reported that the purified nuclei
of 3T3 cells contain PLCJ and that IGF-1 treatment stimulates the activity of

nuclear PLC(17). Furthermore, a PLC isoform confined to the nuclei has been



Materials and Methods

Materials---Histone H1, H3, staphylococcus aureus V8(V8 protease), and
PKA were purchased from Boehringer Mannheim. PKCs purified from rat
brain were a kind gift from Dr. Inagaki(Aichi Cancer Center, Japan), and
Cdc2 kinase was from Upstate Biotechnology Incorporated. [SH]PIP2(7.6
Ci/mmol) and [y-32P]JATP were purchased from Du Pont-New England
Nuclear and Amersham, respectively. Drosophila Embryo Nuclear Extract
in vitro Transcription System was from Promega. The peptide gel filtration
column(Superdex Peptide HR 10/30), protein gel filtration column(Superose
6) and reverse phase C18 COILlﬁ{I;(TSngl ODS-80TMCTR) were from
Pharmacia Biotech and TOSOH(Japan), respectively. DEAE-
cellulose(Whatman), cellulose phosphate(Whatman), and Hi-Trap heparin
column(Pharmacia) were purchased as indicated. PIP2 and PIP was prepared
from bovine spinal cords by the method previously reported(27), PI,
phosphatidylcholine(PC), phosphatidylserine(PS), and CL were purchased
from Sedary, PG was from Sigma. Diparmitoyl PIP3 was chemically
synthesized.

Preparatioﬁ of antibodies---Polyclonal antibodies to histbne H1 and H3 were
prepared by injecting purified histone H1 or H3 into New Zealand white
rabbits. Thereafter, booster injections were administered every two weeks for
two months. The antibody was purified by 20-38 % ammonium sulfate |
fraction. Monoclonal antibody to PIP2 was prepared as described

before(24,25).



with 0.1 N HCIL. A part of the treated histone H1 was subjected to
SDS-PAGE, transferred to nitrocellulose filters, and then
immunostained with anti-PIP2 antibody. To show that the
association of PIP2 affect the apparent molecular weight of histone
H1, the other parts of the treated histone H1 were applied to gel |
filtration column(Superose 6) previously equilibrated with the
buffer containing 20 mM Tris-HCIl(pH, 7.5) and 0.1 M NaCl, and
eluted with the same buffer. For dot-blot analysis, peptides and proteins
were spotted on a nitrocellulose filter and stained with anti-PIP2 antibédy.
Extraction of PIP2 from histone H1 and histone H3---200 ng of burified
histones H1 and H3 were extracted with 2 ml chloroform/methanol(2/1) and
0.5 ml IN HC.I. The chloroform layer was evaporated under a N2 stream and
the residue was spotted onto a thin-layer chromatography(TLC) plate. The
plate was developéd in chloroform/methanol/ammonia/H20(14/20/3/5, v/v)
and immunostained with anti-PIP2 antibody.

Preparation and analysis of peptides from histone HI---50 pg Histone H1 was
digested overnight with 50 pLg/ml V8 protease in 50 mM pﬁosphate buffer, pH
7.8. The peptides from the digest were separated by high performance liquid .
chromatography(HPLC) on a C18 column with a linear gradient of 0-60 %
acetonitrile in 0.091% trifluoroacetic acid(TFA) as described before(28).
Each eluted peptide was lyophilized and then solubilized in water. The
molecular mass of the peptide was determined by HPLC on a peptide gel
filtration column equilibrated and eluted with 10% acetonitril in 0.1% TFA.
The amino acid sequencing was performed by a protein sequencer(Sﬁimadzu,

Japan).



plasmid(32), and the supercoiled pKr plasmid was used for in vitro
transcription. RNA synthesis was performed as described in the Technical
Bulletin(Promega) using a Drosophila embryo nuclear extract in the presence
or absence of histone H1 or phospholipid vesicles. Phospholipid/histone H1
vesicles were prepared as follows. Lipids in organic solution were dried
under a N2 stream, suspended in histone Hl-containiﬁg solution by sonication.
The quantity of cDNA obtained from a specific primer extension
reaction(reverse transcription) shows the amount of t_he specific rnRNA. The
primer.for reverse transcription 18 |
S’TATTACTCGCGGTTGTGTGTGGCACAAC, which hybridizes to the
Kruppel mRNA from +45 to +73. The primer extension reaction was
performed at 37 OC for 60 rﬁin in the buffer described in the Technical
Bulletin. The predominant products, 72 and 68 bases in length, were
separated on a denaturing gel containing 8 % acrylamide, 7 M urea, and

TBEX1 buffer. The gel was subjected to autoradiography.



of PIP2 with histone H1 and H3 did not occur during preparation
of histones.

To clarify the specificity of PIP2-binding to histone H1 further, histone H1
was incubated with various amounts of PIP2 and western blot was carried out.
As shown in Fig. 1d, exogenously added PIP2 was detected on histone H1 in
dose dependent manner, suggesting that this binding is specific and very
strong. To confirm that anti-PIP2 antibody does not crossreact with
histone H1, PIP2 bound to histone H1 was removed by the
incubation with 0.1 N NaOH. Though histone H1 protein was -
stable undAer this treatment, it was no more stained with anti-PIP2
antibody(Fig. le), suggesting that anti-PIP2 antibody did not react
with histone H1 protein by itself. Furthermore, gel filtration
study showed that 0.1 N NaOH-treated histone H1 eluted more
slowly than non-treated histone HI1(Fig. 1f), showing that apparent
molecular weight of histone H1 was reduced by removal of bound
PIP2.

It appears to be important to understand the interaction between PIP2 and
histone H1. Therefore, we next determined the PIP2-binding site in histone
H1. When histone H1 was digested by V8 protease and subjected.to C18
reverse column chromatography, seven peptides were obtained(No 1-7 in Fig.
2a). Among these peptides, peptide 1 was identified as containing the PIP2-
binding site by dot-blot analysis with anti-PIP2 antibody in addition to original
histone H1(No. 0)(Fig. 2b).” PIP2 bound to peptide 1 was still remained after

HPLC as seen in oa-actinin(28). The molecular mass of peptide 1 was

11



of PKC(34), PKA(3S), and cdc2 kinase(36) in rat H1d, human H1b, and

- bovine H1, we recognized that all the phosphorylation sites are nearly
conserved among the subtypes and that the PKC phosphorylation site is close
to the PIP2-binding site. Thus, we assume that the phosphorylation of serine-
104 by PKC induces the decrease in PIP2 binding to histone HI.

- Since histones have been known to suppress the transcription by RNA
polymerase II, we were interested in the effect of inositolphospholipids on the
transcriptional inhibition mediated by histone H1 in eukaryotic celAls.b We next
examined whether PIP2 can counteract the repression of RNA polymérase II
transcription by histone H1 using a drosophila embryo transcript.ion system.
Transcription by RNA polymerase II was inhibited 90-95% by 1 uM H1 and
completely inhibited by 4 tM H1 in the absence of phospholipid(second lanes
from left in Fig. 4a, b, and c). The addition of PIP2 to the reaction mixture in
the ratio of 10 mol PIP2 to 1 mol histone H1(1 uM) reversed the
tfranscriptional inhibition by histone Hl to 62 % of the basal transcfiption
level(lane 4 compared to lane 1 in Fig. 4a). Antirepression caused by PIP3 or
PIP was also found, but these effects were much weaker than that of PIP2.
The degfee of transcriptional activity was about 12 % in the presence of
PIP3(10 uM) and 6% in the presence of PIP(10 uM). And a slightly effect of
CL and PG at 10 uM were observed as Hirai et al(23) have reported(Fig. 4b).
On the other hand, PI, PS, and PC had no effect at all at 40 uM(Fig.. 4c). In
addition, we found that IP3 does not affect the transcriptional inhibition by
histone Hl(data not shown). All these data suggest that inositolphospholipids,
especially PIP2 interact with hlstone Hl and are involved in regulation of the

RNA transcription.
13
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non-treated histone H1 and the lower one shows that of the NaOH-

treated histone HI.

Fig. 2. Identification of the PIP2 binding site of histone HI.
(a)Peptides from histone H1 Idigested with V8 protease were applied to a C18
reverse-phase column and eluted with a linear gradient of 0-60% acetonitrile
in 0.091 % TFA. (b)The eluted peptides (peptides 1-7) in (a) were lyophilized
and spotted onto a nitrocellulose membrane along with authentic histone
H1(0), and then immunostained with anti-PIP2 antibody. (c)The molecular
mass of the PIP2 binding pepﬁde was identified by peptide gel filtration
column chromatography using standard proteins including cytochrome C(12.5
kDa), aprotinin(6.5 kDa), insulin B-chain(3.5 kDa), substance P(1.3 kDa).
(d)The first N-terminal 29 amino acid residues were determined by protein

sequencing.

Fig. 3. Effect of the phésphory]ation of histone H1 on PIP2-
binding.

(2)0.1 pg of Histone H1 phosphorylated for 60 min by PKC, PKA, or cdc2
kinase was subjected to 10% SDS-PAGE and transferred to a nitrocellulose
filter. The filter was immunostained with anti-PIP2 antibody and
autoradiographed. (b)The time course for the change in PIP2 level during the
phosphorylation of histone H1 by PKC is shown. Histone H1 phosphorylated
by PKC for 0, 5, 15, 30, and 60 min was subjected to 10% SDS-PAGE,

transferred to a nitrocellulose filter, immunostained with anti-PIP2 antibody,

19



Table 1. The PIP2 binding ability of the peptides was analyzed by
the inhibition of PLCO1 activity.

The activities of PLC81 were measured in the absence of peptide, or in the

presence of 500 uM full length histone H1, or 500 uM histone H1 peptides 1-7

from V8 protease digestion.

21
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protein(peptide)

PLC activity

500 UM umol /min /mg %

) 9.0 +0.4 100.0 *4.4
HI in full length 4.3 0.2 47.8 2.2
peptide 1 4.0 £0.4 44.4 +4.4
peptide 2 8.4 0.5 93.3 5.6
peptide 3 8.5 £0.2 94.4 £2.2
peptide 4 7.4 +£0.2 82.2 £2.2
peptide 5 8.4 +0.4 93.3 4.4
peptide 6 9.2 +0.3 102.2 =*3.3
peptide 7 9.3 £0.4 103.3 *4.4

Table1l Yu et al
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Table 2. Change of relative substitution frequency by IFN therapy

Case 1

Case 2

Case 3

Case 4

Casé 5

Case 6

From [ To A T C G

A - 15.83;36.29 ;1149 0.00; 0.00; 0.00| 26.39;0.00;1532
T 0.00;0.00;3.58 - 18.13;32.90;1430| 0.00;0.00; 0.00
C 0.00,0.00,2.83 11.25; 0.00;33.92 - 11.25,0.00; 848
G 4.29,0.00;6.73 857:,30.81; 336 ] 429; 0.00; 0.00 -

From | To A T C G

A - 335;1463; - 10.04; 0.00; - 16.73;0.00; -

T 2725 000, - - 2446,42.06; - 272,000; -
C 2.08;1043; - 12.48;,20.87; - - 1040;0.00; -
G 6.45;12.02; - 2.15; 0.00; - 645; 0.00; - -
From!To A T C G

A - 11.70; 6.28,0.00 0.00,9.42,0.00 11.70;6.28 ;0.00
T 0.00; 7.12; 000} - 19.97,7.12;0.00 9.99;0.00;0.00
C 7.50; 9.54;, 0.00 |2249;21.46,0.00 - 7.50;2.38;0.00
G 0.00;24.89;100.00 | 9.16; 2.77,0.00 0.00;2.77;0.00 -
From!To A T C G

A - 1293; 0.00; 688 | 431; 0.00; 0.00| 17.24;13.52;41.29
T 0.00; 0.00;0.00 - 15.65;34.84;1450( 3.91; 0.00; 0.00
C 0.00;10.07;6.12 }23.56,20.14; 1837 - 337;1007; 612
G 1522;11.36,6.71 0.00; 0.00; 000 3.80; 0.00; 0.00 -

From [ To A T C G

A - 0.00; 0.00; 000 0.00;0.00; 0.00 | 16.67,0.00;0.00
T 0.00;0.00; 0.00 - 29.22;0.00;45.56 0.00;0.00;0.00
C 7.73,0.00; 0.00 38.85; 100.00 ; 36.64 - 7.73;,0.00;0.00
G 0.00;0.00;17.80 0.00; 000; 0.000 0.00:;0.00; 0.00 -
From1To A T C G

A - 0.00; 0.00; 0.00| 0.00; 0.00; 000 30.89;29.77;16.7%
T 0.00; 0.00; 0.00 - 27.25,1933;2260 0.00; 9.66; 0.00
C 0.00; 0.00,25.02 {25.66;2131;12.51 - . 0.00; 0.00; 0.00
G 16.20;19.93;23.11 | 0.00; 0.00; 0.00| 0.00; 0.00; 0.00 -
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IFN

(sumiferon)
Before After 6M
T 6.9 6.7 7.2
A C 3.5 5.0 0.0
G 18.1 83 % 19.9
A 0.9 3.5 1.9
T éc 23.8 194 19.2
G 2.8 1.8 0.0
A 2.1 7.9 5.7
C T 19.1 210 25.7
G 7.5 2.6 5.7
A 85 19.3 12.9
G <T 3.1 3.0 1.6
C 3.9 1.5 0.0
* P < 0.05

Figure 2. Pattern of nucleotide substitutions observed
in the study
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{
It has been reported that not only lysophosphatidic acid (LPA) but also its sphingolipid counterparf,
sphingosine 1-phosphate (Sph-1-P), induce platelet functional responses. We report here Syk activation in
human platelets stimulated with these lysophospholipids. LPA rapidly induced platelet protein-tyrosine
phosphorylation, including that of Syk, and Syk activation, assessed by immunoprecipitation kinase assay.
Sph-1-P, although rather weaker, mimicked LPA in inducing these tyrosine kinase-related events. Pretreat-
ment of platelets with staurosporine, a potent protein kinase inhibitor, diminished LPA-induced Syk phos-
phorylation and activation, but not intracellular Ca®>* mobilization. These results demonstrate that, in plate—
lets, the bioactive lysophospholipids induce Syk activation, whxch however, may not be related to Ca®*
mobilization. © 1996 Academic Press, Inc. .

Blood platelets play a central role in hemostasis, while overactive platelets are implicated
in the pathogenesis of thrombosis and atherosclerosis. Investigation of the mechanism(s) for
platelet activation is important for therapeutic purposes and is expected to have general implica-
tions for other cell types, as a model system for working out stimulus-response coupling

- pathways. Platelets can be activated by a variety of agonists, and lysophosphatidic acid (LPA),

the simplest natural glycerophospholipid, is one of the established platelet agonists (1, 2).
Furthermore, this bioactive phospholipid is released from activated platelets and is present in

serum at physiologically relevant concentrations (3). Therefore, LPA is assumed to act as a

local mediator, following discharge from platelets, to regulate cellular functions in an autocrine
(or paracrine) fashion (3). Recently, sphingosine 1-phosphate (Sph-1-P), a lysosphingolipid
structurally similar to LPA, has also been added to the list of bioactive lipids, capable of
activating platelets and released from activated platelets (4, 5). Although the role of these
lysophospholipids as autocrine stimulators of platelet aggregation has been proposed 1,3, 4,
the signaling pathway(s) by which they activate platelets are ill-defined.

In this study, we investigated the biochemical mechanisms of platelet activation induced by
these lysophospholipids with reference to tyrosine phosphorylation-related events, especially
Syk activation, since an increasing body of evidence has suggested an important role of Syk
for platelet activation (6, 7).

’ MATERIALS AND METHODS

Materials. Sph-1-P was prepared from sphingosylphosphocholine with bacterial phospholipase D as described
previously (8). The following materials were obtained from the indicated suppliers: LPA and enolase (Sigma, St.
Louis, MOY); staurosporine (Kyowa Medex, Tokyo, Japan); prostaglandin E, (PGE,) (Funakoshi, Tokyo, Japan);

! Corresponding author: Department of Laboratory Medlcme, Yamanashi Medlca] University, Tamaho-cho, Naka-
koma-gun, Yamanashi 409-38, Japan. Fax: +81-552-73-6713.
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FIG. 1. Platelet protein-tyrosine phosphorylation induced by LPA or Sph-1-P. Human platelets were stimulated
with 40 uM LPA (A) or Sph-1-P (B) for O s (a and ¢€), 15 s (b and f), 1 min (c and g), and 5 min (d and h). Platelet
protein lysates were separated by SDS-PAGE, and tyrosine-phosphorylated proteins were detected by Western blotting
using anti-phosphotyrosine MoAb (4G10).

monoclonal antibody (MoAb) against phosphotyrosine (4G10) (Upstate Biotechnology, Lake Placid, NY); MoAb
against Syk (Wako Chemicals, Tokyo, Japan); fura2-AM (Dojin Chemicals, Kumamoto, Japan).

Human platelets were isolated from the blood of healthy adult volunteers and handled as described previously (7).

Immunoblot analysis. Platelets proteins were separated, electroblotted, and probed with MoAb against phosphotyro-
sine or Syk as described previously (7).

Immunoprecipitation kinase assay. Immunoprecipitation of platelet lysates with MoAb against Syk was performed
as described previously (7). The immunoprecipitates were used for immunoblotting, as described above, or processed
further for in vitro kinase assay. In vitro kinase assay, using acid-treated enolase as exogenous substrate, was performed
as described previously (7).

Measurement of intracellular Ca®* concentration ({Ca®*);). [Ca?*]; measurement was performed with the use of
Ca®*-sensitive fluorophore fura2 as described previously (7), except that fluorescence measurements were made using
a FS100 (Kowa, Tokyo, Japan). The [Ca®*); values were determined from the ratio of fura2 fluorescence intensity at
340 and 380 nm excitation (9). The data shown in this study are those obtained form platelets supplemented with 1
mM EGTA to abolish the influx of extracellular Ca®*.

RESULTS

We first examined platelet protein-tyrosine phosphorylation induced by LPA or Sph-1-P
(Fig. 1). Among a set of tyrosine-phosphorylated proteins which appeared upon stimulation
with LPA, a 75 kDa protein was most heavily and rapidly tyrosine-phosphorylated one (Fig.
1A). Its tyrosine phosphorylation reached maximum as early as 15 s, and then decreased in
intensity thereafter. Sph-1-P also induced tyrosine phosphorylation mainly of a 75 kDa protein,
but with a slower time course (Fig. 1B). Since the 75 kDa protein band had been suggested
to include Syk (and cortactin), based on our previous study using collagen-induced platelets
(10), we investigated whether Syk was phosphorylated on tyrosine residues upon stimulation
with these phospholipids. Syk was immunoprecipitated with anti-Syk MoAb and analyzed on
immunoblots using anti-phosphotyrosine MoAb (Fig. 2). As expected, tyrosine phosphorylation
of Syk increased after stimulation of platelets with LPA (Fig. 2A) or Sph-1-P (Fig. 2B). The
level of tyrosine phosphorylation paralleled that of a 75 kDa protein observed in Fig. 1.

We next studied Syk tyrosine kinase activity using acid-treated enolase as an exogenous
substrate. The enolase phosphorylation activity of Syk increased upon stimulation with LPA
(Fig. 3A) or Sph-1-P (Fig. 3B). In these experiments, the amounts of immunoprecipitated Syk
were not affected by stimulation of platelets with LPA or Sph-1-P (data not shown). Thus, it
is likely that the increase in the enolase phosphorylation activity in the immunoprecipitates
was due to an increase in the specific activity of Syk.

From the results described above, platelets were confirmed to undergo Syk phosphorylation

441



Vol. 229, No. 2, 1996 ' BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A B

syk— - — —— — - -

a b c d e fgh

FIG. 2. Tyrosine phosphorylation of Syk in platelets stimulated with LPA or Sph-1-P. Platelets were stimulated
with 40 uM LPA (A) or Sph-1-P (B) for 0 s (a and e), 15 s (b and f), 1 min (c and g), and 5 min (d and h). Platelet
protein lysates were immunoprecipitated with anti-Syk MoAb. Immunoprecipitates were then subjected to Western
blotting using anti-phosphotyrosine MoAb.

and activation upon stimulation with the lysophospholipids (LPA and Sph-1-P). It is well
established that intracellular Ca** mobilization plays a pivotal role in platelet activation induced
by most agonists, including LPA (2) and Sph-1-P (4). Since the effect of LPA was stronger
than that of Sph-1-P, we evaluated the involvement of Syk activation in intracellular Ca®*
mobilization, using LPA-stimulated platelets. For this purpose, we used staurosporine, a very
powerful inhibitor of protein kinases (including tyrosine kinases) (11); we previously found
that staurosporine was the strongest inhibitor of tyrosine kinase(s) in platelets, although its
effect was not so specific (12). LPA-induced whole platelet tyrosine phosphorylation (Fig.
4A), Syk tyrosine phosphorylation (Fig. 4B), and Syk kinase activation (Fig. 4C) were all
inhibited by pretreatment of platelets with staurosporine (1 upM). In contrast, intracellular Ca**
mobilization induced by LPA was only slightly inhibited by this treatment (Fig. 5). This protein
kinase inhibitor inhibited the Ca®* mobilization by 36.9 + 1.2% (mean + SD, n = 3), while
PGE,, which inhibits platelet activation by elevating intracellular cAMP (13), completely
inhibited LPA-induced intracellular Ca** mobilization (Fig. 5, lower panel).

DISCUSSION

The lysophospholipids LPA and Sph-1-P, as bioactive lipids, are attracting much interest.
Recently, their role as autocrine stimulators of platelets has been proposed, since they are
released from activated platelets and their exogenous addition results in platelet activation (1-
5). However, the mechanism by which these lipids activate platelets is ill-defined. In this
study, we found that Syk, the non-receptor tyrosine kinase which is selectively expressed in
hematopoietic cells (6), is tyrosine-phosphorylated and activated by LPA and Sph-1-P. To our
knowledge, this is the first to show Syk involvement in the LPA- or Sph-1-P-mediated cell
signal transduction. This is probably because elucidation of the cell signaling induced by these
lysophospholipids has been performed mainly in non-hematopoietic cells such as fibroblasts
and smooth muscle cells (where Syk is not expressed) (1, 14). It is now considered that LPA
acts on its cognate G protein-coupled receptor(s), apparently present in many different cell

A B
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FIG. 3. Activation of Syk in platelets stimulated with LPA or Sph-1-P. Platelets were stimulated with 40 uM LPA
(A) or Sph-1-P (B) for 0 s (a and e), 15 s (b and f), 1 min (c and g), and 5 min (d and h). Platelet protein lysates
were immunoprecipitated with anti-Syk MoAb. Immunoprecipitates were then subjected to in vitro kinase assay using
enolase as exogenous substrate.
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FIG. 4. Inhibition by staurosporine of LPA-induced platelet protein-tyrosine phosphorylation, Syk tyrosine phos-
phorylation, and Syk activation. Platelets were preincubated for 5 min in the absence (a, b, f, g, j, and k) or presence
of 10 nM (c and 1), 100 nM (d, h, and m) and 1 gM (e, i, and n) staurosporine and then stimulated without (a, f, and
j) or with (b-e, g-i, and k-n) 40 uM LPA. Lysate samples were processed for protein-tyrosine phosphorylation (A),
Syk tyrosine phosphorylation (B), and Syk activation (in vitro kinase assay using enolase as exogenous substrate)
(C). Incubation times of LPA were 15 s in (A) and (B), and 1 min in (C).

types (1). Based on cross-linking experiments, a putative LPA receptor with an apparent
molecular mass of 38-40 kDa has been reported in LPA-responsive cells and mammalian brain
(15). As for Sph-1-P, the site of action is controversial; some researchers have postulated the
existence of cell surface receptor for this phosphorylated Sph (16, 17), while others have
proposed Sph-1-P as an intracellular second messenger (18, 19). Elucidation of the mechanism

Ratio
49

a3 control
27 k
4

3 + staurosporine

a- + PGE1

4T

1 min
]

FIG. 5. Effects of staurosporine or PGE, on LPA-induced intracellular Ca®* mobilization. Fura2-loaded platelets
were preincubated for 5 min in the absence (upper panel) or presence of 1 uM staurosporine (middle panel) or PGE,
(lower panel), and stimulated with 20 uM LPA. Changes in intracellular Ca®>* concentration were measured as
described under Materials and Methods. Arrows indicate the addition of LPA.
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for Syk activation in signal transduction initiated by cell surface receptors for LPA (and Sph-
1-P) may provide an insight into the signaling mediated by these lysophospholipids, which
would have general implications for other cell types.

Although the information on Syk-mediated downstream signaling has been fragmentary,
Syk involvement in intracellular Ca** mobilization has been suggested in platelets (6, 20).
This has been demonstrated using platelets stimulated with PAF (platelet-activating factor)
(20), which is also an important lipid mediator, as well as LPA and Sph-1-P, involved in
physiological platelet activation (13). In this context, it should be noted that staurosporine
failed to abolish Ca** mobilization induced by LPA in spite of its inhibition of Syk phosphoryla-
tion and activation, suggesting the discrepancy between Syk activation and Ca** mobilization
in LPA-stimulated platelet activation. It seems that various lipid mediators activate platelets
in their own ways.
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Bf%t7 —<~: Enhancement of Splenic Interferon-y, Interleukin-2 and NK
Cytotoxicity by S36 Acupoint Acupuncture in F344 Rats

Introduction

Acupuncture is well known as one of the Chinese traditional medical treatments and it is
used for health maintenance throughout the world. In recent years, it has been reported that
acupuncture stimulation applied to a specific location of the human body, such as the Tsusanli
acupuncture point (S36 acupoint), favorably modulates the immune function of HBsAg carrier and
decreases the HBsAg positive rates. Combined acupuncture and moxibustion on supplementary
acupoints inhibits the development of cancer cells and results in a prolonged survival of cancer
patients.

There is an established concept that NK cells are important as the first line of host defense
and as one of the final effector cells against certain tumors, viruses and infections. Several
cytokines have been shown to affect NK cell proliferation or cytolytic activity. Of these, IL-2 and
IFN-y have been the most extensively studied. They have been proved to augment the cytolytic
activity of NK cells to attach to tumor cells and viruses and kill these organisms. These reports
may suggest that acupuncture enhances NK cell activities and results in favorable modification of
the clinical conditions in the patients described above. |

Our previous report and unpublished data revealed that successive acupuncture treatment
applied to S36 acupoint (but not to the abdominal muscle) for three days enhanced splenic NK
cytotoxicity, which peaked (p<0.01) on the first day after final treatment and gradually declined
thereafter in Wistar rats. However, the mechanism of acupuncture on NK cell activities is
unknown. The present study was designed to examine the possible mechanism of acupuncture on
NK cell activities in an inbred strain of F344 rats.

Materials and Methods
Experimental design:

Electro-acupuncture stimulation was carried out between 3:00 P.M. and 5:00 P.M. for three
days. Non-acupunctured control rats were restrained in acrylic rectangular boxes with no special
treatment. On the first day after the final treatment, rats were anesthetized by intraperitoneal
injection with 50 mg/kg pentobarbital sodium. The spleens were removed aseptically, divided into
two portions and weighed. One portion was used to measure splenic NK cytotoxicity and the
remainder was dissolved, weighed, immersed in 500 pul cold RPMI 1640 medium, and
homogenized by glass tissue homogenizer in an ice cold water bath. The homogenates were then
centrifuged at 8000xG for 1h at 4°C and the supernatants were collected, sterilized by passing
through a 0.22 pm filter and stored at -80°C until used for cytokine assay

Acupuncture on S36 acupoint and abdominal muscle in Inbred F344 rats
Electro-acupuncture stimulation was applied to S36 acupoint and abdominal muscle.



Briefly, two sterilized acupuncture needles were inserted perpendicularly about 5 mm into the
anterior tibial muscle at the S36 point and the external oblique abdominal muscle. Electrical
stimulation pulse with voltage ranging from 1 to 5V, duration of 1 msec and frequency of 1 Hz
delivered from an acupuncture stimulator, was applied by two outlets through the two needles. The
intensity of electrical stimulation was determined to be the minimum voltage to cause moderate
muscle contraction. Electro-acupuncture stimulation of S36 acupoint was applied to the left S36
acupoint for 1h, followed by one 1h stimulation to the right in the same rat. Electro-acupuncture
stimulation of abdominal muscle was applied bilaterally for 2h. The stimulation protocol was
repeated each day for three consecutive days to rats under restriction in acrylic rectangular boxes.
NK cytotoxicity assay
Splenic NK cytotoxicity was measured in a standard 4-h *1Cr release assay.
Cytokine assays
IL-2 assay: IL-2 in extracts was analyzed according to the ability to support the growth of
IL-2 deperident T-cell line (CTLL-2 cell line).
IFN-y assay: IFN-y in extracts were measured by the Mouse IFN-y ELISA Test Kit
(Genzyme).
Results

The effect of acupuncture applied to the S36 acupoint on splenic NK cytotoxicity
The present experiments were designed to examine splenic NK cytotoxicity affected by
acupuncture applied to the S36 acupoint in F344 rats. NK cells were prepared from rats on the first
day after final treatment and cultured with target cells at E:T ratios of 100:1, 50:1, 25:1 and 12.5:1.
The experiments were repeated five times with similar results. The data expressed in Fig.1
represents the mean + S.E.M. of combined LU data from all rats. The splenic NK cytotoxicity of
the S36 acupoint acupunctured group (17 7+0.5LU/10’ effector cells) was significantly higher
(p<0.001) than that of the abdominal muscle acupunctured group (13.4+0.9LU/ 10" effector cells)
and the non-acupunctured control group (13.7i0.6LU/107 effector cells). In contrast, there was no
difference between abdominal muscle acupunctured group and non-acupunctured control group.
The effect of acupuncture applied to the S36 acupoint on IL-2 and IFN-y levels of splenic
aqueous extracts
Since T cell cytokines IL-2 and IFN-y are generally believed to be responsible for
enhancement of NK cytotoxicity, These experiments were carried out to examine whether or not
acupuncture on S36 acupoint enhances T cell cytokine productions and result in an increase in NK
cytotoxicity. To do this, extracts were prepared from acupunctured and control F344 rats on the
first day after the final treatment and endogenous cytokine activities were examined . As shown in
Table 1, the IL-2 level in the extracts of S36 acupoint acupunciured rats (31.5%2.3 U/g) was
significantly higher than that of abdominal muscle acupunctured rats (18.5+3.3 U/g, p<0.001) and
non-acupunctured control rats (21.3+1.1 U/g, p<0.001). The level of IFN-y in S36 acupoint
acupunctured rats (617139 pg/g) also showed a significantly higher level than that of abdominal



muscle acupunctured rats (460+37 pg/g, p<0.01) and non-acupunctured control rats (419119 pg/g,
p<0.001). However, there was no difference between abdominal muscle acupunctured and
non-acupunctured control rats.

To determine whether the increase in splenic NK cytotoxicity after acupuncture treatment
of S36 acupoint was related to the increase in the levels of IL-2 and IFN-y, the splenic NK
cytotoxicity was plotted against the IL-2 and IFN-y production for individual rat. As shown in
Fig. 2, the shift from splenic NK cytotoxicity correlated not only with the shift of the ILL-2 level
(simple linear regression, r=0.62, p<0.01), but also with the increase in IFN-y production (simple
linear regression, r=0.49 p<0.01). In addition, as shown in Fig.3, the increase in IFN-y
production was accompariied by an increase in the IL-2 level (simple linear regression, r=0.53,
p<0.01).

Discussion

Traditional Chinese acupuncture, especially on S36 acupoint, is used as one type of
supplementary therapy for the treatment of acute and chronic diseases such as viral infectious
disease and cancer in China. Several mechanisms have been proposed to explain the therapeutic
effect of acupuncture. These include 1) regulation of the endocrine control system in the body
(hormone regulation); 2) regulation of nervous control system (neurotransmitter regulation) and 3)
increase in function of the immune system. However, the mechanism(s) by which acupuncture
favorably modify the clinical conditions of these diseases is not well known. The present results
clearly showed that electro-acupuncture stimulation on bilateral S36 acupoint once a day (1h) for
three days significantly increased splenic NK cytotoxicity as compared to that of abdominal muscle
stimulated and non-stimulated control rats (Fig.1). It is also showed that acupuncture of the S36
acupoint enhanced the levels of IL-2 and IFN-y in the spleen (Tablel). There are significantly
positive correlations between the levels of cytokines and their splenic NK cytotoxicity (Fig.2,3).

IL-2 is primarily released by activated helper T cells and acts as the central role in the
regulation of NK cell activities. IFN-y is released not only by helper T cells but also by IL-2
activated NK cells and serves as one of the important factors in the up-regulation of NK activities.
Together with these reports and the present results, it is a possible that enhancement of NK
cytotoxicity by acupuncture on S36 acupoint is owing to, in part, the increase in both IL-2 and
IFN-y production.

The conclusions from this study can be restated as follows: 1) acupuncture on S36 acupoint
increases splenic NK cytotoxicity. 2) At least, as one of the mechanism(s), IL-2 and IFN-y play
important roles in the regulation of immune functions especially splenic NK cytotoxicity in S36
acupoint acupunctured animals. ’

MERREDFER :
BON-FZERIE B 74E H RAEHFE RS KARBA25-27H., IERICTRETFETH 5,
F 7. 5B FEITDJapanese Journal of Physiology (Vol.47, No.2)IZHBEHFETH 5,
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Table 1. Effect of Acupuncture on the IL-2 and IFN-y
Levels of Splenic Aqueous Extracts in F344 Rats

Group IL2 (Ul FNpe)
. 315423 618+39
S36 acupoint Acupunctured (1=13) (ne13)
Abdominal Muscle Acupunctured 185 £3.34 460+ 37+*
(n=6) (n=6)
Non-acupunctured Control 213 1. 1%%* 419 £ 194>+

(n=14) (n=14)

Figure. 1. Effect of acupunctureon splenic NK cytotoxicity in F344 rats
Results are presented as the mean +S.EM. of LU, where 1LU presents the
number of effector cells per 107 mediating 50% target cells lysis. S36 acupoint
acupunctured group displayed a significantly higher NK cytotoxicity compared
to the abdominal muscle acupunctured group and non-acupunctured control
group.  One-way ANOVA followed by Fisher's PLSD test revealed that
F(2,37)=16.02, p<0.0001. ***, p<0.001 for S36 acupoint acupunctured group
vs. abdominal muscle acupunctured group and non-acupunctured control group.
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Figure.2. Correlation of the splenic NK cytotoxicity with two cytokine
levelsin individual $36 acupoint acupunctured (@; n=13), abdominal
muscle acupunctured (O; n=6) and non-acupunctured control (A; n=14)
rats At the splenic NK cytotoxicity plotted against the IL-2 level (r=0.62,
p=0.001 by simple linear regression aﬂalysis). B: the splenic NK cytotoxicity
plotted against the IFN-y production (r=0.49, p=0.004 by linear regression
analysis).

Extracts of spleen were taken from acupunctured and control rats. The
levels of IL-2 and IFN-yin these extracts were detected. Data presented
here are mean £ S.E. M. of three of four different experiments which gave
reproductive results. One-way ANOVA followed by Fisher's PLSD test
revealed significant effect of acupuncture of S36 acupoint on IL-2 level

( Fz,30=10.6, p<0.001) as well as IFN-ylevel (Fp30~12.2, p<0.001).

** p<001 for S36 acupoint acupunctured group vs. abdominal muscle
acupunctured group. *** p<0.001 for S36 acupoint acupunctured group vs.
abdominal muscle acupunctured group and non-acupunctured control group.

®  S36 acupoint acupunctured (n=13)
O  Abdominal muscle acupunctured (n=6)
A  Non-acupunctured control (n=14)

IFN-y ( pg/g)

1L-2 (Ulg)

Figure. 3. Correlation of the production of IFN-yand IL-2 levelin the
extracts of individual acupunctured and control rats. Results presented
are the production of IFN-yplotted against IL-2 level (r=0.53, p=0.002 by

simply linear regression analysis).



BHaEBBAHAMMBE &I Xk S
1996 <= BF |3 P 2= 2515 J7 38 S Bh R ER &5 =
—EETEAGREFRB R~

9« 3 B 4 ®
MEEA BHRE¥HE
mEE hE B R

1. PR E4 jf EED \\ S .
mrovism SR E A K o— T Y Yy i
m & wrdo-) Bk A Fal mre 0801-£2-3311 w2109

1. % O B % B '

89, 1. I 10,1 FE| BRREN ARG Lt o F

1989. Jo.|n %ﬁb&xﬁwaﬁﬁk&%ﬁl@%}% &k

992 4o~ R RE UL P

M. 38 % O 5 % £

%’]é()(/l?l/i q'- 0

V., 2 EORREM
(1) %=, MRER %k.:lbb!’(‘@l]ﬁ%%%( =24 - NE)

0 FE BRR ases, S5 IR B HCDeb(Br2) 0 A

6)F2b @ ﬁz‘&%&‘éﬁw

3) 7& /@Ynﬂ:btm’\ﬁz endotonin Soueﬂ/ ,/awv% @h/@ywe 2 QXPYess on of
wgéenmwna B oells_in yospense 20 Lp5 @ Badiy of mannose buding proton £o -

(0) #RUWBIRRLEAX K (M4 - B

Wit o TR ELE 0 M9 v w015 (CERAHFIS

V. A&@W%*P@&U%%

WS 5 IR h v C08b (B-2) N BB o Xt=2"2 BV
ﬁfﬁ(/ﬁ?fbkm\i M%\/‘Lv\ \&/U\Z%\\\%i




VI. #F % # & (HEHE. XEEHETHEWTTIWN, 2L 00FBETERLTTFIN, )

%’J%\k L"_J% 1’}'4

VI. fHEBEOER
EEY s e SREEACE KSR ERE Y1448 ABAKRE

v (zs | AR afR B FIET. FRT 2 '3 0h RAEEq BRBELIER

B, Fric WHEE 53 THEATE o ST R-4ES (2T H T,

w2)—2 KEVERGE £t-NHE b EYEIREE E T (T HEE e
T $RZERAT groirdlfr o SONFEF Iufect. Tmnwn. 0 BIZ6y
ﬁ%:{l{’r— l:%i(%[to _

E 3 BmniZEREN T ZAM AN EEF 5 e P EA6S T

N \ 2 _ J -
FRBER). St ol FONEFTRE: E3 v HF I EY,




. B

£ W % (HEE. XBEBTEVWTTFIN, L00FBRETRRBRLTTEN, )

In this study, we isolated from human sera MBP which binds Klebsiella O3 LPS. Several

lines of evidence suggested that the protein isolated was MBP. First, its molecular mass was higher

than 200 kDa in SDS-PAGE under nonreducing conditions, and it was dissociated into the subunits

with an apparent molecular mass of 32 kDa in SDS-PAGE under reducing conditions; second, it

definitely reacted with the anti-MBP MADb in immunoblotting; third, its partial NH2-terminal amino

acid sequence was completely consistent with that of human serum MBP; finally, it was bound

specifically to LPS possessing the mannose homopolysaccharide.

The present study has demonstrated that LPS possessing the polysaccharide structure may

activate the complement system through the lectin pathway by using MBP. Previously we found that

LPS possessing mannose homopolysaccharides as O-specific polysaccharides exhibited an

extraordinarily high anticomplemént activity, and its activity was heteropolysaccharide. This

extraordinarily high anticomplement activity can be easily explained by the binding of MBP to the

mannose homopolysaccharide moiety of LPS. In fact, Klebsiella O3 LPS did not exhibit a strong

anticomplement activity in MBP-dependent serum. We also reported that LPSs possessing mannose

homopolysaccarides as O-specific polysaccharides, such as LPSs from Klebsiella O3 and 05 and E.

coli O8 and 09, exhibited a strong adjuvant action on the immune response to nonimmunogenic

autoantigens in mice and triggcfed the production of autoimmune lesions. The strong adjuvant action

of LPSs possessing mannose homopolysaccharides was closely associated with their strong

complement-activating ability. MBP might also play a crucial role in expression of a strong adjuvant

action of LPS possessing mannose homopolysaccharides.
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ABSTRACT

Iﬂ this study, we amplified the complementary DNA of the mature region of human bone
morphogenetic protein-4 (hBMP-4) from a human osteogenetic cell line (OS-732), using the
reverse transcription-polymerase chain reaction (RT-PCR) method with two specific primers
ﬂahk'mg the mature region. The cDNA of hBMP-4 mature region was cloned into the expression
plasmid vector-pKK223.3. Forty-eight clones were selected, and eight of them were identified to
be recombinants contains cDNA of the mature region by restriction enzyme analysis. Human
" bone morphogenetic protein-4 mature region recombinants were thus established. This study may
lead to availability of mature region peptide of recombinant BMP for study bioactive hBMP from

Escherichia coli.



Introduction

Bone has a remarkable potential for a continuous balance between its resorption and
formation. Bone growth and establishment depend upon bone formation. Urist et al
demonstrated that extracts from demineralized bone could induce bone formation if implanted
into ectopic sites in rodents (1). The factor responsible for bone formation was named bone
morphogenetic protein (BMP). The bone-inducing activity of demineralized bone matrix
suggested the possibility of 'using it to treat large bony defects caused by trauma, surgical
resection, or. periodontal disease and led to a search for macromolecules possessing bone-
inducing activity. The purification of BMPs from bone matrix is rather cumbersome and difficult
(2), but high-grade purified BMP was obtained in 1988 when Wozney et al. cloned and expressed
human full-length BMP ¢DNA in a eukaroytic cell vector (3).

Several laboratories have cloned and expressed BMP in mammalian cells (4,5). The
reports have indicated, however, that considerable expense, time and effort are required to purify
the recombinant protein due to a relatively low efficiency of production of BMP in eukaroytic
cells(6). Thus, one of the difficulties of studying the biological activities of BMP in basic research
and therapeutic application is the deficiency of pure BMP.

To research the possibility of engineering Escherichia coli to produce biologically active
BMP,‘WC decided to clone the cDNA of the mature region of hBMP-4 alone instead of its full-
length cDNA and to apply a denaturation-renaturation protocol to reconstitute the dimer in vitro
as a novel approach to the production of bioactive BMP from E.coli. As a first step toward this
goal, we report here in the method and strategy for cloning the cDNA of the mature region of
hBMP-4 into a E.coli vector by PCR. This study will aid in meeting the basic requirement for

researching the biological activity of this protein from Escherichia coli.



MATERIALS AND METHODS

Culture of human osteogenetic sarcoma cells and RNA preparation

Cells of a human osteogenetic sarcoma cell line (OS-732) were cultured in RPMI 1640
medium (GIBCO, Grand Island, NY, USA) containing 10% heat-inactivated fetal calf serum
(FCS GIBCO) and 10 mM HEPES, and incubated at 37°C. After a monolayer had formed, the
cells were washed irn situ with cold PBS and lysed in lyéis buffer (0.5% Nonidet P-40, 0.14M
NaCl, 1.5 mM MgCl,, 10 mM Tris-HCI, 1 mM dithiothreitol, and 100 units/ml placental RNAse
inhibitor). After digestion with 50pg/ml proteinase K and extraction with phenol/chlqroform, the
RNA was precipitated by ethanol. The RNA concentration and purity were calculated by

absorption at 260 and 280 nm. One pl RNA was subjected to reverse transcription.

cDNA synthesis

cDNA from total RNA of human osteogenetic sarcoma cell was synthesized by AMV
reverse transcriptase with oligo(dT)12-18 as a primer. Briefly, 1 ug of total RNA from Ahuman
osteogenetic sarcoma was added to the reverse transcription reaction buffer to make a final
volume of 20 ul (50 mM Tris-HCI, pH 8.3; 50 mM KCIl, 10 mM concentration of each of DTP,
10 pM of oligo(dT) 12-18, 20 units of AMV reverse transcriptase), and the mixture was

incubated at 37°C for 45 minutes. A 5-ul volume of the reaction mixture was subjected to the

PCR.

Primer Synthesis

A pair of primers flanking the mature region of hBMP-4 was designed and synthesized
according to the cDNA sequence of human BMP-4 (GenBank, Los Alamos National Laboratory,
Los Alamos, NM.). An additional sequence ATAG for quarantining the restriction enzyme
recognition ; the restriction enzyme EcoRI recognition sequence GAATTC ; and a starting codon,
ATG, were added to the upstream of the 5-primer codon sequence (Fig. 1), S™-primer sequence
(P1) : 5~ATAGGAATTCATGCCTAAGCATCACTCACAGC-3>. An additional sequence

TAAT, Hind III recognition sequence AAGCTT, and anti-stop codon TCA were added upstream
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of the 3*primer. Whose sequence was : 5S>TAATAAGCTTTCAGCAGCGGCACCCACATCC
CTCT-3".

Polymerase Chain Reaction (PCR)

The cDNA of hBMP-‘4 mature region from osteogenetic sarcoma cells was amplified
mediated by the primers. Ina 100-pl reaction, 5 ul of total cDNA was amplified in 10 mM Tris-
HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 0.001% gelatin, 200 mM concentration of each
dNTP, 50 pM concentration of each primer, and 2.5 units of Taq DNA polymerase (Primega,
Madison, WI,USA). The mixture was overlaid with 50 pl of mineral oil and subjected to 30
cycles of amplification in a thermal cycler (Program Temp Control System PC-700 ; ASTEC Co.,
Fukuoka, Japan), according to the following cycle parameters : denaturation for 60 sec. at 93°C,
reanealing for 30 sec. at 54°C and extension for 30 sec. at 72°C. A denaturation step of 60 sec at
93°C and an extension for 5 min. at 72°C were added at the initial and final cycle, respectively.
The PCR products were precipitated by ethanol and digested with restriction enzyme.

2 E TN
Preparation of plasmid '

Expression plasmid pKK'223.3 was chosen as the vector (Fig. 2). pKK223.3 DNA
isolation was carried out by the standard alkaline extraction method (7).

S ERLY
Digestion of DNA with EcoRI and Hind 111 restriction enzyme _

Twenty micrograms of plasmid DNA and PCR-products were digested respectively for 2
hr at 37°C with 40 units of restriction endonuclease Hind III in a 100-ul reaction volume
consisting of 100 mM NaCl, 10 mM Tris-HCl (pH 8.5), 5 mM MgClh, and 1 mM 2-
mercaptoethanol. About 5@1 of the digestion mixture was electrophoresed on a 1% agarose gel
to confirm the complete digestion of the plasmid DNA. The digested DNA was extracted with
phenol/chloroform, and then the aqueous phase was extracted twice with chloroform and
precipitated with ethanol. The pellet was washed with 70% ethanol and was dissolved in 20 ul of
TE buffer. The EcoRI reaction to cleave the DNA was performed for 3 hr at 37°C in a 100-ul

reaction volume comprising 100 mM NaCl, 50 mM Tris-HCI (pH 7.5), and 10 mM DTT. The
. .



DNA fragments were precipitated with ethanol and purified by electrophoresis on a low-melt

temperature agarose gel.

Gel purification of DNA fragment

The digested plasmid DNA and PCR-product DNA were eletrophoresed on 1% low-
melt temperature agarose gel at 4°C. The gel was stained with ethidium bromide (Sigma,
St.Louis, MO, USA). The desired DNA was identified and excised in the smallest possible
volume of agarose. The agarose containing the band was diluted 5 fold with Tris -HCI buffer and

liquified by heating to 65°C for 5 min. The DNA was isolated by phenol-chloroform extraction

and then concentrated by ethanol precipitation.

Ligation and transformation

DNA ligation was performed in a 20 pl reaction volume consisting of 1 unit of T4 DNA
ligase, 0.5 ug cDNA of BMP-4, and 1 ug plasmid DNA added to the ligation buffer to make final
concentrations of 50 mM Tris-HCl (pH 7.9), 10 mM MgCl, ,20 mM DTT, and 1 mM ATP , and
the mixture was incubated at 16°C for 4 hr. The ligatidn mixture was used to transfect E.coli
JM105 [supE endA sbcB15 hsdR4 rpsL thi/] (lac-proAB)] by the standard CaCl, procedure.
The transfected bacteria were spread on ampicillin-containing LB plates and incubated at 37°C

for 16 hr. The ampicillin-resistant colonies were selected and analyzed with restriction enzymes.

Assays of recombinant by restriction enzyme maps

Three kinds of restriction endonucleases, EcoR I, Hind III, and Sty I, were selected to
analyze the recombinants according to recombinant plasmid restriction enzyme map (Fig. 2)." The
plasmid DNA was prepared from the cloned bacteria by rapid lysis for minipreparation of DNA
by the alkaline extraction method. The method of EcoRI and Hind III digestion was performed
as above, and Sty I mediated cleavage of the DNA was done in 100 mM NaCl, 50 mM Tris-HCl
(pH 7.5), 10 mM MgCl,, and 1 mM DTT. Samples of plasmid DNA were digested respectively
with Hind III, EcoRI + Hind III, or Sty [. After digestion by the restriction enzymes, the DNA

was electrophoresed on an ethidium bromide-agarose gel.
-6-



RESULT
c¢DNA of human BMP-4 mature region amplified by PCR ‘

For amplifying the cDNA of the hBMP-4 mature region from human osteosarcoma cells,
we designed and synthesized a pair of pﬁmers that flanked the mature region (Fig 1). To ensure
cloning efficiency, restriction enzyme vEcoRI and Hind III recognition sequences were
incorporated into the primers. Because the sequence at terminal region is difficult to be
recognized by restriction enzymes, four basic pairs S~ATAG-3’ and 5>TAAT-3’ were added
upstream of the restriction enzyme recognition sequence. A starting codon and stop anti-codon
were designed in the primers for future research on for the expression of hBMP-4.. The PCR was
- performed on cDNA synthesized from the RNA of human osteogenetic sarcoma. The PCR
product with the desired length of 348 bp, corresponding to the C-terminal 116 amino acids of
the hBMP-4 mature region, was obtained (Fig. 3, line B). To confirm the nature of the PCR
product, we treated the product with Sty I, as there is a Sty I recognition sequence covering base
pairs 131 to 136 of the hBMP-4 mature region . Two fragments with length of about 130 bp and
210 bp were obtained, after the PCR product had been cleaved with the Sty I restriction enzyme
(Fig. 3, Line C). The résult of restriction enzyme analysis demonstrated that the 384-bp PCR
product is the specific cDNA of the hBMP-4 mature region.

“ 9 3 A

- Cloning cDNA of hBMP-4 mature region into plasmid vector

The plasmid pKK 223.2 was selected as the vector, and the cloning strategy was shown on Fig.
2. After the cDNA of the hBMP-4 mature region and pKK 223.3 were cleaved by EcoRI and
Hind III, the cDNA was ligated into pKK 223.3. Three kinds of restriction enzyme maps were
prepared to analyze the recombinants. The DNA cleavage by Hind III was used to detect the
length of recombinants. Hind III and EcoRI cooperative digestion detected the cDNA of the
hBMP-4 mature region insert. The restriction enzyme Sty I recognition sequence present in pKK
223.3 (1249) and hBMP-4 mature region (131) was ﬁsed to identify the specific cDNA of hBMP
mature resion to be inserted cDNA. Eight of 48 clones were identified to be recombined with
cDNA of the hHBMP-4 mature region by restriction enzyme analysis (Fig 4).

< Wlu th
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DISCUSSION

Progress in usiﬁg BMP to treat bone defect disease and in our understanding of bone
metabolism has been limited by lack of large amounts of purified, biologically active protein.
BMPs could be purified from demineralized bone (8), but only 40 ug of BMP could be obtained
from 40 kg of bovine bone power, indicating this approach to be rather cumbersome. The
purification of recombinant protein BMP from eukaroytic cells has been hampered by inefficient
expression in eukaroytic cells. The expression rate of BMP, which protein is related to the TGF
superfamily, was rather low compared with that of other proteins, unrelated to the TGF-$ family
proteins, produced by use of the same eukarotic vector (9). The inefficiency of expression is
probably due to the fact that biosynthesis of TGF-related proteins involves post-translational
modification, such as dimerization of polypeptides and processing of large precursors into their
mature form. | |

The method of expressing protein from a cloned gene in E. coli has proven invaluable in
the purification and functioned analysis of eukaroytic proteins (10,11). A high level of protein
expressed in E. coli often results in cytoplasmic granules that can separated from crude cell
lysates by centrifugation (12,13). But so far there have been no reports of BMP with bone-
inducing activity, produced by prokaryotic cells. For this reason we cloned the cDNA of the
hBMP-4 mature region into the prokaryotic E.coli.

Recently, the study of TGF-p-related protein biosynthesis has shown that the
polypeptides of the TGF-3 superfamily are synthesized as part of large secretory precursors. The
precursor polypeptide chains consist of a signal sequence, a proregion of several hundred amino
acids, and a highly conserved C-terminal region of approximately 100 amino acids. These protein
in C-terminal domain of the precursor are generally cleaved to form the mature bioactive dimers
(14). The association between the mature region and the proregion of TGF-f masks the
- biological activity of the mature dimers, resulting in the formation of an inactive latent form (15).
BMP-4 alone can induce bone formation without addition of related growth factors (16). Human
BMP-4 is a 33 kDa protein that is a glycosylated, disulfide-linked homodimer of the mature
region. The mature region of hBMP-4 comprises the COOH-terminal 116 amino acids of a 408-

amino acid precursor. Because accurate proteolytic processing to form the mature region from .
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the precursor is not feasible in E.coli, we chose to clone the cDNA of the mature region of
hBMP-4 instead of its full-leﬁgth cDNA into E.coli as a novel approach to obtain biologically
active BMP from E. coli.

BMP in osteosarcoma have been identified by immunhistochemical studies (17). BMP
immunostaining was restricted predominantly to the cytoplasm of malignant cells with a primitive
mesenchymal appearance. Particularly, the extraction of a protein fraction with bone
morphogenetic activity from human osteosalcoma implies that BMP might be secreted by
osteosarcoma cells (18). Thus we selected a human osteosarcoma cell line (OS-732) as a source
of hBMP-4 mRNA. For cloning the precise fragment of the hBMP-4 mature region into E. coli,
we took advantage of the speed and efficiency of the polymerase chain reaction. The PCR is the
method not only for directly amplifying minute quantities of genomic DNA from a complex
background, but also for amplifying specific cDNA molecules by reverse transcription of complex
mixtures of mRNA. The specific fragment amplified is determined by the primers used to anneal
to a part of the target sequence. We designed a pair of primers flanking the mature region of
hBMP-4. Cloning a blunt-ended of PCR product is often less efficient than that of the other
blunt-end DNA fragment (19). The inefficient cloning might result from the addition to the end
of PCR product of an A nucleotide by the intrinsic terminal transferase activity of Taq polymerase.
To avoid this problem , we introduced the restriction sites of EcoRI and Hind III at the 5’ end of
the oligonucleotide. Four additional nucleotides were added to ensure the efficient cleavage of
the PCR product by restriction enzymes. After the mature region of hBMP was amplified by the
PCR method, the specific product could be identified by restriction enzyme analysis. The human
BMP-4 recombinant was thus constructed by use of reverse transcriptase-polymerase chain
reaction technology. .

- The disulfide-linked dimer of BMP, which is related to the TGF-f superfamily, is
essential for the biological activity of bone formation as loss of induction activity occurs upon
reduction of the active dimer (20). But dimerization can not take place in the reducing
environment of E. coli. However, many proteins expressed in E.coli have been reconstructed in
vitro by reduction and reoxidation method to show biological activity (21). McNally et al

demonstrated that E.coli could express and assemble of individual component to polymer without
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the requifement of a specific eukarotic cell mechanism (22). Currently we are attempting to apply
denaturation-renaturation to reconstruct dimer in vitro to produce the bioactive BMP.

The authentic bioactive BMP is a glycosylated protein, but the carbohydrate moiety of
BMP is not necessary for the induction of bone formation, as euidenced by the fact that
deglycosylated BMP could induce bone formation in vivo (23). Presumably, BMP without
glycosylation from E.coli would have effective biological activity. Bioactive, non-glycosylated,
disulfid-linked BMP may thus be expected to be obtained from BMP produced by E. coli.

As an early stage of our study, we have completed the strategy for cloning the BMP-4
mature region and are now examing this recombinant for protein expression and for biological

activity achieved by the in vitro denaturation-renaturation approach.
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Figure Regends

Fig.1 Amino acid sequence of human bone morphogenetic protein-4 and the pair of
oligonucleotide primers used

Schematic diagram of domain structure of hBMP-4.

Signal peptide, pro-region, and mature region are shown. Two oligonucleotide primers for PCR

were synthesized.

Fig.2 Strategy for cloning of hBMP-4 mature region cDNA into pkk223.3

hBMP mature region cDNA was amplified by PCR after reverse transcription of OS-732
cell mRNA. Two gene-specific primers containing the restriction sites were used. After cutting
the PCR product and the vector with EcoRI and Hind III restriction enzymes, ligation of the

molecules was carried out to obtain the recombinant vector pkk223.3-BMP.

Fig.3 Agarose gel (2.5%) electrophoresis of PCR products and PCR products digested by
Sty I

Line A: DNA marker[POEM-7Zf(+)]

Line B: PCR products

Line C: PCR products cleaved by Styl

Fig.4 Restriction enzyme pattern of recombinant pKK?223.3-BMP
Line A: pkk223.3-BMP digested with HindIII [4900bp fragment]
Line B: pkk223.3-BMP digested with Styl [1300bp and 3500bp fragments]
Line C: pkk223.3-BMP digested with EcoRI +HindIII[340bp and 4500bp fragment
- Line E: pkk223.3-BMP plasmid DNA

Line D: DNA marker [ DNA / Hind IIT]

-13 -



pr0|-region mature region
P1:6 >y
- T B Pz p2:5

signal peptide

‘.?’99.9\'?{}.0'0' ) L
P1:5-ATAGGAATTCATGGCTAAGCCTAAGCATCACACAGC:S

&
s}
O

g

§ .

& =
Q . =
O, .
& <

b

3-TCTCCCTACACCCACGGCACTTTCGAATAAT-5"p2

Wik
% |



?AATT?CCGC‘LGGATCC GTCGAG CTGCACTCC{-\AG CTIl'

EcoRI BamH | Psti Hind 1l
Smal

Xma | Sall
Accl

Hinc 1

hBMP-4 Ti“

mRNA
Sph 1 (44
ATG
> - Sal 1(532)
. Accl
EcoRI Hind 111 Hinc Il
pKK223-3
RT-PCR
ATE TGA Sty 1 (1249)
j
/\ /\ pBR322

GAATTC AAGCTT
EcoRI Hind 111 Acc|(2127) / pBR322

Pvu il (1947) ori

EcoRI/Hind Ill digestion

Hinc I (68)

Hinc 1i

Sty 1 (1249)

pBR322

Acc1(2127) l pBR322
Pvu Il (1947) ori

M Hok
Iz T










HAa<BEA MBI I S
1996 <= BE H b BEE 2215 J7 B B) R ER G5 FH
—EETEAPRETRB R -

/997 % 3 B vre H
MEBABEA BHREZH
B #H E BB 2 B

=
1. IRERS A [ '
wocm AR FE T A FHE monmun AFSEH  wme 3 K
7t mTlol FERANEEWBHAL 83  miEo3-329-873 W
I. & % © W % B '
"85, 9 — 1988.7 PR F-BEAT A FHLI5 23T, #5714l BRINTE o0 BT
1788.9 — 19927 FELbBEIERE B I€a TR JbR e kg S04 R
/990.9 — ,993.7 ‘j’/:];F"}F/if:}’ff ]{ﬁt,%;, ocxa"z.ﬂfﬁfff]gﬁh
M. i@ % o B % % &
A ] uzﬁ%‘s‘é\ 2R Bl «FEB b g B F, «k EF TS
BFEIE 2ofrT, SEEY, E-BYEIEF et ER v Bk Bt
AEFFL T, v BIK L;;u/ / S
«R 5 57”7‘ E A5 sHELELE 19938, VI BFALT L vedt),
N. FEEOTEEM

) % ﬁﬁ%”‘%k%bi‘twﬂiﬁﬁﬁ (254 - WE)
(D 31-9/ ﬁm ﬂm’ﬁc Graecfrve Tossue. Soerefoes gigmpar/”m ( 1P96.44.30 ~y2. &, fanars, (£.3. A

| Cluacticictic of Pteegfonss i Lalosc Hian of Himsn Aleolse o

() PARBCRELLERY ® - B (E®A - BXEH)
Journal of Hard _Tissue Biologly . S5¢31:078 -/37, <934,

"('/argcéea'zé aF 74 M@Zéﬂﬂ’”' @ém/\n/ /’JM on 2pd Derrpon ,&/ﬁaz&
n_the /ireral and Satrix  [Yares of Rl Gpne

V. SBEOMRHERUFE
/\’q' iﬂjﬂ’\ /Aw] J\ Y2, EP’”’EL%%(.P/‘O'&'QQ\?\C»CM: n_Bone) ¥ lf/’%(j '
?‘/,7 <3 2 a‘ ‘




VI % 8 % (BB, REEBTEVTTEN. 2, 00FBETRRLTTEN, )
ff'i%éﬂ.- G R o (RINABBAY R | o o2 AR 72 BB BR T ATA S ho 0 {12 o T
H: Bo3RIuABFI0 2] Yy 2248 D 2of Ol FIMEE BRI BFRIY IS (c5-PaI & B[S |- 3

:L ﬂ‘é‘#%’L CS—P&fﬁﬁUMJW J?'/'L/(&A&)@éj wji, 7%7]72@?»-2 Western
AWﬁwpw&Z@ﬁ\é z,

5 2 ARSI o o R f o R B ERE, Fo T udR gt 2y S5 A G50
s Boshbhit, 552 > EOTA, 70 = 5 E ML z#7 6‘0//&'99 (T ol Chem,_+938) 2T 5% /—7#—
Lz, cs—/’ﬁw%’#“ﬁ%/l? ErtA gt vie002] 557 1 e 2t 2 2P s B i b
AgEhoti B o i 28 il wTLIE, ok R ime xRS AU A BT fva“ﬂﬁ’i‘ﬂ/ﬁ
485 v71) 4 & 5% B FIAHE £/ s0- //b#m/fm 2B P UL LB pastorn J/éfo?/—,ca;,ﬁxﬂ,
M=z} Pf?"‘« 4- fbﬁ;\@ﬁ (C4’5)qjﬁ;glcf chondroitinase ¢Ch) ACK: ﬂ,fbff )55‘?1/7//4‘/"[ Z.
Q7% 77«1@2‘% (D3RR it cAs H It 285t F k2. @72 PfS .48 88 5-5)2
FEERIZ, chase et 3537%7#/—'6»2 £ 2 ® 7o[ oty §8 (Co-5) B 5812, onnsc B 185
:ﬂ#h&&ﬁ\/

R vER, c1e o BB TR F5npEm, ps X c6-5 " I< B gAh 3, pIEES PG
/% 45~ kDo, C6-53 53" PG /X 45 -kDa y 200-kDa & 2P 951\°) HEKLz07 -5 2|
o SRIEEDS, CESnlEn C2-8 , CO-SEtEFHATRY, DS FLV'CE£-v % to PG R £5-KD,
CO-8 30" Co5 & £ PG/ 200~ fDa @_‘7’/75?«/1”7@ FHRLzv ., 2L, FHCe cs/Ds -
PG 1z 3T 5n 82" r20-200- wm.,&alé’?/— Shcvt 48, 2 Y IAFA 20 120~ 18- 1Dy
o Ay 2 AT R f7/z7’§$ AV g} ) I 2HD C3DS= PGo PP e T
E‘E o) sz%/BJ/Ut‘cﬁm jik Bov /-ﬁh%wzﬁif_ Eav2 By 5-/-73/:/577‘@- Ly EER
5?ffﬁ62u- 'XfTLZw%Zih#ﬂé

VI. BEBEOER

$ANS 24052 3F 2 BB, cofl )i b BEE EH T 12T

SHE L FEB LAl P L BIEDETFI A AR b o R )2 AT 4 '/
2907 5 FAE 3 ET 3 L AT S 4 B,

5 B8 0 B S BE 236 t FE A L, L) F L2 v 3250°3
N8 Z R AF T ABTLIET0 - SN 15 92T,

A e 2w TEEFT M E L KEA T 4/%7;;@1 2.8 %%t BAE
1“ Ir*nzi;x?}' i, 23737, ?’5#’75 12 RT3 w28, /‘#f%

% 7% f;’;ﬂ);f@é sHA[R T4 3 2 Mk » A,




MEBEH : v FBEOIXRFIIVHEB LUV N vy 7 X O3y Fa/F UriEBESE ToTr
ATV A OEBIZONT

a B BOIXSIMEBLOT MYy 7ROy FaAF Y HEREFETur4 7Y
BV (CS-PEYA B 4 I Hh i - BAMB L, CS-PCEMT A7) a43 /7Y 5 v GAOHS
G738 BOHFEDEN ¥ vestern blottingic k » THRNRBZ Z &, ‘
b;] EiHMBIE YYFORROEBFORABTMEA VWL, BOIXINEE LU
FY w7 ZXBHOSOBEI VYRV BEORMMBIZ, F77=U v, EDTA, V7=V VAIERAWT
7 5 Goldberg (J. Biol.Chen., 1988)D F R IC# U THT » /2o CS-PCOMARBIE, B A+
VERBASTLIO NI T 4 Ko TiT ol AT VNI BIIEETHCACHDOES
OB, UTIKETLIIE, BEENHTISBERLIT I VAV BELOUK SR
ﬁiiﬁUJﬂJ D #2BHTIEEE/ 70— FIVREOHSEDHEIT L Bwestern blofting&:
KoTHENE, QayFoA4F V4-FHBR(C4-S)D R L. chondroitinase(Ch) ACI 744k
%, BOHLKIC L 5T, OF N VB (DS)DOREZE I, Ch Bk, 2B6Hikic & - T,
@I Y KO F 6B (CE-S)DRER IE. Ch ABCH L. 3B IC L -T, @3
FD/I’?-‘/%E(CO-S)OJF%%(:;\ Ch ABC#HE{b#. 1BSHLMKIC &k » TH N7,
REPXUEE : GACHOBEETE, IXSIVMEICIE, DSECE-SHBLEEFhTHD, DS%E
b DPGI45-kDa, C6-S& & £ PGIZ45-kDak 200-kDaD T 7 & VS 2 HAH L Tlrdee —F,
< MY v 7 XM IEDS, C6-SOIEMNCL-S, CO-SL A TN TH D, DSH & KCL-S% b DPGIE
45-kDa, C6-S¥ & CFCOSA & DPCIX200-kDaD I 7 & YN/ EAH LTWhice &, KBk
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Abstract : Rabbit long bone proteoglycans (PGs) were extracted with guanidine-HCI (GdnCl),
EDTA and then with GdnCl to demonstrate their localization. The PGs in the EDTA extract (E-
extract) and second GdnCl extract (G2-extract) were concentrated on an anion-exchange column,
and their characteristics were determined by Western blot analysis after electrophoresis.
Chondroitin 4-sulfate (C4S), chondroitin 6-sulfate (C6S), chondroitin (C0S) and dermatan sulfate
(DS) were identified by three monoclonal antibodies (2B6, 3B3 and 1B5) after chondroitinase ABC,
B or AC II digestion. These antibodies recognized C4S, C6S, C0S and DS stubs remaining on the
core profeins of the PGs after enzyme digestion. The DS- and/or C6S-containing PGs were
identified both in the E- and G2-extracts; the molecular masses of the core proteins of DS-PGs were
approximately 45 kDa in both extracts, whereas two bands of the digested C6S-PGs (approximately
45 and 200 kDa) were present in the E-extract and only one C6S-PG band (approximately 200 kDa)
was observed in the G2-extract. On the other hand, C4S- and C0S-PGs were identified only in the
G2-extract; the molecular mass of the digested C4S-PG was approximately 45 kDa, and that of the
digested C0S-PGs was approximately 200 kDa.

Key words : rabbit, bone proteoglycan, glycosaminoglycan, chondroitin sulfate, dermatan sulfate,
mineral and matrix phases '

Introduction In previous studies, prominent mineral-binding

PGs have been isolated from the bones of several

During osteogenesis, some proteoglycans (PGs) animal species, such as the bovine®®, porcine®, and
have the potential to act as a kind of initiating ¢ groups™ and humans'®1?, gince the presence of
factor for calcification, or may regulate the  pGg was first established in the bovine bone by
formation and growth of mineral crystals'. Herring'? The major PGs associated with the.
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mineralized matrix of bovine bone are two small
glycoconjugates (molecular mass 80-120 kDa)
containing one or two chondroitin sulfate (CS)
chains®. These two PGs have core proteins of
similar molecular mass (45 kDa), with clear
differences in their NH2-terminal sequences, and
one or two CS chains (40 kDa each), the nature of
which have not been determined”. In addition, a
large proteoglycan (approximately 1,000 kDa) has
been isolated from newly-forming bovine bone
located in the soft connective tissue between
growing trabeculae, but not within the mineralized
matrix®.

With regard to PGs containing the CS chains in
rabbit bone, although the glycosaminoglycan and
amino acid compositions of a core protein have been
determined'?, the relationship between the types of
CS chain and the core proteins with which they are
associated have not been determined so far.

In the present study, we have isolated PGs
containing CS chains from the mineralized and
demineralized bone matrix of rabbit midshaft
subperiosteal bone, and partially purified them
using anion exchange column chromatography. The
characteristics of the extracted PGs were
determined by gel electrophoresis and Western
blotting, using a combination of three monoclonal
antibodies (MAbs) and different types of
chondroitinase digestion.

Materials and Methods

Bone protein extraction

Fresh midshaft subperiosteal bones were
obtained from rabbit femora, tibiae and humeri.
Bone blocks were prepared and cleared of adherent
soft connective tissue, and were carefully dissected
into small pieces with bone-cutting forceps. Rabbit
bone proteins were extracted by a modification of
the method®'» described by Termine et al'V. All
extraction steps were carried out at 4 °C. The bone
fragments (total weight 10 g) were rinsed in PBS
containing protease inhibitor (PI), (0.1 M 6-
aminohexanoic acid, 5 mM benzamidine
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hydrochloride and 1 mM phenylmethylsulfonyl
fluoride), pH 7.3. The ratio of tissue weight to
extractant volume was 1 g : 200 ml for each
extraction. In order to remove organic materials
bound to the non-mineralized phase of the bones,
they were immersed in 4.0 M guanidine-HCl
(GdnCl) in 50 mM Tris-HCI containing PI (pH 7.4)
with constant stirring for 8 days, with the solution
changed every 2 days. The solution was centrifuged
and the supernatant was recovered (Gl-extract).
The residues were subsequently rinsed with PBS-PI
and then extracted with 0.4 M EDTA in 50 mM Tris-
HC] containing PI (pH 7.4). The supernatant,
which included mineral-binding proteins from the
mineral phase, was recovered after centrifugation
(E-extract).
residues were rinsed with PBS-PI and then re-
extracted with 4.0 M GdnCl in 50 mM Tris-HC1
containing PI (pH 7.4) in the same manner. The

The demineralized collagenous

supernatant was recovered after centrifugation
(G2-extract). Each extract was concentrated up to
100-fold by ultrafiltration on PM-10 Diaflo
membrane filter (Amicon, Danvers, MA, USA) and
then dialyzed exhaustively against 0.1 M
ammonium bicarbonate containing 0.005% Brij
(Sigma; St Louis, MO, USA); the dialyzed materials
were freeze-dried for use as the G1-, E- and G2-
extracts of rabbit bone.

Enzyme digestion

The lyophilized samples (10 mg each) from the
above extracts were separately digested with the
following enzymes: 10 mU of protease-free
chondroitinase ABC'®, 20 mU of chondroitinase B'®
or 100 mU of chondroitinase AC II'” (Seikagaku
Corp., Tokyo, Japan). In each case the appropriate
buffer described was used at a final volume of 20 ml.
Enzyme digestion was performed at 37°C for 60 min
except for chondroitinase B, which was digested at
30°C, and the reaction was terminated by freezing
at -70°C. Samples with or without each enzyme
digestion were freeze-dried, and subjected to
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE).
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Table 1. Conditions for use of the monoclonal antibodies for immunoblotting of rabbit bone

enzymes used before antibody second antibodies specifically
immunostaining designation identified
and class GAG types
Condroitinase ABC 2B6, 1gG1 biotin-F(ab')2 fragment C4S/DS
goat anti-mouse IgG(H+L)
Condroitinase ACII 2B6, IgG1 biotin-F(ab')2 fragment C48
goat anti-mouse IgG(H+L)
Condroitinase B 2B6, I[gG1 biotin-F(ab')2 fragment DS
goat anti-mouse IgG(H+L)
Condroitinase ABC 3B3, IgM biotin-F(ab')2 fragment C6S /COS
goat anti-mouse IgM
Condroitinase ABC 1B5, IgG1 biotin-F(ab')2 fragment COS
goat anti-mouse IgG(H+L)
SDS-PAGE Western blotting

SDS-PAGE was carried out using a 5-20%
gradient cross-linked polyacrylamide gel with a
discontinuous Tris-glycine system previously
described by Laemmli'®. The freeze-dried samples
were dissolved in 10 ml of sample buffer containing
2% SDS, 2.0 M urea and bromophenol blue marker
to which dithiothreitol 15 mg/ml (w/v) was added.
Subsequently, they were heated at 95°C for 5 min.
A 6-cm minislab system (Mighty Small IT; Hoefer
Scientific Instruments, San Francisco, CA, USA)
was used to make gradient polyacrylamide gels
with a thickness of 0.75 mm. Electrophoresis was
carried out at 150 V for 60 min. After
eléctrophoresis, the gels were stained with 0.025%
(w/v) silver nitrate'. The gels were washed three
times with 25% (v/v) isopropyl alcohol for 60 min
each and stained with 0.0025% (w/v) Stains-alE®.
The Stains-all solution was freshly made prior to
use as follows: 30 mM Tris, pH 8.8, containing 7.5%
(v/v) formamide and 25% (v/v) isopropyl alcohol,
with the volume made up to 100 ml to which was
added 2.5 mg of Stains-all in the dark, with stirring.
The Stains-all staining was performed overnight at
22°C with gently shaking.
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The characteristics, specificity, and designation
of the MAbs used, as well as the protocols, are listed
in Table 1. MAbs 2B6, 3B3 and 1B5*" were
obtained from Seikagaku Corp. Immunoreaction of
these MAbs relies on prior enzyme digestion of
specimens with either chondroitinase ABC, B or AC
II. These MAbs recognize the oligosaccharide stubs
which remain on the PG core proteins after each
enzymatic digestion.

Immunotransfer analysis was performed using
Horizon Blot (ATTO, Tokyo, Japan) with 39 mM
glycine and 48 mM Tris in a 20% (v/v) methanol
solution (continuous buffer system) at a constant
current of 1.5 mA per cm?of the gel for 90 min. At
the completion of the transfer, the excess protein
binding sites on the transfer membrane (Immobilon
PVDF Transfer Membrane; Millipore, Bedford, MA,
USA) were blocked with a blocking reagent (Block
Ace; Snow Brand Milk Products, Tokyo, Japan) for
18 h at 4°C. The sheet was then washed three times
with 10 mM Tris-145 mM NaCl (TBS) containing
0.05% Tween 20 (TBS-Tween), pH 7.4, and
incubated for 60 min at 22°C with MADb 2B6, 1B5 or
3B3 diluted 1:100 in 10% (v/v) Block Ace. The sheet
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" was washed three times with TBS-Tween and
incubated for 60 min at 22°C with biotin-conjugated
second antibodies (Zymed Laboratories, San
Francisco, CA, USA) as listed in Table 1; the
antibodies were diluted 1:200 in 10% Block Ace
prior to use. The sheets were then washed three
further times in TBS-Tween and once in PBS, and
then incubated for 30 min at 22°C with horseradish
peroxidase-conjugated streptavidin (Gibco BRL Life
Technologies, Grand Island, NY, USA) diluted to 15
ml/ml with PBS. The sheets were immersed three
more times in TBS-Tween and once in TBS, and
then incubated in 0.06% 4-chloro-1-naphthol in
methanol 0.04% H202 in TBS, pH 7.5, for 5-30 min
at room temperature.

Anion-exchange column chromatography of E- and
G2-extracts

Approximately 500 mg of the freeze-dried E- and
G2-extracts were separately dissolved 1.0 ml of 7.0
M urea in 50 mM Tris-HC] buffer (pH 7.4), and
filtered with a column guard (mesh size: 0.45 um,
Millipore, Bedford, MA, USA). Each filtered
solution was applied to an analytical column (4.6
mm x 10 mm; PerSeptive Biosystems, Cambridge,
MA, USA) filled with Poros 20 HQ resin (PerSeptive
Biosystems). The column was equilibrated with the
above urea-containing buffer, and eluted with a
linear gradient of NaCl (0-2.0 M) in the same buffer
at a flow rate of 1.0 ml/min using high-performance
liquid chromatography (Pharmacia LKB Biotech,
Uppsala, Sweden). The eluant was collected in 1.0

ml fractions and protein concentrations were

measured using values of absorbance at 230 nm.
Each fraction was desalted using a PD-10 column
(Pharmacia Biotech) and freeze-dried to determine
the levels of PG in the fraction using Western
blotting. Enzyme-linked Immunosorbent Assays
(ELISA)

Aliquots (10 pl) from each fraction eluted from
Poros 20 HQ column were placed in each well of a
‘flat-bottomed microtiter plate (Becton Dickinson
Labware, Oxnard, CA, USA), and mixed with 100
ml of Voller buffer (35 mM NaHCO3, 15 mM
Na2CO03, 3 mM NaN3, pH 9.6). The plates were left
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for at least 48 h at 4°C to coat the wells with PGs
eluted in the fractions. The coated plates were then
washed three times with PBS containing 0.05% (v/
v) Tween-20 (PBS-Tween), and then once with 0.1
M Tris-HCI buffer, pH 8.0. The PGs were digested
with chondroitinase ABC (1 mU/well) for 1 h at
37°C. They were then washed three more times
with PBS-Tween, and the microtiter wells were
then blocked using Block Ace at 22°C for 60 min.
The plates were washed three more times with
PBS-Tween prior to immunoassay, and incubated
with 2B6 antibody diluted 1 : 500 in 10% Block Ace
at 22°C for 60 min. After the wells had been washed
three more times with PBS-Tween, the second
antibody, diluted 1 : 500 in 10% Block Ace, was
added to each well, and then incubated for 60 min at
22°C. Unbound antibody was rinsed out by washing
three times with PBS-Tween, and horseradish
peroxidase-conjugated streptavidin, diluted to 7.5
ml/ml with PBS, was added to each well. The plates
were incubated for 30 min at 22°C. Unbound
streptavidine was washed out by rising five times
with PBS-Tween, and then once more with PBS.
The enzyme activity bound to the antibody was
measured using o-phenylenediamine solution as a
substrate (10 mg o -phenylenediamine dissolved in
100 ml of 1 % methanol, and 10 ul H202 added prior
to use).
following 5-20 min of enzyme reaction, the reaction
was terminated adding 25 ul H2SO4, and the color
intensity was measured at 492 nm on a

After appropriate color development

spectrophotometer (Titertek Multiskan Plus; Flow
Laboratories, McLean, VA, USA).

Results

Stains-all staining and antibody reaction of each
extract

Aliquots of the G1-, E- and G2-extracts were
electrophoresed on 5-20% gradient minislab gels
and stained with Stains-all. As shown in Fig. 1a,
several blue-stained bands appeared for the E-
extract, while the other two extracts stained pink
except for a few blue-stained bands with the G2-
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Fig. 1. SDS-PAGE and Western blotting of rabbit
bone extracts. (a) Stains-all staining of the G1-, E-
and G2-extracts of rabbit bone; (b) Western blotting
of those extracts by 2B6 antibody after
chondroitinase ABC digestion.

extract.

On Western blotting, the PGs digested with
chondroitinase ABC gave 2B6-reactive bands,
indicating C4S/DS stubs on PG core proteins,
corresponding to molecular masses of
approximately 200 and 45 kDa in the E- and G2-
extracts, and approximately 200 kDa in the G1-
extract, as shown in Fig. 1b.

Partial purification of CS-PGs in E-extract

The proteins in the E-extract were separated
using a Poros 20 HQ column under denaturing
conditions. The elution profile is shown in Fig. 2.
To determine CS-PGs in all the fractions eluted

Bone proteoglycans containing chondroitin and dermatan sulfates
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Fig. 2. Poros 20 HQ column chromatogram of the E-
extract and ELISA using 2B6 antibody of the
eluates. The protein concentrations were monitored
using absorbance at 230 nm. The eluents containing
C4S/DS-PGs were determined by ELISA using 2B6
antibody after chondroitinase ABC digestion. The
assay was performed using 96-microplates and the
results were read at 492 nm.

from the Poros 20 HQ column, aliquots of each
fraction were added to the wells of the microtiter
plate. After chondroitinase ABC digestion, the PGs
in each well were analyzed by ELISA using 2B6
antibody. 2B6-reactive PGs in the E-extract were
identified in fraction nos 38 to 45, which eluted with
0.8-0.9 M NaCl coinciding with the third peak of the
protein profile.
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Fig. 3. Stains-all and silver staining of fraction nos 38 to 42 of Fig. 2. (a) Stains-all staining; (b) silver staining;
lanes U, undigested; lanes D, chondroitinase ABC-digested.

182



J. Hard Tissue Biol. , 5(3):178-187, 1996

kDa
206—¢
117—1%
84—
47—}

349—
287—

205—

-y I 1

3839404142 3839 40 41 42

£ 2

38 39 4041 42

| X

ad

S

d

b C

Fig. 4. Western blotting of fraction nos. 38 to 42 of Fig. 2. (a) Reactivity of 2B6 antibody against PGs digested
with chondroitinase ABC; (b) reactivity of 2B6 antibody against PGs digested with chondroitinase B; (¢)
reactivity of 3B3 antibody against PGs digested with chondroitinase ABC.

1) Stains-all and silver staining

Aliquots of fraction noes. 38 to 42 and those
digested with chondroitinase ABC were separated
by SDS-PAGE, and proteins stained with Stains-all
and silver (Fig. 3).

The broad Stains-all stained band between 120
and 200 kDa in fractions nos. 38 to 42 disappeared
after chondroitinase ABC digestion (lanes U and D
in Fig. 3a), and intact CS/DS-containing PGs were
stained blue with Stains-all. After the PGs had
been digested with chondroitinase ABC, a band
appeared at approximately 45 kDa with silver
staining after digestion, which could be core
proteins of CS/DS-PGs (lane D in Fig. 3b).

2) Antibody reaction

Aliquots of fraction nos. 38 to 42 were
electrophoresed after chondroitinase ABC, B or AC
IT digestion, and transferred onto the membranes
for immunoblotting with 2B6, 3B3 or 1B5 antibody.
After PGs had been digested with chondroitinase
ABC and B, the 2B6-reactive bands were identified
at approximately 45 kDa in fraction nos. 39 to 42,
and several bands appeared in the 45 to 50 kDa
region in fraction nos. 39 to 41, as shown in Figs. 4a
and 4b, respectively. On the other hand, the 3B3-
reactive bands of PGs digested with chondroitinase
ABC were identified at approximately 45 kDa in
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fraction nos 39 to 41 and approximately 200 kDa in
fraction nos 40 to 42, as shown in Fig. 4c. However,
2B6- and 1B5-reactive bands against PGs digested
with chondroitinase AC II and chondroitinase ABC
were not detected in all fractions.

Partial purification of CS-PGs in G2-extract
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fraction No.
Fig. 5. Poros 20 HQ column chromatogram of the G2-
extract and ELISA using 2B6 antibody. Protein
concentrations and ELISA using 2B6 were carried
out as described in Fig. 2
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Fig. 6. Stains-all and silver staining of fraction nos. 39 to 47 of Fig. 5. (a) Stains-all staining; (b) silver
staining; lanes U, undigested; lanes D, chondroitinase ABC-digested.
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Fig. 7. Western blotting of PGs in fraction nos 39 to 47 of Fig. 5. (a) 2B6 reactivity after chondroitinase ABC
digestion; (b) 1B5 reactivity after chondroitinase ABC digestion; (¢) 3B3 reactivity after chondroitinase ABC
digestion; (d) 2B6 reactivity after chondroitinase B digestion; (e¢) 2B6 reactivity after chondroitinase AC II

digestion.

Proteins in the G2-extract were separated using
a Poros 20 HQ column under denaturing conditions.
The protein elution profile was similar to those of
the E-extract, as shown in Fig. 5. PGs were
digested with chondroitinase ABC, and analyzed by
ELISA using 2B6 antibody, for the E-extract. The
2B6-reactive PGs in the G2-extract were identified
in fraction nos 38 to 45 eluted with 0.8-0.9 M NaCl,
which were quite broad fractions compared with the
profile of the PGs in the E-extract.

1) Stains-all and silver staining

Aliquots of fraction nos 39 to 47 and those
digested with chondroitinase ABC were
electrophoresed and stained with Stains-all and
silver (Fig. 6).The Stains-all stained broad bands
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between 140 and 180 kDa in fraction nos 41 and 43
disappeared after chondroitinase ABC digestion,
indicating intact CS-containing PGs stained blue
with Stains-all (Fig. 6a). After the PGs were
digested with chondroitinase ABC, a band of
approximately 45 kDa appeared with silver
staining, indicating it could be core proteins of CS-
PGs (lanes 41 D and 43 D in Fig. 6b).

2) Antibody reaction

Aliquots of fraction nos. 39 to 47 were
electrophoresed after chondroitinase ABC, B or AC
IT digestion, and transferred onto the membranes
for immunobloting with 2B6, 1B5 or 3B3 antibodies.
2B6-reactive bands,
chondroitinase ABC, were identified at

after digestion with
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approximately 45 kDa in fraction nos 41 and 43, as
shown in Fig. 7a. 1B5-reactive bands were
identified at approximately 200 after
chondroitinase ABC digestion, indicating core
proteins of COS-PG, in fraction nos 41 and 43, as
shown in Fig. 7b. 3B3-reactive bands, against PGs
digested with chondroitinase ABC, indicating core
proteins of C6S/C0S-PG, were identified at
approximately 200 and 180 kDa in fraction nos. 41,
43 and 45, as shown in Fig. 7c. On the other hand,
2B6-reactive bands after chondroitinase B and AC
II digestion, indicating respectively core proteins of
DS and C4S-PGs, were identified at approximately
45 kDa in fraction nos. 41, and 43, and at
approximately 45 kDa in fraction No. 41, as shown
in Figs. 7d and 7e, respectively.

Discussion

Previous biochemical and analytical studies have
identified several types of glycosaminoglycan (GAG)
chains in rabbit bone proteoglycans>!"’. However,
the types of GAG could not be confirmed because the
immunological techniques employed have yet to be
fully developed. This study demonstrates the
different types of GAG associated with PGs in the
mineral and matrix phases of rabbit subperiosteal
bone, using three MAbs, 2B6, 3B3 and 1B5, which
are specific for the recognition of C4S and DS, C6S
and COS, and COS chains on core proteins of PGs
after certain enzyme digestions, respectively.

Although a procedure for the sequential
extraction of bone proteins, involving the use of 4.0
M GdnCl followed by 0.4 M EDTA with 4.0 M
GdnC}, has frequently been used to isolate mineral-

Table 2. Differences the GAG chains between E- and
G2-extracts

Extract
mineral-binding PG DS, C6S,
G2-extract

matrix-binding PG DS, C6S, C4S, COS,
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binding proteins®*!" all solubilized materials
present in both the mineral and matrix phases are
extracted at the same time by this method. In the
present study, therefore, a three-step extraction
procedure®'® was used which was performed with
4.0 M GdnCl (Gl-extract), and then 0.4 M EDTA
without GdnCl (E-extract), followed by 4.0 M GdnCl
(G2-extract), to separate the mineral- and matrix-
binding proteins.

By utilizing the former, two-step method, it has
been reported that prominent mineral-binding PGs,
isolated from several animal species, are a small PG
family which appear to consist of two types of PG
with 45 kDa core proteins; one has two GAG chains
(120 kDa; PG I) and the other has one GAG chain (80
kDa; PG IIP*. On the other hand, Goldberg et al.'®
using the three-step protocol demonstrated that at
least two types of small CS-PG were present in the
mineral phase of fetal porcine calvaria; one class of
PG (120 kDa) has a core protein (45 kDa)
homologous to the I-iduronic acid-rich
proteodermatan sulfate, and the other PG (110 kDa)
possessed two other classes of CS chain. Takagi et
al.”® also demonstrated PGs containing C4S and/or
DS, having core proteins with a molecular mass of 45
kDa, in the mineral and matrix phases of rat
midshaft subperiosteal bone using the three-step
method.

In the present study, we showed that in the E- and
G2-extracts of rabbit bone, there were four and two
broad 120-200 kDa bands, respectively, which
appeared to be intact CS-PGs. On Western blot

Table 3. Molecular masses of core proteins of CS-
PGs

Mineral-binding PGs Matrix-binding PGs
DS-PG 45 KDa 45 KDa
C6S-PG 45 KDa

200 KDa 200 KDa
C4S-PG N.D. 45 KDa
CoS-PG N.D. 200 KDa

N.D. :not detected
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analysis, the intact CS-PG in the E-extract were
found to be predominantly DS- and C6S-PGs; C4S-
and CO0S-PGs were not detected. The molecular
masses of the core proteins of the DS- and C6S-PGs
were approximately 45 and 200 kDa, respectively,
after chondroitinase ABC digestion. The DS- and
C6S-PGs found in the E-extract may be different
from the mineral-binding PGs found in recent
biochemical studies of fetal porcine calvaris and rat
subperiosteal bone”® using the three-step extraction
technique; these studies demonstrated the presence
of C4S-PG in the E-extract. The present study also
demonstrated C4S- and/or DS- (mostly DS), COS and
C6S-PGs in the G2-extract; a major one is DS-PG
and others are C4S-, C6S- and C0S-PGs. The
molecular masses of the core proteins of these PGs
after chondroitinase ABC digestion are
approximately 45 kDa (DS- and C4S-PGs) and 200
kDa (C6S-and COS-PGs), respectively.

Takagi et al.” demonstrated immunocyto-
chemically that C4S and/or DS-PGs were present in
the wall of osteocyte lacunae and bone canaliculi in
the mineralized matrix, as well as in the un-
mineralized matrix, such as pre-bone (osteoid),
vascular canals and pericellular matrix surrounding
the osteocytes. Therefore, the observation of a
significant difference in molecular mass between the
two core proteins, 45 and 200 kDa, may indicate that
the former population corresponds to the small PGs
of bone not closely associated with the mineral
phase, such as pre-bone and the pericellular matrix
surrounding the osteocytes, and that the latter may
correspond to a high molecular mass PG found in
soft connective tissue.

In conclusion, the GAG chains and molecular
masses of the core proteins of CS/DS-PGs in the
mineral and matrix phases of rabbit bone are
summarized in Tables 2 and 3. We have shown that
the mineral-binding PGs contained mostly DS and
C6S chains on the core proteins of 45 and/or 200 kDa
but not C4S chains, which were different from the
results for CS chains of boviné® and porcine® bones
and C4S/DS chains of rat bone™®. On the other
hand, the matrix-binding PGs contained mostly DS,
C6S, C4S and COS chains. Moreover, we have
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identified the presence of small number of intact
mineral- and matrix-binding CS/DS-Pgs with
molecular masses of 120-200 and 140-180 kDa,
respectively. The differences in the distribution of
several CS-containing PGs in rabbit bone may be
important for the regulation of the bone matrix
assembly upon initiation of calcification and crystal
growth.
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Objectives: The effect of conditioning using 10 % phosphoric acid both in the Ca-
content on the dentine surface and in the efficacy of the dentin bonding system was

examined.

Methods: The Ca-content on the dentine surface was measured with an energy

dispersion electron microanalyser (EDS) mounted on a scanning electron microscope and

the residual Ca-content after conditioning was presented in per cent to that on the

unconditioned dentine. The efficacy of the dentine bonding system composed of a
-dentine primer of glyceryl methacrylate (GM) or a 2-hydroxyethyl methacrylate (2-
HEMA) solution and a commercial dentine bonding agent containing methacyrloxydecyl

dihydrogen phosphate was examined by measuring the wall-to-wall polymerization

contraction gap width of a commercially available light-activated resin composite

restored into the cylindrical dentine cavity in an extracted human tooth.

Results: The Ca-content in the dentine was rapidly reduced to 62.12 % of the
unconditioned dentine by the 10 % phosphoric acid conditioning even when the
conditioning time was as short as five seconds. Complete marginal adaptation was

obtained only in the positive control group in which the cavity was conditioned by the
0.5mol/L ethylenediaminetetraacetic acid (EDTA) for 60 sec and primed with the GM
solution. In addition, the contraction gap width increased in corporation with the
reduction of the Ca-content both in the GM and 2-HEMA priming groups.
Conclusion: The dentine conditioning using the 10 % solution should be avoided

clinically because the dentine cavity wall rapidly decalcifies and the resin composite paste
is apt to separate from the decalcified dentine cavity wall easily.
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Effect of decalcification of dentin on the efficacy of dentin adhesive
- Cleaning time with 10%H3PO4 solution v s contraction gap width of resin composite

in dentin cavity -
OJ.WU, T.YAMASHITA, K.ITOH, S.WAKUMOTO and H.HISAMITSU

(Showa University)
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Dose-Dependent Gastrointestinal Absorption of 5-Fluorouracil in Rats

in Vivo
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Dose-dependent gastrointestinal absorption of 5-fluorouracil (5-FU) was kinetically evaluated in rats in vivo
by analyzing gastrointestinal disposition after oral administration, where a linear model assuming first-order gastric
emptying followed by first-order intestinal absorption was fitted to remaining fraction versus time profiles for the
stomach and small intestine to estimate the rate constants of gastric emptying (k,) and intestinal absorption (k).
With an increase in dose from 1.5nmol/rat (low dose) to 15 umol/rat (high dose), the &, decreased from 5.95 to
0.55min""', suggesting the involvement of carrier-mediated transport. This study is the first to demonstrate the
dose-dependent gastrointestinal absorption of 5-FU in vivo, though it has long been suggested in situ and in vitro.
Meanwhile, at both the low and high doses, the k, values, which were unaffected by dose (0.069 and 0.082 min~!,
respectively, for the low and high doses), were smaller than the k, values by an order of magnitude or more and
the recovery of 5-FU was negligible, compared with that of inulin (a nonabsorbable marker), in the most distal
segment of ileum. These results suggest that, regardless of dose, 5-FU is highly absorbable in a gastric emptying-
limited manner. Thus, well-publicized bioavailability problems (low and erratic) of 5-FU may be attributable to

extensive and variable first-pass metabolism rather than poor and variable gastrointestinal absorption.

Key words intestinal absorption; S5-fluorouracil; dose dependency; rat; carrier-mediated transport; gastrointestinal

disposition analysis

5-Fluorouracil (5-FU) has been widely used in the
treatment of solid tumors, such as breast and" gastro-
intestinal cancers, and is clinically available in oral dosage
forms.” However, the bioavailability of orally admin-
istered 5-FU in humans is reportedly low and erratic
(0—74%).? Carrier-mediated transport, which can cause
dose-dependent variability in gastrointestinal absorption
(absorption rate constant and fraction absorbed), has long
been suggested to be involved in the intestinal absorption
of 5-FU and suspected to be at least in part a source of
the problems.?~!? However, this remains unconfirmed
with little information about 5-FU absorption in vivo.

In an effort to determine the sources of the bioavail-
ability problems of 5-FU, we kinetically evaluated the
dose-dependent gastrointestinal absorption of the drug in
rats in vivo by gastrointestinal disposition analysis.!¥

MATERIALS AND METHODS

Chemicals [*H]5-FU (555.0 GBq/mmol),- [*#CJinulin
(96.0 MBq/g) and Scintisol, a scintillation cocktail, were
purchased from Dupont-NEN Co. (Boston, MA, U.S.A.).
Soluene-350, a tissue solubilizer, was purchased from
Packard Instrument Co. Inc. (Meriden, CT, U.S.A)).
Unlabeled 5-FU (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) was commercially obtained. All other
reagents were of analytical grade and commercially
obtained. '

Dosing Solutions The dosing solutions, containing
0.01 (low dose) or 10 (high dose)mm 5-FU with a trace
amount (404kBq/0.728 nmol/ml) of [3H]5-FU and a
trace amount (33.7kBq/0.4mg/ml) of [**Clinulin, a
nonabsorbable marker, were prepared in saline (0.9%
NacCl solution).

Gastrointestinal Disposition Experiments Male Wistar

# To whom correspondence should be addressed.

rats, weighing about 300g and fasted overnight, were
given an oral dose of 1.5nmol/0.15ml/rat (low dose) or
15 umol/1.5ml/rat (high dose) of 5-FU using a gastric
tube. The rats were then left free in a metabolic cage at
the ambient temperature of 25 °C, and sacrificed at 5, 10,
20, 40, or 60min after dosing by puncturing the heart
under ether anesthesia to sample the gastrointestinal
contents and tissues of stomach, duodenum and three
equal lengths of small intestinal segments (jejunum, midgut
and ileum) as described in our previous report.'® After
adding the appropriate amount of saline, the gastro-
intestinal contents and tissues were homogenized, and a
portion of each homogenized sample was solubilized for
the determination of radioactivity as also described
previously,!? using Soluene-350 (1ml) as a tissue solu-
bilizer and Scintisol EX-H (5 ml) as a scintillation cocktail.

The remaining fraction (FR) of 5-FU in the gastro-
intestinal tract of each segment was estimated to be the
sum of that in the contents sample and that in the fluid
adhering to the tissue. The volume of adherent fluid was
estimated from the amount of inulin associated with the
tissue. _

As discussed earlier,'® assuming that the apparent
intestinal membrane permeability clearance (CL,;,) and
the average intestinal lumen volume for unit length (V,,)
are constant along the small intestine, the intestinal
absorption can be described as a first-order process with
a rate constant of k,. Therefore, further assuming that
the gastric emptying is described by a first-order rate
constant of k,, and that the gastric absorption and the
transfer from the small intestine to the large intestine are
negligible, the same model equation as those for a linear
compartment model consisting of the stomach and small
intestine compartments can be used to describe the
remaining fraction of dose in the stomach (FR,) and small

© 1996 Pharmaceutical Society of Japan
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intestine (FR) as follows:
FR,=¢ ks )
FRy=(e™""'—e™*") (1 —k,Jky) @

Equations 1 and 2 were simultaneously fitted to FR, and
FR; data, which were corrected for (normalized by) the
total fraction of inulin recovered from the gastrointestinal
tract, for 5-FU to estimate k, and k,, using a nonlinear
regression program, PCNONLIN (Scientific Consulting
Inc., Apex, NC), and weighted according to the reciprocal
of the variance.

Pharmacokinetic Analysis of Plasma Concentration
Data Male Wistar rats, weighing about 300 g and fasted
overnight, were cannulated in the right jugular vein under
light ether anesthesia. After regaining consciousness and
allowing a recovery period of 1h, each rat was orally
(through a gastric tube) or intravenously (through the
cannula) given a low dose (1.5nmol/0.15 ml/rat) of [3H]5-
FU, and left free in a metabolic cage at an ambient
temperature of 25°C; 100 ul of blood was taken period-
ically through the cannula and placed in a centrifuge tube
containing 5 units of heparin and centrifuged for 3 min
with a Microfuge E (Beckman Instruments, Inc., Palo
Alto, CA, U.S.A)) to obtain plasma. The plasma (20 ul)
was placed in a counting vial to which was added 3ml
Scintisol, to determine the radioactivity with a liquid
scintillation counter (LSC-1000, Aloka Co., Tokyo,
Japan).

Plasma concentration (C) versus time (f) profiles of
5-FU were analyzed by a one-compartment model with
first-order absorption, where the plasma concentrations
after oral and intravenous administration are described
by Egs. 3 and 4, respectively,

C=A+ e ket (3)

ARk
(ka—kep)

(e—k.,rl_e—k.'ﬂ) @

where k,,, k. and F, are the elimination rate constant,
the apparent absorption rate constant and the fraction
absorbed, respectively, and 4 is a constant. The values of
A and k,; were estimated by fitting Eq. 3 to the concen-
tration versus time profiles after intravenous administra-
tion using a nonlinear regression program, PCNONLIN.
With the values of 4 and k., fixed, the values of &, and
F, were estimated by fitting Eq. 4 to the concentration
versus time profiles after oral administration.

Gastric Absorption Male Wistar rats, weighing about
300g and fasted overnight, were anesthetized with
urethane (1.25g/kg, i.p.), and a low dose of 5-FU was
administered to the stomach, which was ligated at the
cardia and the pylorus. 5-FU remaining in the gastric
contents was determined 60 min after administration as
described previously.'¥

Biliary Excretion Male Wistar rats, weighing about
300 g and without fasting, were anesthetized with urethane
(1.25g/kg, i.p.). The common bile duct was cannulated
with PE-10 tubing, and bile was collected for 60 min after
injection (0.5 ml) of [*H]5-FU solution (0.01 mm), which
was prepared in phosphate buffer (20.1 mm Na,HPO, -
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12H,0, 47.0mMm KH,PO,, 101.0mmMm NaCl, pH 6.4) and
added with [**C]Jinulin as a nonabsorbable marker, into
a 5-cm intestinal (midgut) loop. Fifty microliters of the
bile sample was placed in a counting vial, to which Sml
of Scintisol was added for radioactivity determination. At
the end of experiments, 5-FU remaining in the intestinal
lumen was also determined to evaluate 5-FU absorption
(disappearance) from the loop.1%:19

Stability in the Gastrointestinal Contents Male Wistar
rats, weighing about 300g and fasted overnight, were
sacrificed by puncturing the heart under ether anesthesia.
Gastric and midgut contents were collected and added
with citrate buffer (30.0mM HCI, 32.8mm citric acid,
60.0mm NaOH, 71.8mm NaCl, pH 2.0) and phosphate.
buffer (pH 6.4), respectively, to make 20% homogenates.
[®*H]5-FU solutions (0.001 mM or 555kBg/ml) were also
prepared in the buffers of pH 2.0 and 6.4. The experiments
were initiated by adding 0.65ml of a 5-FU solution to
0.65ml of a homogenate in a centrifuge tube (0.5um
[®*H]5-FU in 10% homogenate). After 60min of in-
cubation at 37 °C, the mixture was centrifuged at 4 °C and
15000 ¢ for 10min with a MRX-150 centrifuge (Tomy
Seiko Co., Tokyo, Japan), and the supernatant was
filtrated with a disposable filter (DISMIC-25CS 0.45
um, ADVANTEC Co., Tokyo, Japan). The filtrate was
analyzed with a HPLC system (LC-10A, Shimazu Co.,
Kyoto, Japan) equipped with a radio analyzer (RLC-700,
Aloka Co., Tokyo, Japan) under previously reported
conditions'” with slight modifications for the column
(Wakopak, Wakosil 10C18-200 4.0mm i.d. x 250 mm,
Wako Pure Chemical Industries, Ltd., Tokyo, Japan) and
injection volume (200 ul)

RESULTS

Gastrointestinal Distribution Profiles The recovery of
5-FU was, regardless of dose and sampling time, com-
parable with that of inulin in the stomach, but far lower
than that of inulin in the small intestine (Fig. 1). The
gastric absorption of 5-FU was, as estimated in the closed
stomach of rats under urethane anesthesia, 1842%
(mean 4 S.E.; n=3) in 60min, giving an absorption rate
constant of 0.00344-0.0004 min~*, which was negligible
compared with 20 to 30 times larger gastric emptying rate
constants described later. 5-FU was quite stable in gastric
and intestinal (midgut) contents, where the fractions
recovered were 96 and 99%, respectively, after 60 min of
incubation in 10% homogenate at the 5-FU concentration
of 0.5 um. These results suggest that 5-FU is, regardless
of dose, rapidly absorbed in the small intestine without
gastric absorption or degradation in the gastrointestinal
tract. The total recovery of inulin from the stomach and
small intestine was about 100% throughout the experi-
mental period of 60 min, assuring that its distribution was
restricted within the region of the gastrointestinal tract
and transit from the small intestine to the large intestine
can be neglected. It was also confirmed that the biliary
excretion of 5-FU was negligible: only 0.37+0.08%
(mean+S.E.; n=3) of dose was excreted in 60 min after
administration to the closed midgut loop, as estimated
in rats under urethane anesthesia, where the absorption



1496 Vol. 19, No. 11

l VE 3T B -
IEIIEII'[E] 40
lﬁll\\Ll\\\\ STESHESSI)

SDJMI

Fig. 1.

'IH‘I_ILJLI 10 Time
LTI L Il )] 40 (min)
SIS

S D

20 ‘|"
o ‘\\\\\

[E ]
':\}}\u\\\\"'\\\—\ﬂk\}\ A

Gastrointestinal Disposition of [*H]5-FU and Coadministered [**C]Inulin after Oral Administration of Varied Doses of 5-FU in Rats

Results are represented as the mean (n=4). Panels la (5-FU) and 1b (inulin) are for the low dose (1.5nmol/rat), and panels 2a (5-FU) and 2b (inulin) are for the
high dose (15 umol/rat). Keys: S, stomach; D, duodenum; J, jejunum; M, midgut; 1, ileum.

from the loop was almost complete (98%). All these results
meet the assumptions in the model analysis incorporated
with only gastric emptying and intestinal absorption
(Egs. 1 and 2).

Kinetic Analysis of Gastrointestinal Disposition The
remaining fractions of 5-FU from all intestinal segments
were summed for each time to obtain the total fraction
of the drug remaining in the small intestine for model
analysis. The profiles of remaining 5-FU versus time for
stomach and small intestine were successfully described
by the model (Egs. 1 and 2) up to 20 min (Fig. 2), though
the model appeared to fit the data somewhat poorly for
the low dose. The parameters are summarized in Table 1.
After 20 min, the remaining fractions of 5-FU in the small
intestine were independent of dose and time, and could
not be explained by the proposed model. Because the
plasma concentrations of total radioactivity were also
independent of time after 20 min as shown in Fig. 3 for
the low dose, the luminal radioactivity may be equili-
brated with the plasma radioactivity, representing not
only 5-FU but also its metabolites (dihydro-5-fluorouracil,
5-fluoroureidopropionic acid and a-fluoro-$-alanine).”

While the gastric emptying was not affected by dose,
intestinal 5-FU absorption was reduced with dose, as
reflected by larger fractions remaining in the small in-
testine and a smaller k, value for the higher dose. Because
the k, value was associated with a large S.E. for the low
dose, additional simulations were performed for k, values
of I and 10 min ! to further confirm the dose dependency
in k,. The data points for small intestine were within the
range of the simulation lines for the k, values of 1 and
10min ™!, suggesting that k, for the low dose would not

100

10

Remaining 5-FU
(% of dose)

— T T 1
0 10 20 30 40 50 60

Time (min)

Fig. 2. Remaining [*H]5-FU versus Time Profiles for the Stomach and
Small Intestine after Oral Administration of Varied Doses of 5-FU in
Rats

Results are represented as the mean +S.E. (n=4). The solid lines represent the
computer-fitted profiles up to 20 min. For the data after 20 min, where the model
was not applicable, each series of data were connected by broken lines for clarity.
Keys: O (stomach) and @ (small intestine) for low dose (1.5 nmol/rat), and []
(stomach) and W (small intestine) for high dose (15 umol/rat). The lines of —.—
and —- -— are simulation lines using k, of 1 and 10min ™!, respectively, for the
low dose.

Table 1. Kinetic Parameters of Gastrointestinal Disposition of 5-FU
in Rats
k k, CL,,,
Dose (min-1) (min~1) (4l/minjem)
1.5 nmol/rat 0.069 10.008 5.95+27.53 143
15 umol/rat 0.08240.010 0.55+ 0.29 13

Values of k, (gastric emptying rate constant) and k, (intestinal absorption rate
constant) are represented as the computer-fitted parameter with S.E.; CL,,,
apparent membrane permeability clearance as k,- V,,, where V, is the average
intestinal lumen volume (24 ul/cm).!»
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Fig. 3. Plasma Concentrations of Radioactivity after Intravenous and
Oral Administration of [3H]5-FU in Rats

Results are represented as the mean#S.E. (n=3). The solid lines represent the
computer-fitted profiles. A low dose of 5-FU (1.5 nmol/rat) was administered
intravenously (Q) and orally (@).

be smaller than 1 min~! and at least 2 times larger than
that for the high dose (0.55min"?!). This is the first
demonstration of dose dependency in intestinal 5-FU
absorption in vivo, though carrier-mediated transport has
long been suggested in situ and in vitro.?~1?

The k, values were larger than k, values by an order
of magnitude or more at both the low and high doses,
suggesting that the gastrointestinal absorption of 5-FU
is gastric emptying-limited regardless of dose. It should
also be noted that, for both the low and high doses, the
recovery of 5-FU from the most distal segment of ileum
was negligibly lower than that of inulin (a nonabsorbable
maker), as observed at 40 and 60 min (Fig. 1). Thus 5-FU
was strongly suggested to be rapidly and completely
absorbed regardless of dose.

Pharmacokinetic Analysis of Plasma Concentration To
further confirm the gastric emptying-limited absorption
of 5-FU, the plasma concentrations of total radioactivity
for the low dose were analyzed. Although these concen-
trations, presumably representing 5-FU and its metabo-
lites,? were maintained at a quasi-steady state after 20 min
for both intravenous and oral administration, the initial
phase of concentrations up to 10min was successfully
described by the one-compartment model with first-
order absorption (Eqs. 3 and 4). The kinetic parameters
(mean+S.E.; n=3) were obtained as follows: 4=0.457+
0.033% of dose/ml, k,=0.06494+0.0031min™"!, k=
0.041+0.012min"! and F,=1.00140.0001. The k, was
comparable with the &, of 0.069 min~'. Although &, may
be modified by the potential involvement of first-pass
metabolism, the appearance rate of [*H]5-FU-derived
radioactivity in plasma should not exceed the absorption
(disappearance) rate of [*H]5-FU from the gastro-
intestinal lumen. Thus this result suggests that 5-FU
absorption is rapid enough to be gastric emptying-limited.

DISCUSSION

With the estimate of the average intestinal lumen volume
(V,.), intestinal membrane permeability clearance (CL,,)
can be estimated as the product of k, and Vav.“'l%)
Although dosing volume was larger for the high dose
(1.5ml/rat or 5ml/kg) than the low dose (0.15ml/rat or
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0.5 ml/kg), our earlier studies showed that ¥, of 24 ul/cm
in fasted rats is not affected by dosing volume up to
Sml/kg. Using the predetermined V,, value, CL,,, values
were estimated and listed in Table 1.

The intestinal carrier-mediated transport of 5-FU has
been extensively characterized in situ and in vitro,3~'?
where, with the Michaelis constant of 20 to 100 um,
the membrane permeability clearance is maximized (30
to 70 pl/min/cm) at concentrations below 10uM with
carrier-mediated transport predominant, and minimized
(2 to 6pul/min/cm) at concentrations above 1 mm with
passive transport predominant.!!'!? On the other hand,
5-FU concentrations in the dosing solutions in this study
were 0.01 and 10mwm, respectively, at the low and high
doses, and can be lower in the intestinal lumen because
of dilution by luminal fluid and absorption. For the low
dose, luminal 5-FU concentrations should be lower than
10 umM, suggesting that carrier-mediated transport would
be predominant. For the high dose, since 5 to 10% of dose
(15 umol/rat) was distributed in the duodenum to midgut
region, of which luminal volume is about 1 ml,'® luminal
5-FU concentrations would be comparable with or higher
than 1mM, suggesting that passive transport would be
predominant. Thus it seems reasonable that CL,,, at the
low dose is an order of magnitude larger than that at the
high dose, in agreement with results in vitro and in situ.
However, CL,,, values in vivo are an order of magnitude
larger than those for corresponding conditions in situ and
in vitro (30 to 70 and 2 to 6 yl/min/cm, respectively, for
low and high concentrations). This remains unexplained
and is a subject for future investigation.

As suggested for D-xylose absorption, which is intestinal
absorption-limited,®'? the rate and extent of intestinal
absorption by passive transport is comparable between
rats and humans. Gastric emptying rate constants re-
ported in humans (0.02—0.2min"1)?® are, although
variable, also comparable with those in rats in this study
(Table 1), suggesting that the two species are comparable
for the rate limiting process in the gastrointestinal
absorption (gastric emptying or intestinal absorption).
Since 5-FU was suggested to be rapidly and completely
absorbed even at the high dose, where passive transport
is presumably predominant, the same is expected in
humans at high doses and also at low doses, where its
absorption can be more efficient. Thus, the present study
successfully demonstrated dose dependency in intestinal
5-FU absorption in rats in vivo, but also suggested that
the gastrointestinal 5-FU absorption can be practically
independent of dose, being completely absorbed in a
gastric emptying-limited manner in rats, and also in
humans. The bioavailability problems (low and erratic) of
5-FU may be attributable to extensive and variable
first-pass metabolism rather than to poor and variable
absorption.
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