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Osteoinduction of B-tricalcium phosphate containing extracellular matrix.

Kenji YOSHIDA, Kazuto IWASAKI, Kenji NEMOTO, and Shinji DEGUCHI

Department of Periodontal regeneration, Kanagawa Dental University Graduate School

F—U—F
B-TCP MMISh~ R Y w2 2 HOHFEEBERSRA B BEREE R S

A= & %
st~ ~ Y v 7 AEHB-TCPOB #5EHE

Abstract

We assessed the osteogenic differentiation of bone marrow stromal cells (BMSCs) in

beta-tricalcium phosphate (B-TCP) blocks containing extracellar matrix (ECM) produced by

human alveolar bone periosteal cells (HABPCs) in osteogenic differentiation medium. HABPCs

were cultured in the blocks for 1 week (group 1) and 2 weeks (group 2). We then created -TCP

blocks containing ECM by drying both groups of cells. BMSCs were cultured in both groups’

B-TCP blocks containing ECM for 2 weeks. In the control group, BMSCs were cultured in the

B-TCP blocks alone for 2 weeks. A significantly higher number of HABPCs was observed in

group 2 compared to group 1. HABPCs produced several bone matrix proteins, and these

positive reactions in group 2 were significantly higher than in group 1. Both test groups
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indicated a significantly higher number of BMSCs than the control group. BMSCs produced

osteopontin and osteocalcin, and these positive reactions were significantly higher in both test

groups compared to the control group. The numbers of osteocalcin-positive reactions were

higher in group 2 than in group 1. The osteogenic differentiation of BMSCs in the group 2

B-TCP blocks containing ECM was significantly higher compared to the other BMSCs.
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Fox 1T A RA LB ER A2 VTR Lz b Ml e8I kflia (HABPCs) 723
PEAE LTSN~ N v 7RG LB U B =H /7 A (B-TCP) A3E#EH K H]
TN (BMSCs) 1252 5 882> Tl L 7=, HABPCs (% B-TCP NIZT 1
il (Group1) H2D WX 2 (Group2) H4# &7z, Group 1 35 L Group 2 @ B-TCP
BRI E D FIC Lo TSt~ N U v 7 REH B-TCP Z/E# L7-,BMSCs % Group 1
B LW Group 2 DSt~ R Y v 7 AEH B-TCP NIZ T 2 LS L7 b D& FHEREE L
L. B-TCP HfANIZT BMSCs # 2 Hffti& L= b D& 2> b —/Lfif L L7, HABPCs
1% Group 1 & g L T Group 2 I THEICE < B-TCP WIZEL b7z, HABPCs |% B-TCP
I ThE A e BB E # X7 ZEA L TEY . 206 OGRS Group 1 & i LT
Group 2 IZTHEIZZ 588 L7z, BMSCs XM EBRELIZI W Ta v b — Lt & g
L THEIZZ GO bz, BMSCs ITffast~ bV » 7 254 B-TCP NIZ T Ki-67 X°
FATHRTF v (OP) RA AT AN (0C) ZEALTEY ., ZOBMRINE

FEREECB N Tay b — L L0 S AEICE L, FFIZ OP & OC D5 Groupl
L HB LT Group 2 CTHEICZBO B, ZTNHDZ &5, Group 2 DAEfES~
NV w7 AEH B-TCP WD BMSCs (£Z DMOREL U BRI E L TV b
DIRE ST,

fiREER3C
AWFFRIT A KA LFR B A VTR Lz v b oA a B I R AR A3 E AR L 7 i
S~ NV w7 2AE2EF LB Y V=V T AHVE R SRIMIE RS 5 2 5 EIC
DOWTHHI L7z, £ OfsF, Bl kR o5 FMld~0 b 2 RES TS 2 &
WRBRINT-DTZ ZICHET 5,
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B JELAR PR AR REIZ BN T TV E ThRA P80 TN, BRIRISH S TE T,
Vacanti & Langer (JF/AEEHRO Z8HF L L Clllia, &%, v 7 Ao aELi- ",
BUE, ML & U CIE SR EMEE RS &8, BGL LTI =T —5
¥ (Col-) BV VEE=INT DL (B-TCP) 72 EN, 7 as1 L LT/ MiH
Je R Rl 1o L ME A SRR SHR  (b-FGF) 72 ERZF b, BHRE 721385
HAE DRI L > THAEERROIZEIZHN BTN D 29,

HZEBMEIIMN, 235, > 7T AN+ e 0 ) BARED ZERZOETEALTED,
BHihEEE A R o 7ol B R P AR TE D gold standard & STV 5, L L7236, D
BIEEICIFRADH 0, F 7B T DI, BEIC X TR RE OER &
WO e RENFIET 5 9,

ML E OHFELHMEDBIRIZ W Th & Z2flifadt~ b U v 7 22 PEAET 5, FRITH
FHME2 B Col-l, EaTF—7F vy Xy, TaTd ) hig EREEASND,
Miast~ R YU > 7 ZAMREICx L, B E LTl 20 CidZe <, AT, HE, BREA
b, FEESLHLZ T T 2%E G H D, Col-1 ITHIRIEE DR KILICE X ¥, RILRH
R ML OF HFEMIL A~ DLW TEIEMZ > 2327 (BMP) < Runtrelated
transcription factor 2 (Runx2) (3K X 72 5E] 2 a9 679,

—J7, RO bHIEER AL E PHER B R R R I K » TR A Zefiialc b2 2 &
DHITHITWND 210, SROMBMBERMMITE8E, BV, EREITFEELTEY, i
Bl &0 BREL 7B Bl ORI SE R A (Bone marrow stromal cells : BMSCs) % N7z
Bk 4 IpWF5E 03 Tou T %, Dexamethasone (Dex), B-glycerophosphate (B-GP) A%
{LREERERMIIE 2 T 2Efila~ L b s, 7B 74 A7 7 X —E8 (ALP) A4 AT
FHNnT e (0C) ORELEESTL@MmENHLH Y, Miller Hide HEEERIMLE
HIRA b iE SR (osteogenic differentiation medium : ODM) TH:EE L7- & Z AH M
fa~& b Lz L& L 12, F72 Ozono H1E7 » FEFHEHIZ b-FGF, 17B- estradiol & Dex
ZUIN L 7= B HipN CTH5# L7= BMSCs % B-TCP L iLICBHE L, BRI B O T & ik
LT3 10,

—J7, BEOMIZEHE - ¥R L, oMz AW THAERIELZT S FIESHIESHh
TW5, Okuda Hid b MEREEEBEAZ R LR TS — P 2ER L, BRRIZBNT
JEHL B, Ueno HIXHZEEE L B ERIBMIZI W TREE & BBk O
EllELTND W,

TN ETH AL B-TCP N TH;# L7= HABPCs 23ljadb~ b U v 7 2L LT ALP X°
Runx2 72 & O FMMb~ — T —=°, AT FRF o (OP) R OC 72 & D EE ¥
PN wEAL, ThERS TS~ Y v 7 ZEA B-TCP I3 BMSCs DK
RO G EARET D5 Z 2B BN L TER D),

A El, ODM %MW T B-TCP WIZ Tt hgilE E A kAl (human alveolar bone
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periosteal cells : HABPCs) # 5% L, Zh xS w7t~ ~ U v 7 2 5H B-TCP
75 BMSCs OB T HGRMINEA~D 53 UIZ 5 2 2 8B DU THOg ik b A R L 72,

MBS LR

1. Mifasg®

AWFFENE, FE) RS2 IR IR Bl Sl U 7= By B BBl 2 b G TAT - 7o, A4 1
BRFMEZEEOEROL E (F192%F), 1 7+—LRFartvr baefie BT,
45 5% 5 53 KD 4 NOBE X0 WAL ERNCH 3 @IS TR A RIEEZ ATV, Sl
B RICH DA 3 x 3 mm BRI L 7o, BRI L 7oAk a2 B & L, Mok L7, Cell
culture slip (Thermanox Plastic : Nalge Nunc International, USA) (Z CEHEA ZM X 25 Z
IR, BELIIREBEROEE Lc, Z20%, ML LIcEEA P DilEEL TE 72
Mildz HABPCs DA EAMAn & L, EBRICH L7, K HABPCs 8= 71> |
WZEE L72%%, 0.25% trypsin (= A A, BR) ICTRBLL, MfREE A 1.8x10* cells/cm?
(ZAHE L, 37°C, 5% CO» P THEMRIESER 24T VMEN L7z, Afais2iKIE, a-minimum
essential medium (Gibco, USA) |Z 10% fatal calf serum (Thermo Trace, Australia), 0.25mM
? L-ascorbic acid 2-phosphate (FIDGH{%E, KFx), 100units/mL penicillin (Gibco), 100ug/mL
streptomycin (Gibco), 3.5mg/mL D-glucose (FIY&HiZE) Z M L7 & @ EEH & L,

2 H Mt Ha A2 1T > 7=, @EEEHIZ 10nM @ Dex (FOEHEZER), 10mM B-GP (Ft
Mid) ZIRINIL7-H D% ODM & LT LT,

E70, MRNEREREEY FBRIGENTAE, 7 Wilind Fisher RHET ~ b (F344, HAK
VT, HIR) NV RSV EZ—)L s Na (RU7F—)b, KRAARMIE KR) O
FllF 51T L0 2RI SH, KRIRE 2R %, mumo KERE IS COER L, ImL OB 5
a2 ERNE T U VBB A BRI L 7o, Z01%, BHEIC8 LT 10mL O IK CrilE S
, AR A ERL L 72, B BEMIAEIX 100-mm culture dish [ZFEFE L, 37°C, 5% CO»
TIZTA »Fa_X—ZNT 3 OMEEE L, R LCEHMRIC, 4mL OFREE 2
BN Z 7=1%, WFpfElaZBRE L, ARz S OIC8E Lz, 7 AR L7 b D% )
fUBMSCs & L7z, ZDt%, MIEE A 0.9%10* cells/om?|Z 7% LIRS B 21T o7, 72
BARIZ~V Y VX ES T LATo7,

2. B-TCP N~MD HABPCs D¥&TE

FxlL5x5x5mm D B-TCP(A AT = VA2, A Y L IRATNVENAL AT YT,
HR) WIZ Hasegawa b D5k 9% 28 L HABPCs ##EfEL 7=, ©F U 5x10°cells/mL
(ZRHEE U7 R IR 1.5mL 2 7- L7 SmL vV >y (TAEVY Y, TAE, K
) WIZ B-TCP &= A, WEEFIK ZE TV U PHEERREIZL, A T L—H—
ICCTIREI SE 5 Z L2k B-TCP NoXIdZREL, MlA#HERELZ, ZOLEE 4
Al K L7z, ZD%, B-TCP &2 U YN LEY H L, 24-well culture dish (Z &



L, k7580 AnROMiERER 2 T LIREREZ1T, 37°C, 5% COx T CHEE AT
S72, ODM % HWT 2 HfIZEs A L, 1 R L0 2 BEORBREZITY, £h
Z4 Group 1, Group 2 @ HABPCs/B-TCP & L7= (n=4),

3. Mgk~ NV v 7 ZAEF B-TCP DEHR

Group 1 3 & O Group 2 @ HABPCs/B-TCP % 37°C, 5% CO, FC3 ARzt 5 2
LIk 02 FER S, FHFEN Group 1, Group 2 DSt~ U v 7 ZE& 4 B-TCP
&L, FEBRICHER L,

4. #fas~ b Y v 7 REH B-TCP ~D BMSCs D#EHE

5x10° cells/mL (ZF#& L 72 BMSCs OHifufg#Eik 1.5mL A 7= L72 > U & PN Group
135 £ W Group 2 DHfifast~ kU w7 254 B-TCP Z AL, Hiik O U Allfe 2 #FE L 7=,
Z Dk, Miffast~ NV v 7 AEH B-TCP 22 V) o PHRMNSEY H L, 24-well culture dish
(B L, WA VT2 Rt 22 L, 2 SR E2 T2 b 0E2ENE
AU Group 1 35 & O Group 2 @ BMSCs/B-TCP-ECM & L7-, E5&EK TR, @IEICHEWETE
ATV IR SR o K OV RO SR 21T o 72 (n=4) ,

F 72, B-TCP NIZ BMSCs Z#&FH L, WHEEHIZ T 2 MR L2 b D% Control & L
TRBRICHLR 70, ik PrMmBEEZITo72 (n=4),

5. MEBTFHORE

HABPCs/p-TCP £ L TN BMSCs/B-TCP-ECM % 4% 5% & /X7 7RV AT VT B KRR
W (RO (2 T8IFMEE L, £D®%ANT 7 4 ezt 7o b—AIZTRE
A~10 um YT ZAER U7, /BRI L 7200 20 o L > (Feilizi) 38 LU0 100%, 95%,
90%, 80%, 70% =% /—/L (FOLHi3E) Z AW TIERNL ST 7 ¢ > %47\, HE 44
ATo T, Yetath, JRWMEE (BX-53, 4 VU /%A, Hit) (2T HABPCs/B-TCP Tl
7a w7 L O /NLOBIE Z1TV Y, BMSCs/B-TCP-ECM TlIEE D/NMLOBER AT -
776

6. FIBHBFHORE

FRRFHIRRR & RARICUI R Z2FR L, XD 7 4 U212 10%1EH Y ¥ 1{E (normal
goat serum : NGS) I[ZC7 1 v X 7 &1To7-, —IRFLIAIL, HABPCs/B-TCP (Z/3FtE K
ALP =7 AFE J 7 m—FLHiK (1/10 : R&D Systems, USA), $Tt bk Runx2 7 £ v bR
U 7 a—FLHik (1/50 : Abnova, USA) Hit k Col-1 =7 A%E / 7 a—F LFik (1/50
BT A I, EI), fte b OP Z &y AU Z a—F bk (1/1500 :
CHEMICON INTERNATIONAL, USA), $iit h OC T & v "R Y 7 m—F Lk (1/25:
Abd serotec, USA) % V>, BMSCs/B-TCP-ECM (213517 »~ k Ki-67 ¥~ AE /) 7/ 10—



F PR (1/50 : DakoCytomation, USA), Ht7 >~ b OP 7 & v hAR U 7 v —JF Lk

(1/200 : BIOSS, USA), $ii7 > b OC v AE / 7 m—F L4k (1/400 : Enzo Life
Sciences, USA) % A\, 4°CI2T 1 BAUG &1, “IRPUAKIL Alexa fluor 488 ~ 7 & 1gG
F LY Alexa fluor 488 7 &' k IgG  (Dako Cytomation) % FVNT, ZEJRIZT 1 REfEIX
Jh ST, BIEITEOEBAMEE (BH2, AU 8 x, W) #HW, REO/NFLIZOW
1o 7,

7. BEEHFHORE

HABPCs/B-TCP (251} D%k, ALP, Col-I, Runx2, OP, OC D R)s%E L
BMSCs/B-TCP-ECM (21T HHifi%k, Ki-67, OP, OC DM sEA 4 bk L, ko
#atY 7 K (Dr. SPSSII11.0.1, SPSS, H) % M\ HABPCs/B-TCP (Z-DU Tl Levene
test (2R DEHWMEDRIEZAT o T2%IT, D E LWIEEIZIE Student D ¢ FiE %,
IIHENEE L < 2RV EAIZIE Aspin-Welch O ¢ #E %17\, BMSCs/B-TCP-ECM (22U T
IE—JCELE S B HT  (analysis of variance : ANOVA) D712 Sheffe & 1T\, p<0.05
DEEREEDY & LI,

S

1. MERRZFHIFT A
HABPCs/B-TCP {23\ T, Group 1 1%, FKEIZIZZ < O HABPCs DRSS L7
3, BEEO/NLN T/ NMLBER NI O AT MISE LT, —J7, Group 2 T,
Group 1 {2kl U CIEERD/INMLINARIZ HABPCs 23 (2% < i LTV 7= (Table 1,
Fig. 1A, B),
BMSCs/B-TCP-ECM (233 T, Control & H#E L C Group 1 35 XU Group 2 THEIZS
< OFIfEAS B-TCP g D/LNICHE L T Y, F£7- Group 1 & ki LT Group 2 TH
H\Z% -7 (Table 2, Fig. 2A-C) ,

2, FEEEBRTFHORE

HABPCs/B-TCP T ALP, Col-I, Runx2, OP, OC D4 T DGR IGIZI T Group 1
& Hi LT Group 2 ICTHEICZ <O iz (Table 1, Fig. 1C-L),

BMSCs/B-TCP-ECM TlZ Ki-67 Bt iE Group 1, Group 2 {233V T Control & ik
LTHEICZHED b,
OP 15 L TN OC DGR E Group 1, Group 2 {233V T Control & bl L THEIZE < 7
b B3, £72 Group 2 Tl Group 1 & Hil L CHE I < #1547z (Table 2, Fig. 2D-L),

£ %



Alal, Fex TR~ N Y v 7 ZAEER LT2H LOBHEAM O3 2 B & LT, ODM
ZRWTER L 7-fash~ NV v 7 2AEH B-TCP 7 BMSCs (252 2 B A2 Mm% L,
BMSCs OF M ~D b RS 5 2 & Z2R LT,

BREAE O AT H 2 BRI E M2 ORISR L T D, B
I3 MSCs O Y — 2 & LT, #ENEILCFIalIcls W CEEMICEE T2 17, &
B 2 miBAITE R, ER, BRSO SLEE 2> T D 1, BB TR
\ZH8UNTC, stromal cell-derived factor-1 D8 & (2 X 0 B RPN O i BRI A L XARAR OIRBEIC R
D, F£7ZMSCs DENEZAT D Y, 7z, WS G R IRRBOE I LT, &V
HAS KR BE TR IUT X 2/ CTH 2728, ATk 4 1 L& B DiEH Lz
HABPCs % L7,

BE, lERICBW TSNS AT/H E LTIZHA S B-TCP BNET LN D, WAL e
HICAERBIFNE, BREREZFFOV VANV T LD NTETHLH, EERNICENT
HA (384 10 L0 ERGE L CTHIT & A EWRILS 720 DIZH L, B-TCP ITARRFAYIZIR
WS, ZHUTHEVVED Y BT U U ZNAE LD 02028 208, ARIF L 1T EHH
& LT B-TCP ZER L7z,

Hasegawa DIV V& W HEDR b B-TCP WHENZ R HIL Z fEfE T & 5
EHIE L9, FAaITFEDOFEESE LEH L7z, HABPCs/B-TCP @ Group 1 Ti& B-TCP
TRERIZ DT LB S s > T-DIZxt L, Group 2 TIRIEELD/NMLNIZZE K D
RO bz, ZDZ L5 HABPCs A3 B-TCP EEBIC £ THaMET 51213 2
MREE DERMM A MLE TH D Z EDRENT,

4:[a], ODM % VT B-TCP INHEBIZ THE#E L 7= HABPCs [3flifflasb~ b U v 7 2 & LT
HRE X /37 Th % Col-l, OP, OC R FH MDD /b~ — I —Toh D ALP ZEA L,
Z OEAIE Group 1 & Fhfgg LT Group 2 THEIZZ S BlOTZ, £7-, Runx2 DX
J& b Group 1 &l LT Group 2 CHEIZZ Bl o472, Runx2 [XMEERHHIILOE 2
HERE~D I3 L DRI I TR @ < 23, Sk oI Wi imllc @ | £z,
Runx2 (X Col- 1, OP, ‘B¥ 7 u& /X7, OCREOEIRE X 7 OB ZRE L
TG, 2425202D - F 2 |3 B-TCP NIZC HABPCs 23E4E L 7= Runx2 73, BMSCs DF 3
i~ b 2R X, OP, OC OFEAZFHFELI-OTIIRVWNEBZTND,

BMSCs/B-TCP-ECM (28T B-TCP NHBIZ BMSCs 2MHE L TR Y, Mg~ —h
—Toh 5 Ki-67 ODIEFENBONT-Z L bffiflast~ N v 7 A5 B-TCP X, BMSCs
(X9 DA EMESME <, PERIC BMSCs 2M2 A, HE, B+ 5 Z LR ENT-,

B ML E O LB K o Thk & R RAEIR T2 8Bl 5, TR b HATE M
FlZFB W TIE Col-1 & ALP %, REVEIFMAUZIBWTIZOP L F T rZ "I %, %
L CREVE ZEMIL TlX OC OFBLNEL S D 2282930 5T, Fxld OP, OC DIEH
BT HZLI2L Y, BMSCs OFFMIA~DOSLRRELZBET LN TE5LE5
ZT7. A, st~ R v 7 ZEA B-TCP NEHIZER VT BMSCs DFEA LT- OP B &



O OC DIFHERISE SNT-Z & 0ve, BMSCs 28 REREVE EAIE -0V SR 5y
fLLTnbEEX b,

MIfash~ ~ U w7 2 XHIBE R OB SR~ D5k &2 FFE T 5, £72, BMSCs
320 biEZ B LT\ 5, Tz Fxidfiast~ vY v 7 258 B-TCP OF5ERE
ZEHili 5 22 BMSCs & 7 v v 7 NIZHEFE L7z, 4E], Control & i L T Group 1 &
Group 2 D J5 7 OP, OC DEHERIGH A EIZZ < Bl O 4L, £72 Group 1 & ki L T Group
2ICBWTHEBIZEZLLRBO LN, ZHDZ L5 5,0DM % v TH:#E L 72 HABPCs
HeROMIast~ kU > 7 253 BMSCs OF M ~D /b2 et S5 Z & VR S,
BMSCs O bidfifast~ ~ U > 7 ZARL S EAZIN TS Group 2 TEVEHTH -
72

fhism & LC, p-TCP NIZ T ODM % AW TH:#& L7= HABPCs 1B AEICE £ h 24
S R U w7 AEFEEL, TNEGEIEIMas~ Y v 7 A& B-TCP X BMSCs
DFFMIE~D M RE ST D Z AR INT,

1%, HEAREWAZ AV in vivo DIFZEIZEBWT, fMiflabt~ Y v 7 Z5F B-TCP
N E ORI L RET O ERFT OLERH D EBE 2D,

B
FRZf R DITHIZY, MEBHREMEZ W2 I2WTe A U SRR EHV 2 LR,

K SLOE S TSR R F P25 142 A2 (2013 4E 10 A 10 A) 2B WTH
Fz1L7,
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Figure legends

Figure 1. H&E stain images of the HABPCs/B-TCP blocks from group 1 (A) and group 2 (B).
Significantly higher numbers of cells extended into the pores at the core of group 2.
Immunohistochemical staining showing the expression of ALP (C), Col-I (E), Runx2 (G), OP (I),
and OC (K) in group 1 and ALP (D), Col-I (F), Runx2 (H), OP (J), and OC (L) in group 2 of the
HABPCs/B-TCP blocks. In group 2, all of the positive reactions were significantly higher
compared to group 1. (A-L: original magnification x200, scale bar = 50 um)

Figure 2. H&E stain images of the BMSCs/B-TCP-ECM blocks from the control group (A),
group 1 (B), and group 2 (C). Significantly higher numbers of cells extended into the core in the
group 1 and group 2 blocks compared to the control group. Immunohistochemical staining
showing the expression of Ki-67 (D), OP (G), and OC (J) in the control group, Ki-67 (E), OP
(H), and OC (K) in group 1, and Ki-67 (F), OP (I), and OC (L) in group 2 of the
BMSCs/B-TCP-ECM blocks. In group 1, a significantly higher number of positive reactions of
Ki-67 showed in the pores compared to the control group. In both group 1 and group 2, a
significantly higher number of OP-positive reactions were observed in the pores compared to
the control group. In group 1, a significantly higher number of positive reactions of OC showed
in the pores compared to the control group. In group 2, a significantly higher number of
OC-positive reactions were seen in the pores compared to group 1 and the control group. (A-L:

original magnification x200, scale bar = 50 pm).

14



Table 1. HABPCs/B-TCP blocks analysis

Group 1 Group 2

Number of cells 23.3+5.1 112.5+41.8"%
ALP 11.4+0.9 23.1 £4.27
Col-1 14.7+£2.5 27.4+ 3.5
Runx2 18.8£4.2 31.7+1.7%
OP 26.6 £3.2 414+ 49"
oC 13.6 +1.7 26.9 +2.4™
Results are mean = SD.
* p <0.05 compared to the Group 1.
+ p <0.01 compared to the Group 1.
1 Student #-test.
§ Aspin-Welch #-test.
Table 2. BMSCs/B-TCP-ECM blocks analysis

Control Group 1 Group 2
Number of cells 30.3+7.0 77.0 + 16.8" 101.1 + 6.4
Ki-67 11.8+2.3 23.4+3.7" 25.1+2.9"
OP 94+24 23.0+4.7" 46.0 + 4.0%
oC 9.7+£13 22.4+2.8" 42.7+7.3%

Results are mean + SD.

* p <0.05 compared to the Control.

1 p <0.01 compared to the Control.

1 p <0.05 compared to the Group 1.

§ p <0.01 compared to the Group 1.
I ANOVA and Sheffe method.



