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MC3T3-EIEEF 5T L RT3

e MRS R I EAE ER AER!
P EH RFUREFIR; 2#&51[;&%[1%%, H 310053;
34T 2T FE K F a et fe i 5 b, BT ST 1011-1109

(HWE] BE MR (NAR) BEETESERAED (BMP) 20HARSMNE IR BCE AT A2 fEMC3T3-E 135 |
BRPEREEREE (ALP) TGV XBLEAHISEIEHALP, H458 (OCN) | seEFE Rt HF (Runx2) . T BURJE (Col
1) Rikmsgmi, & LUSCEAARMC3T3-E LR A28 g7, i Alamar blueliiill g1, 417K 3%k
AR FENAR (10, 10011 000 pmol L) B I LA K 43514550 ng-mL-! BMP-zﬁaé%%E'mMcsnElémﬂ@i@aﬁg
JIRYFEM o [F)ITE S AN TR E - A0 N ALPTE 1, RIS o i SRS M6k S, ( gRT-PCR ) A6 A AH G Ak
HALP, OCN. Runx2., Col I f#ik, GR FRAINARFIF KA BMP-2H B REMS AL S AN ARG AE , TENARWKE
100 pmol- LA F) 5% ( P<0.05) , HiZHEENAR 5BMP-215 41 FH I B R B T i B ( P<0.05)
FAINARK S A BMP-24il 44 dFN7 dist ¥ e dE AN ALPIG 4, 100 umol-L' NAR 5BMP-2BkA1E I ALPY 1
iR (P<0.05) o 100~1 000 pmol L' ANARSIM L AAE FAEA T FREfEFALP. OCN. Runx2. Col I Wi
MIEHLN R, 2518 NARBEA LI E ANARMCIT3-E185E . 434k, FLE B IE AN ARFIBMP-245 P [al A i
HEVEHT.
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Effect of naringin combined with bone morphogenetic protein-2 on the proliferation and differentiation of MC3T3-E1
cells Xu Gaoli'?, Liu Yi'?, Wu Lili', Shi Qiutao’, Huo Guang', Gu Zhiyuan'. (1. School of Stomatology, Zhejiang Chinese
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[Abstract]  Objective This study evaluates the biological effects of naringin (NAR) joint bone morphogenetic protein
(BMP)-2 on the proliferation, alkaline phosphatase (ALP) activity, and expression of osteoblastogenic genes, such as Runt-
related transcription factor 2 (Runx2), collagen I (Col I ), ALP, and osteocalcin (OCN) of pre-osteoblasts. Methods Three
different NAR concentrations (10, 100, and 1 000 pmol-L") were applied, alone or combined with BMP-2(50 ng-mL™"), to
restore the osteoblastogenesis of pre-osteoblasts (MC3T3-E1 cell line). Cell numbers (proliferation) were evaluated at first,
fourth, and seventh days by Alamar blue assay. ALP activity and the expression of osteoblastogenic genes, such as Runx2,
Col I, ALP, and OCN were analyzed by quantitative real-time polymerase chain reaction (QRT-PCR) at fourth and seventh
day. Results Stimulation by NAR alone and in combination with BMP-2 for 1 day and 4 days could promote cell proliferation,
which peaked at a concentration of 100 umol-L"' NAR combined with BMP-2 could promote cell proliferation significantly
(P<0.05). Stimulation by NAR alone and in combination with BMP-2 for 4 and 7 days could promote ALP activity and
bone-related gene(ALP, OCN, Runx2, Col I ) expression.

datd 2()?6-03_04; ”I%@‘E ,H‘}i] 2017-03-10 ALP expression was significantly promoted after stimulation
[EE£TE] #iTa PEARHGTHIBIH (201428028 )

MEZ A r5i, Wil E-mail: 852819264@qq.com of 100 pmol-L"' NAR and BMP-2 (P<0.05). Conclusion
[EE1EE] Bot, JHl, W1, E-mail: 495974415@qq.com NAR exhibits promising potential for improving MC3T3-E1
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proliferation and differentiation, and appropriate concentrations of NAR and BMP-2 show synergistic effect.

[Key words]

B 2 LR RS A0 AR S FVLIN B AR
AIRTPE AT, 5 28 R 2 Al IR 24 25 2 1 s 0 T ey 9
W, AR e E X TR AkE B, 1
HA—EmMRRYE, ey R B HE X I AR,
1652 B ERADIAE 1 s L AT AR S R AT AR S
ERMPEL, HREE O M= R AR, A
B PR AE A o E N AN A . AR
SRR AN —, BIESRASEN (bone
morphogenetic protein, BMP ) &—FhZIiHe4: KA
-, BMP-2J&15 5 il 40 A 1l i i B 22 i A L M
SR, ZHERRMERD, FEEEE
BB R % [ ( Runt-related transcription factor
2, Runx2) . ‘H#5%K (osteocalin, OCN) . BllEm
LM (alkaline phosphatase, ALP) . I A% 5[

(collagen I, Coll ) S FHCENMNERL, =
T =tV 0 A i = 95w 1K = ) e =
KRR, HEANEESLAER (recom-
binant human bone morphogenetic protein, thBMP ) -2
AT E ISR S A RS O B 22 5 . SRTMTBMP-2
AR ARAE Ml SR R ), AR T
AINETT A, [R] st s >F g 77 1 @ R P A9 AT R
R LI R B R R . R 2 23R B S e
MRERE, HAEVRYTE B0 TEA IR A R I s ik
FEZ 1T (naringin, NAR) &H AN EEAFEE
PRy, HARNESRE . RYTE AL . 2
BTSN, HATWEST BoRNARXS B E 4
L YE A A —E AR HEVE IO, o e] i i A T L
3-8 ( phosphoinositide-3 kinase, PI3K) . #7%d
FRI4 M ( threonine kinases, Akt) . c-Fos/c-JunFllj#
154 -1 (activator protein-1, AP-1) 525 S BMP-2
PRIk, (EdFRUE ARG EE . bR, H
Rz, ARAE R A5 A, £ G
A2 R S, AR R RS TR

ARSI R BB R AR IMC3 T3-E LA T 157,
WLEE A ] BN AR B 55 BMP-215 A1 B of i 4
Ja3EsE . ALPTEVELRL K R EENALP . OCN
Runx2. Col | FRKikH#M, HNARFBMP-27E i K
R B B ) R AR LS AR

1 #MEFnF*E

L1 R e
R AR ZAMC3T3-E1 (iR 40 i

osteoblast; naringin; bone morphogenetic protein-2; proliferation; differentiation

) 3 HANARFA (gt BRI A BRA
H ) 3 AR IR R a-MEMANIRZE I ( Gibco™ In-
vitrogen/yFl, ZE[E ) ; thBMPs ( R&D Systems Inc,
EE) ; AIMZSHEIK ( Sigma-Aldrich/AH], ) ;
ALPKG A4 ( Wako Pure ChemicalsZyw], H
A) 5 BCAHE ARG ( BigE s RAEYHEA
ANFE]) 5 BRNAMERAF & ( Giagen GmbH/AF],
Tl ) 5 SR RN ISR A R A R (quan-
titative real-time polymerase chain reaction, qRT-PCR )
A4 (TaKaRaAHE], HA) .

1.2 ik

121 SEBRRITAr4l SEgmdtsrgsi: 1) XA (A
2 ) ; 2) 50 ng'mL"' BMP-2 (B41) ; 3) 10 pmol-L"
NAR (C4) ; 4) 10 umol-L"' NAR+50 ng-mL" BMP-2
(D4) ; 5) 100umol-L'NAR (E4H ) ; 6) 100 umol-L*!
NAR+50 ng'mL"' BMP-2 (F4) ; 7) 1000 pmol-L"!
NAR (G#41) ; 8) 1 000 pmol-L"' NAR+50 ng-mL-!
BMP-2 (H4l) , A6 MZ L.

122 4iiffisssE TR fIMC3T3-ELI%E 5 T
H10%64-1M3% ( fetal bovine serum, FBS) [Jo-MEM
Bk, B3 dliE AL A THRBCE KN R4
MiERN24 b5 T LL1%FBS-a-MEMYLiE 5524 h, i
LIRS FEAR —3, SR /e G TR AL AR
[F % B N AR SR FIchBMPsiEA 715 S0, 483 d
HURT R IR AL L) M R, T A5 . ALPTE
EV = EP S S Sp alll 8

1.2.3  ZMAEIEFEAGI >R Alamar blue J5 6N ANF]
He FENARFAAFNIrhBMP-2XF MC3T3-E 1 40 it 48 5 ) 52
M, AR AL 104 2400, O 42
FBEEFRL. 4FN7 A AR, ARHEQuant-iT™
PicoGreen dsDNA Reagent and kitsia5 & 15 BH i
IR NAAZ , Ex480 nm/Em520 nmistlze G255, il
135 A ANMIDNA S i, e S 20 B B4 TR 5500
1.2.4  ALPTEVERIN AR LAREAL2x 103 MERD T61L
B, WSCHUAS LA 774 dRNT dJE AN SR,
K FLabAssay™ ALPAS 50 ke 20 it S e b
MALPIG 1, FHBCAZE 1 2 I 1701 0 A0 4 it
SR IR . A 2 AN MR ) AL P IS (B2 AR
7 (A 20 R BB T A, SRAS A LA ALP
TEPEME

1.2.5 qRT-PCREGISCEAHCEE R RIS ML
L2103 MR oL, A LRIFIESR4 A7 dE
FEEREFRIAL, PBSIEVE3M, RHIRNeasy Mini Kitfil
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RNase-Free DNase Setirl | G 4L ERNA, Al
LD B R Se e, 2afilie st N AR cDNA
PIB-actin W ZKIEH . AL Hillreal-time PCR 20 pLJZJij
K%, PEA7qRT-PCRAZIN (S B 2R I 15 &
FEIBERE ), SN 58 B SR T 1 2 A A it £k
3 HIT o DR R IA B DAAS I 3 DR ) ) 4 AR o 3R

(2:48¢t)  FIREIYIF A RS R R SR A R
wlER, I R,

*z 1 3|55

Tab 1 Primer sequences

FEH Gt Bkl

ALP NM_007431 F: 5’-tgcctacttgtgtggegtgaa-3’
R: 5’-tcacccgagtggtagtcacaatg-3’

OCN NM_007541 F: 5’-agcagcttggcccagaccta-3’
R: 5’-tagcgccggagtctgttcactac-3’

Col | NM_007742 F: 5’-atgccgegacctcaagatg-3’
R: 5’-tgaggcacagacggctgagta-3’

Runx2 NM_009820 F: 5’-cactggcggtgcaacaaga-3’
R: 5’-tttcataacagcggaggcatttc-3’

B-actin NM_007393 F: 5’-aggagcaatgatcttgatctt-3’
R: 5’-tgccaacacagtgctgtct-3°

1.3 St
KHISPSS 16. 081708, 1THRERR I 25

30007 80001 210001
225001 7170007 3180001
: £60001 & ]
20007 ~15000
2 450001 &
< 2 Z12000
515007 £4000- <
1813 000 1 I 90001
4110007 pe 41 |
= 2000+ < 6000
500- = 000 z ]
A 1000 & 3000

0.

Pr, DILSDIL#EATHIMI LA, LIP<0.0502E5% BA
et E Lo

2 R

2.1 A FE RN

Alamar blueli 45 R K] . FFLINARRFL dFI
4 AP REME IR AE ( P<0.05) , T M LT
J& FRERESE, NARMKEE H100 pmol LBk 3 5
W, SRIMAERE ST dJi, 10~100 pmol-L'AYNARIIHE
{40 Mt 58 ( P<0.05) , il 000 pmol- L'
NARXH UG s A TIEN, BASO T E X (P<
0.05) . A[HENAR SBMP-2I4 75 I 4N AR
B S RE A A ARG S, 100 pmol L' UNAR S
BMP-2 A5 B FERSCR S B . (P<0.05) (&
1),
2.2 AU ALPYE PEAG I ZE R

ALPYEPESR I A B e i) R 8 PR ALP
TGRS, NARBRA LA BMP-21E T, ALP
TEVER R IR ENARWR L 256 FIHE TR, 16
NARMEFEA100 pmol- L' iA #| 1 4 {E (P<0.05).
100 pmol-LANAR 5 BMP-215 &1 IR ALPYR M
PR, WA THARA (E2) .

A'B CDETFGH
A5

0.
AB CDETF G H
4151

Fee 1d; W 4d; A 7de

0.
A B C D E F G H

25

Bl 1 NARHU I IR BMP-2 058 B (A2 fIMC3 T3-E 1 2 IDNA {5 i
Fig 1 DNA content of pre-osteoblasts (MC3T3-El cells) after NAR alone and combined with BMP-2 stimulation

0.124 6
T600.10 To0 5
= =
= | =
20.08 S 4
= =

+70.06 37 -
®0.044 =24
= =
30.024 314
5 0.02 Sl

0- 0- T T

A B C D E F G H A B C D E F G H

2H3 ZH3

e 4d; . 7d.

Bl 2 NARHUI KIS BMP-201308 1 AT A A IMC3 T3-E s 4 ALPIE P 5 50
Fig 2 The ALP activity of pre-osteoblasts (MC3T3-El cells) after NAR alone and combined with BMP-2 stimulation
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2.3 B A CHEE A R FakGh

PG ERALPTE MG Z5 5K, NARBAKLE—E
VR BV N S v B A ON 2, 0 TR TR R 3=
IRKF-HEBAH S RN AR FETEFE A7 10~1 000 pmol L

B E RPCRE /R AYLE R 1] L. NARZE100~
1 000 pmol- LB EfEHERunx2# 1%, 100 pmol L
[INARS5BMP-2A hEMESEVER, JLH 24 difEA
o ARSI T Bk A (P<0.05) o 7E10~
1 000 pmol L' ¥R BV N, NAR FiZHiBALPIE A
FERRPHR RN R LAY, 4 diF1 000 pmol L
XTALPIE R [ FE R i i (P<0.05) o H4INAR

300

250 1

4d 7d

3]

(=

(=]
1

Runx2: R} # ik &
“w o O
o (=} (=)

"ABCDEFGH ABCDEFGH
4151

4d 7d

1501

"ABCDEFGH ABCDEFGH
4151

HB—47: A Runx2; fi: Col 1. 2547

I
X

OCNEE P HH X2

P NARIK S BMP-2 434 dF17 disf Y RESE SN i
Col I mRNAKJZEIE, 4 diff10 pmol L' FUNARIE &
BMP-2fiE ] BAE#ECol I mRNAAYZEIE (P<0.05) ,

7 dBF100 pmol- L AYNARHLM il F K 5 BMP-21534
BB EMRIER (P<0.05) . FAINARKIE K NAR
A BMP-2534 dF17 d4aEM I BALEAIfEOCN
mRNARFRIL, BRI, FliE W AY3G K,

PEATE I, JoHAESE 7RI, 100~1 000 pmol L)
NAR U S B6A BMP-2244 B 4E M (P<0.05)

(E3) .

4d 7d

"ABCDEFGH ABCDEFGH
205

14007

1200+

4d 7d

10001

8001
600
4001
2004

0-
ABCDEFGH ABCDEFGH
4151

: /£: ALP; £7: OCN,

3 NARBAMZ A BMP-2 4 A B AN MC3 T3-E 15 AU A SESE K ek 1 i

Fig 3 The relative expression of osteogenic genes after NAR alone and combined with BMP-2 stimulation

it

3 3

Bt 11 JE PR A8 52 B AR A PR R i, v i B
R T 2 PRI AR R B BB S 2 9 A R R 1)
B, SRMIB B . B JBTBAL 55 ™ 5 M o 1A )
Sia Rt ErE, EESEUEE RN, IRIKR R
AT ARTRI B B85y B AIAE B b RE, (e Rh R 1A
BRI DX P BT B B RN TT B AR DGR B
2y, NARZH FEIEMESR S, i A28 T A
WK RANFZ 2R . Wong S50 5 [f) e fi 15
PAIEBAEA R, & BENARES A L i RE
RO BB A AR, HACEERLT AREE

f, MBEHANAR AT HEAE B BRI . NAR
AT R A S R . A AR U FIBMP-2 (1) 43
i, RS RCE DG Bk A A A A A
F (basic fibroblast growth factor, bFGF) | &%
FEAE KA F-1 (insulin-like growth factor-1, IGF-1) |
Runx2., AUHE AR HER (Osterix ) FIMERER Z K
(‘estrogen receptor, ER ) aZERP mRNARJ KA,
[FIEf o m] IS 5E ERo, ERBAICOL I A4, i o
RGP R R RUEAE AU, 53— )7 HINAR
AT DL il A% kB2 AR & AL R FECAAR (receptor
activator for nuclear factor-x B ligand, RANKL ) %
HHE ¥ (nuclear factor-kappa B, NF-xB) #l
Y B M5 JE T B ( extracellular signal-regulated
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kinas, ERK ) 476 A BH LB 40 i A TE B LA 2
E W) A A0S NAR AT L 3o 3175 15 200 e % 1
B G2 [0] (R PR AR, AR R R, A
A& 5 B it o

BMP-2:li % & I R B 55 Tl gz —, W]
W F IR Msx 258 PRI Wnt {5 58 AL UF B+ 40 it
BB, RS S S5 5 % 2 8 1 Smads i
L FOsterix B K, F#7ALP. Col [ . OCN,
B EM (osteoprontin, OPN ) 55 ZH 4l i [ 11
FEIRAR RO, SRTTBMP-2 1 PR AT &% fef 70
e, RPN, X B ERVRENE R
P, BRI R HIBMPS A — & B R
N, QR A . S AR, R
PRIV F# A JRy B

MC3T3-E 1241 f bk 2 A7 AN G 55 BB 240 1 ) 45
FhA 2R, 2 RAFROIRIME SR BB Al bk, ©
2NN T 55 2590 5% R AN B T (A A B AR A
YHPIAERINT AR 25 A R AR A5 1 R A4 K
10~1 000 pmol LY I, NARFIHIEHIFINAR
L BMP-28 AV FIHA RENS f 25 b AIe 0 1l B 4 P8 5,
HAE100 pmol- LA FIIEAE, 7] WNARXS i 4 58
PR EVE RIS — 2 MR BRI o SR TTAESR T KA,
1 000 pmol L FNARXS 4 I A FE AT S VE T, T
AEHE /R TE 25 7 K B MR BE AN AR A E 4 B 434k
Eo

ALP M 2 it B 20 i R o fh i 48 b
ARSI PTERRA . TR PR I 1] Y I AL P 11
o, FEH AR . ALP. OCN., Runx2, COIl
I B2 E i s b Fatn . Runx2 2B K Bl 719
PR JE, 2 RCE AT IR e bR, RS IS
BEEN ., HFE. BHEEMA (bone sialoprotein,
BSP) FICOL I K A% s FZ k08, Col T T H A
B AR A A, SE H Runx2 5 COIL T B H AH
] a4 R Runx2 5 COL T W2 MH IS bR, 17
FERIR N, Xt RSO 9T 20— %0, ALPZ N E
0 A bR s . OCNUE: 24k 0T R B 4 i 43k
PR, AT W nl B 20 B i s BRRR Y 2 i 4l
LA BR A 22 2 R AR I B 25
WEETE R, RN AL i R ) AR B3 . SR
NARFMIBMP-27Ef£ #FALP . Runx2. Col I . OCN#J
FRIHAFEERN, $2/R 18 B N AR B K A
BMP-25E1% M\ A 2 I H2 s MC3T3-E 141 1531k
FHAESLEH, 100 umol- L' NARIK S BMP-25k &
TR AN, HEsE T, ALPIEMELU R ke 1
R FH4E100 pmol L NARFIE AN 4L BMP-2
I, PRIZHE FINAR S BMP-25F i 40 i B A

PRRIVERT, AT R Sk (R A s (5 S A
%, HEAPLHIA R — 0T,

ALY T NAR S BMP-2 A5 A4
FH, R PE B FINAR 5 BMP-2 HAT B EIFE T,
AR S AN 3G AR . RIS . ZNARSK
Pz, AR/, TiBMP-2 A g 2 16 Pk e i
SR E HFZ—. MEMBAHESIERN, A
REA B E TR A, 1 H AR RS T G IRIR T B
BB AS , 4R TIRTT BT, B IA YT B
IS ICTIE , A RIA T B SR B T i S B A 5%
Tl
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