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Effects of enamel matrix derivatives on biologic activities of human periodontal
fibloblasts to demineralized root surface
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ABSTRACT

Purpose: The aim of this study was to investigate the effects of EMD on demineralized root surface using human periodontal
ligament cells and compare the effects of root conditioning materials(tetracycline(TCN), EDTA).

Material and Methods: Dentin slices were prepared from the extracted teeth and demineralized with TCN and EDTA.
Demineralized dentin slices were incubated at culture plate with 25, 50 and 100 pg/ml concentration of EMD. Cell
attachment, alkaline phosphatase activity test, protein synthesis assay and scanning electronic microscopic examination were
done.

Results: Cells were attached significantly higher in EMD treated group at 7 and 14 days. Cell numbers were significantly
higher in EMD treated group.

Alkaline phosphatase activity was significantly higher in EMD treated group at 7 and 14 days. Protein synthesis was
significantly higher in EMD treated group at 7 and 14 days.

Conclusion: Fnamel matrix derivatives enhance the biologic activities of human periodontal ligament cells on demineralized
root surface and its effects are dependent on the concentration of EMD. (J Korean Acad Periodontol 2008;38:679-690)

KEY WORDS: Enamel matrix derivatives, PDL cell; Tetracycline; EDTA.
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02, ZHY, Iz, olg2

7F A9] 27| DAl A 28-S o gttt
A’ o2 Aol EMDY Bk, AZo) Yol &
A 23, AR YAl g, AT Am 5ol met 2lolg
R R i

EOE gollAle EMD7} A)QlehidfropAl e wlist
H 7dAEelA FStg 28h £302H8-S vehdidia skl
onf EMD7} Ao} RIFAti A fobh 2
A 1 &3} o 24 Yepdoian sigil’. of= MDY &
801 27| A QAN A9 shEAlE Ak ek
O Yehs AoR Hojoj, JuALe| o3t AfEct
ALzA| ATt ARE == S A & 5 4
o, %3 EMDY| -2 AFeltdfotEe] that 84
= F7HI7In AIZQ] 7HE YRk AgAE M7,
Agjlo] AdE FARE Y A2 ool I 1|
A, AFdldfoprZel S ke LES
F=HP. MR IAGEAY s S5 2RE g
R A o vehd 4= qict WA
T8 S PNIAE 2Eske Ao, EIE AL
oF AR A4 T 5 ks RS 7T AP,

TG Sl 9%t AT At Axxd] 95 AR
AI7F il HAuE olF Fat 4 55 a4 eR 3
B3l Hee Almsol Qlof gk A3 de] ogk A2
Hol| 23] o] dofutz] o= YN0 2= AiFolv =
2ol QR AR o4, FEAL AT Uwe] HgE w
YE ARl A Fol e, ol XA ojgkd
<HolA AFe F A E AREe sEAES
3 & = Sl AMAAS ATgEse g A
AL2ARALE WS S5k 71 AR X0t =
A Hedl, A2 get HEH dRolzy ozt
Hzjo] Aty =gy

Bl Etho|Z™(Tetracycline HCl, TCN)2 2|2 FHO
EEE AL MZEHNE AASKT Aobd 2 )
492 2N A9Told R A8% 2 4 9
© TAS uisRe] Y ddolsg HAgeRE
AREZ =AY RAS 22T Al ALk
TONZ H| W3S o, TCNC.R H3leh A7} dRoti2e]
B¥o] © wol Lojdths At gisln”, Tongt
EDTA(Ethylene diamine tetra acetic acid) ®3] & 2=
AcdrotAlze] Rake HAPS o TCNO| o Aapa o]
ke ATE Yk,
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o] g9 A2 XZ@He ¥ TCN %= EDTAR &
S AR It =0 EMDE] H-go] AFIrhAd
ot ey el v ¥FE otked 3
ow, TCN#} EDTAR ©315 2wl ofd A4} o &}
QA vlaefE A} et
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1. X[FQICHAFOMIES| HHRE

Aol AME ATt foMIZE AEThetal ]z
YoM HAEE FHoz UAH A7t Aot Ao
A 2eate] ARSIt HAE Aoks HRAASE AlH
3kl 1%2] 3AA|(penicillin G sodium 10,000 units/ml,
streptomycin sulfate 10,000 ug/ml, amphotericin B 25
ug/ml, Gibco, U.S.A)7} 71 ¢—MEM(Gibco, U.S.A)9]
U2 3, Aol 59 U3 SHol o Ay
= ZAAHA R F ujFEAle] FRAA ksl
HjQFH O 2= 10%9] fetal bovine serum(FBS, Gibco,
US A 199 F¥A(penicillin G sodium 10,000
units/ml, streptomycin sulfate 10,000 ug/ml, ampho-—
tericin B 25ug/ml, Gibco, U.S A)E 7K} o-MEMS
AREBIGAL, 2-3dnitt HiXE wESIGITE AlZEE 1:49]
HlER ApistEon, 3-43] Ahaie Ao
O ZE AMGSHALL,

els Fel(Hu—Friedy, Chicago, IL, USA)S o}83}
AT ASst 3 Ad|(Exakt, Exact cutting &
grinding system, Hamburg, Germany)E ©o|-835}o 37|
5X5X1mm®| o} HHZ AU,

Aol AR AHS ol? ANE ] 9 +2 &
i zaControl, C)2&, XTTHE TCN ¥+= EDTAR &
33 75 PIUHETCR s1¢len, TON %+= EDTA 23
T EMD 3} #jR](25, 50, 100 ug/mi)ollA] ¥iFE & A
o sigih
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3. X2 HHo| &3l

FHRE A2 AEE FF4E 583 Al $ ToNzt
EDTAS o]g3lo] ¥3AHTt TCN(Tetracycline HCL,
Chonggeundang, Korea)2 10% =2 S5 =01 &
357t 3|Alzon| EDTA(PrefGel, Biora, Sweden):=
24%2] TE= 287 ASAIA EIsIgiT E3Axl A
= ] & AFE & 2E HHE 1000 units/ml pen-
icillin?} 1000 ug/ml streptomycin SN & ¢-MEMO||
24A17FS & % 100 units/ml penicillin®} 100 ug/ml
streptomycin §H4& 9 o-MEMOZ A|AsIgich

EMD(30 mg/ml)= 10%2] FBSS} 1%9] A4 L
(penicillin G sodium 10,000 units/ml, streptomycin
sulfate 10,000 ug/ml, amphotericin B 25ug/ml, Gibco,
U.S.A)°] 5 « ~MEM HiR|9} acetic acidE o]&3H]
2 ywdz s

4, MZ EE

Bjo¥eh 2|5 RO S 0.25%9)] trypsin®} 4 mM
EDTAS 918t Aaxgolo]] WA 37°ColM 1082t wh3
AA EA 7 F, 91200 rpm, 4°C, 10831 =73t
et 10%9] FBSQ} 1%9] A &H, 10mM Naf-
glcerolphosphate(Sigma, U,S,4), 50 ug/ml2} I.—ascorbic
acid(Sigma, U.S.A), 82 107 M Dexamethasone
(Sigma, U.S .A)°] X% ¢—MEM HiAIE 8|3k o] HY
Ao R AE7} 5x10° cell/mio] HE=E Stk 24
well HJOFHA](Nunc, Rochester, NY, U.S A)of X2 dH
< welld 74 YXAR & Al27}F 1%l HiAIE well
F 1ml¥ HES F 95% air, 5% COy, 37°C 279 wiF
7l ¥ 717 B elistint.

5. M0 £H

ioF 7%, 1497l ZF well] X HE-E 10744 7AW
o] ZZ} 15ml HHo| Wil 500ul] FA -8H(0.25%
trypsin in 4mM EDTA)S & €Azl & FnlE BEHE
Aeslo] AlEfollo] FUsl=s Egsta Jatdul st
i BHEA7IZ AIE 5 Z7gsH5Th

Y7 [BRTAVT 2R AZEHIM REFCIHEROMIZS] M
Aol 0ixl= g2

Al gobme) ey QUkEA BHE S48
%t 1mM MgCly, 25 mM sucrose, 5mM tris—HCl buf-
fer(pH=9.8), I8]i 2mM p—nitro—phenylphosphate
(Wako Pure Chemical, Osaka, Japan)®| Hhgolg ujg
TH[Gl, 7Y, 14U9A4Y] AT HES Z7F 10744 wellof
A Ao} 25 mM9] sucroseBHOZ K2 I hA] A2
24 well Wi A2 &2 Fuiet e 2 welld
300 Yol A2 Aglo] WES sk, W3} A
E-A2 Auo] Solsks 24 well W} HAE 37°C 42
2§74 W] Yol=E 3191, 308 Fof 24 well Hj
oF HAIE L& 9ol AXAZ1T, 0.1 N 1,5 mM2] NaOHZ
Wrte s Whe-E FAAFI. 2 wellollA] ¥hgo| Uoj
W QoS 200ul¥ 96well HiFAAE $7]1l, spec—
trophotometeryS 0]-€3}0] 405 nmojx| SH=E A3}
Rt T Qutaad] B442 E3jE pnitrophenol

of o vehygick

U QEL BAS ST F, ATt F3Eo
5 mM9] sucrosed]} 23] M& T 10%9]
SDS(sodium dodecyl sulfate, Sigma, U.S.A)S 100 w4
H71sle] ESolTHA Mg Sl &, Alze]
%55 Bradford?] W2 Bio—Rad protein assay
kit(Bio—Rad, U.S A& o}&d)A 595 nme] ZYE= &4
SRt FHEE UAge R s Hsle] BSAE E
zoz sl
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o) NE7F uligFE A AEES 1Y, 149R A2
24 well HiOF AAZ A welld 1.0ml¥ 2.5% gluta—
raldehydeZ Jt}, 4°CollA 2087t 11743t 5, PBSE A
gt B 1% OsO4(Electron
Sciences, Fort Washington, PA, USA)S o|-83}c] 208
B £ S st ollgkEellA 70, 80, 90, 95, 100%
SAZ Aggs S AN F, 2L Fuist 3o FA

G B RSREaE 2 o 5
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9. EAIXE

EARAE Y5lo] statview(version 5,01, The SAS
Institute, CA, U.S.A) Z2 IS AMSIGTE BE g
Bl 7 270 2R50] YRR (one—way ANOVA)
W ARSSIT, AT S Faol $olg Aol
=  FeRoAbagdu (Fisher's
nificance difference: PLSD)22 AL FHA¥(post—hoc
test) & 2a5te] Aol FHEHALE

protected least sig—

Zu}

1. MZ2| 23

¥ 790} 14900] S 24 Ak ofEAE HediA]

5
&2 SdEL vlasige u, BE FolA FeHdA

CHetRIZ=nIsia|X] 20084 387 4%

o AE ZAS Hyon TON €3] 3 100 ug/ml ¥
o] EMD it ZollA] F-el Al 7P =& AlESA0l
yepdet, wiok 79 % 149 25 EDTA 23] $ 50 ug/ml
2 100 ug/ml FE=2} EMDO) ujget oA EDTAR &3
Tk A7 ol viE) BARECRE JO Qe AMlESA0]
T ITHp<0.05). ESE wiok 79} 149 BF TON o
3] % 100 ug/ml =2 EMDo| wieRet oAl TCNeE
St AJ7] 2ol vjsl FASH R GO Sle AMlESA
o] TEEUHp<0.05).

uioF 7UR} EDTA B3] $ 100 ug/ml 5% EMDO] Hl
ket oA 25 ug/ml FE] EMDe] vt ol vlsf 5
At og o Sl AMEFAl0] TAEQIA, TCN A
100 ug/ml 5=2] EMDe]| viFH oA 25 ug/ml F=
o] EMDe] wiFet & 9 50 ug/ml F=2] EMDO]| st
2o vja] BARMCE o Sl AlEFAle] WAES]
THp<0.05).

Table 1, Cell numbers of PDL cells cultured on dentin slices at 7 and 14 days(numbers/mmg)

Day 7 378 532 588 628 722 732 655 692 824
1334 144 4 1772 166.6 £100.2* 185.8* 157.0 +100.5 +137.0**

Day 515 930 998 1074 1298 1378 1120 1178 1512
14 +34.7 +90.3 +97.8 +128.8 +130.7* | +142.3* 12110 +117.7 +216.1*

" Statistically significant difference between EDTA+EMD group and EDTA (p <0.05).
" Statistically significant difference between TCN+EMD group and TCN (p <0.05).
T Statistically significant difference between the EMD concentrations : confer Figure 1.

Cell numbers of PDL cells

2000 .
1800
1400 aTCN
1200 0 EDTA+EMD 25
1000 w EDTA+EMD 50
800 BEDTA+EMD 100
600
a TCN+EMD 25
400
O TCN+EMD 50
200
u TCN+EMD 100

Day 7

Day 14

Figure 1. Cell numbers of PDL cells cultured on dentin slices at 7 and 14 aays(number/mm?),
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05),

** Statistically significant difference between TCN+EMD group and TCN (p<0.05).

t Statistically significant difference between the EMD concentrations within EDTA+EMD group (p<0.05).
t Statistically significant difference between the EMD concentrations within TCN+EMD group (p<0.05).
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HjeF 1494 EDTA €3] £ 100 ug/ml 5= ¥ 50 ug/ml
s=2| EMDe] #iofzt ZollA 25 ug/ml =9 EMDo] Hj
&3t ol s AR ol Q= MlEFAlo] T
E33l, TCN A2 £ 100 ug/ml 55=2] EMDO]| vigRet <
oA 25 ug/ml 5] EMDO]| HjoRRt <+ % 50 ug/ml F=
o] EMDe]] vt ol uls BAEH R {2l Sl= Al
ZzAo] TATTHp<0,05) (Table 1, Fig, 1),

oY T2 0L B 2 Al 12 A 1
29 BE 3o 2 2ol uls) BA%
4o fepol PR WHAS Dol PR,

ok 79 @ 149 ®= EDTA B3] & 50 ug/ml 'Y 100
ug/ml S5 EMDO] vloReh ZolH EDTAZ R3jet A)2)
Fol ulsh SRR ol gl el ko)

HE7IHREADE €| AZRTOIM AFEQICiEROMIES] a5
ol 0ixl= g2t

o] BAESIKp<0.05), E3F ik 74} 14U BF
TCN €3] 3 25 9 100 ug/ml 5=2| EMDf wig3t o
A TCNOZ 39k A7l 2ol vigl BAGH s {o
U= YLE QAR A9] o] TAEITHp <0.05),
WOk 79 9 14947 B EDTA €3] T 100 ug/ml 5%
o} EMDe]| Hjokst FollA] 25 ug/ml FE D 50 ug/ml FE
o] EMDe] vt oo Hl3)] AR folg Q= o
Zeld Rkaae] gdo] BT, 50ug/ml FEY
EMDo]| ¥R o2 25 ug/ml 5%9 EMDo| skt <o
vjaf FAB R fold Sl gEEd ikl 24
o] AL, 100 ug/ml F=O] EMDO] BjURt - 50
ug/ml =] EMDo] st o vla) BASH R {9
4 e 9 QALY o] THEGR, TCN &
3] & 25ug/ml F= ¥ 100 ug/ml =] EMDO]| iRt
oAl 50 ug/ml HRGRRE 2o Bje FARFACE ol Y=
azteElA) QAHEAC] BAjo] THAEIQTHTable 2, Fig, 2).

Table 2, ALP activity of PDL cells cultured on dentin slices at 7 and 14 days (nmolPNP/min/ug protein)

Day 7 65.1 79.6 75.7 80.4 102.3‘ 125.6. 117.1" 83.8 117.?
$10.3 +14.9 127 +16.4 14.4 $12.0 +11.6 +10.6 9.8
Day 14 80.1 101.6 109.1 106.1 128.? 151.7' 138.0" 1126 139..1'
$12.3 +15.8 t7.0 17.8 8.7 1141 t134 t11.2 9.2

* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p<0.05).
t % Statistically significant difference between the EMD concentrations : confer Figure 2.

ALP activity of PDL cells

180 r
160
140 +
120 +
100 ¢
80 |
60
40 |

B0

mEDTA

OTCN
OEDTA+EMD 25
m EDTA+EMD 50
BEDTA+EMD 100
BTCN+EMD 25

Figure 2. ALP activity of PDL cells cultured on dentin slices at 7 and 14 days (nmolPNP/min/ug protein)
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p<0.05).
Statistically significant difference between the EMD concentrations within EDTA+EMD group (p<0.05).
iStatistically significant difference between the EMD concentrations within TCN+EMD group (p<0.05).
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dioF 79 9 149 BE EDTA X&) & 25 ug/ml 2 50
ug/ml %8| EMDo| w3t o4 EDTAR 3Rt AJ%1
2ol vjE] BARA R fo Sle TEi o] T
AtHp<0,05), E3} vjeF 794 TCN 2] & 100 ug/ml
5= EMDe] uigRet FollA] TCN2Z 23|t A7 2o
vjal BASIH R Folg Sl Aol TR
<0,05),

ik 797 EDTA Ag] ¥ 50 ug/ml 552 EMDO| Hj
oFt Zoll4] 100 ug/ml 5%C] EMDO| vieFst ol H]aj

CHBHR I=nEESIX| 2008 38H 45

SAgHdo] WAL, 50 ug/ml F=9] EMDO) uokdt
oA 25 ug/ml F=2] EMDO|| vkt 7ol vls) SASH
Hog ol gl Aol TAE TP <0.05),
8§ 1497 EDTA X2] ¥ 50 ug/mi 55=2] EMDO] uj
oFgt ol 25ug/ml 52 EMDe] wfekst o 2 100
ug/ml §%9] EMDY] st o] vl SAHoRE &
o gl whldshgo] WEESA, TCN Az $F 100
ug/ml 5% EMDe|| wigeh oA 25ug/ml =9
EMDo] HjoRgE o] Hsf EAEE R {4 e o
o] TEE|%A, 50 ug/ml FES EMDo| vigRt o
oA 25 ug/ml FEO| EMDY| BjRRE o] Hls] FAISH]

AR fol Q= iAol TAE, TCN oz {oA Q= whlzskAo]  EEQITHp<0.05)
A2] 3 100 ug/ml 5=9] EMDO] 8RRt FollA] 25 ug/ml (Table 3, Fig. 3).
3559 BMDY] st 2ol i) BAREoR fely Qs
Table 3, Protein assay of PDL cells on dentin slices at 7 and 14 days {ugorotein/mm’)
: EDTA+EMD TCN+EMD
EDTA | TON , e e
25 50 100 25 50 | 100
Day 7 6.51 6.95 7.80 8.92 9.13 7.88 724 8.76 9.05
a
y 10.60 +1.41 +1.22 11.76* +1.36* +1.50 +1.40 +1.52 +1.41**
Dav 14 8.89 9.04 10.82 11.16 12.93 10.03 9.72 11.30 11.98
y 11.03 1.1 +1.21 +1.58* +1.85* £1.19 11.42 +1.41 +1.57
* Statistically significant difference between EDTA+EMD group and EDTA (p <0.05).
** Statistically significant difference betvyeen TCN+EMD group and TCN (p <0.05).
T 1 Statistically significant difference between the EMD concentrations : confer Figure 3.
Protein assay of PDL cells
161
BC
ur m EDTA
12y OTON

0O EDTA+EMD 25
m EDTA+EMD 50
EDTA+EMD 100
B TCN+EMD 25

Figure 3 Protein assay of PDL cells on dentin slices at 7 and 14 days (g protein/mm?),
* Statistically significant difference between EDTA+EMD group and EDTA (p<0.05).
** Statistically significant difference between TCN+EMD group and TCN (p<0.05).
Statistically significant difference between the EMD concentrations within EDTA+EMD group (p<0.05).
iStatistically significant difference between the EMD concentrations within TCN+EMD group (p<0.05).
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Aol olxl=e G

4, FARXS0E B HlY 14%_13*114 "*P‘*X}dﬂl 74 ﬁ\JFJ ESF 2E oA 1

diok 19 W 14URel] ZF O] AT HH] B3E AF GRo) g ﬁ% HH %—’}‘-A} 2ok ue, /xﬂ‘“%?}?}
Ao EES SRS B8 BEen W 2 oads g i
OF 1979] BE FolA ATHA ol F RAE WAL Gjuk 3 o) v S AEavt SR adE 2R
2oyo] AFIfAfopaLrt TEHGO, 23] A2 & o

og] o] EMDo|| ekt St gajAt 3 2 Alolo]  QlrkFig. 4, 5).

B UOE AR P AolRe 9T e ot

b2

Figure 4, SEM views at day 1 after seeding of PDL cells(*<300).
A) Control; B) EDTA; C) TCN, D) EDTA+EMDZ5; E) EDTA+EMDS0, F) EDTA+EMDIO0; G) TCN+EMD25; H)
TCN+HEMDSO, 1) TCN+EMDIO0

Figure 5 SEM views at day 14 affer seeding of PDL cells(*300),
A) Control; B) EDTA; C) TCN; D} EDTA+MDZ5, E) EDTA+EMD5SO; F) EDTA+HEMDIO0; G) TONHEMDZ5; H)
TCN+EMD50; 1) TONHEMD100
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Old2, ZEY, MUAX 0l8F

nE

HammarstrimS AR 2222400l Ao enamel
matrix protein(EMP)9] AR Qefje] X|F2Z\T}F AR
=gl Kssicn s, 42 Dk eirdos
AFEA Al ) AT glort 1 %871 of
Slolt= ok BatshA webd AL siek EMDe) ciajet
A2 A= EMDO| ZEo] Sl= EMPO| 7118k,
o] ghlido] ZZEo] Q= thE AR & fibroblast
growth factor, insulin-like growth factor, epidermal
growth factor, PDGF-BB, TGF, interleukin 52 $&3}
He 20| QI%=d| Gestreliuss= EMDE= AARCIXE &
Wohn QAs oponl ©X) AEe] o 47)dit
matrin @ AT AT, Yol o T 4
ollA] EMDO} #-&0] AlfrobaaLe] Falo] folgt Ans B
QUcka SATF”. Lyngstadassts EMDO] Z§3jof A &
o] Z7kE AL BYoRM o] JpPe shpdspn”
Haase 5~ EMDOIA} growth factorg 5+&3}4] £ o,
EMDe= Aot 2] mRNA E43E S7KIA %
7] Aol 71oigkek Barsiiny,

EMD7} A E= APdolM ANERE o 2 A3t
T B9l #ES d7-E0] HuEn glon, oz 7MdEe]
ANHAS | Hasse 5-& MG Aoz
A EMDe] 7|2 94 5hg 2ARE A} 27) A @A)
o 71 e A 24 AqEE 7R oA &
AT, Hakki 5-& 9| w23} JEE dpfos EMDE
AT A}, o3| E= ol ELY Jol 2R g

A 7KL glen], EMD: ol2fgh Al EEA
T UL, oA AT o] WY TAo)A 4]
~7tg A% Zgo] Fasichs AL AR sigi
Ohyama 52 7t4 AlZo] EMDE #8171 Zat e
kel FEAel foMIAl K san”,
Hoang 52 AF2A Ao EMD7} &7t Gl R
EMDO| F/48Q ofdzAlde] SARRIsNT Hejzoa
S she e 7RI glom, wgdot susinke
A% 3HA o) thRolata s 4 5 A4 27] A
++ DA EMD7E ZUE F710F A TAdel & 7]
5 vehgickn 2usiny?

B2 A7olM EMDS ARSEE 9] 2 Halof] ofisf
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Basta glovh 394 g AFEE ULk Chong ¥
< EMD} opflZAldo] XFQIch oA ze] Fajof
71945 SHA] F3tThal 819, EMDE] ThE g 947} o]
23t F4 U ofFe] HofsiAY, oFERAe] thE 84
o B3k 2ol glofort mnrt veRd S Q1S Aoletn
H1a97"”, Pischon & organoid culture AFEjoflA|
EMD7} o) 9HdS: 57 4= glovt, 714 g3t &
SHmineralization)& $7IA|7]A) F3htha shgek”.

ARl EMDY] sl A o7} A7t AYE =
g, o= F=7} HHolgks AEL ofF] 14ex] ok A
olc}, Ao wlz} 0,08 ug/mlolA] 30 mg/ml7kA] ThFsHA|
HAECE Davenport 52 25ug/ml, 50ug/ml, 75
ug/ml, 100ug/ml®] FE=Z AFIthAlFotAlEe] EAdat
R A= WARE Fa), 4L T2t 2245 74d)
FOHTL s oLt Bake solzo s, Cattaneo 5
< 100 ug/ml®] FEE A FotA| 2] Azt &)
E WA, Chano 52 3 mg/ml} 30 mg/ml9) F=
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