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1.2 FEMFS5iKF  Real-Time 7500 PCR Sys-
tems ( 3 [E Thermo 23 ) ; SUAAISETIV B bRi¥ (
[E Bioteck 2\ #]) 5 240 M T 501X ( 38 H Nexcelom 72y
A]) ; L-DMEM 35773 ( ZE Bk G /R A 2wl b
A MAT) ;CK $iik | Vimentin HUA (L5424
WAEDFHARAFRRAF) ; OPN Filk  OCN Hiik BMP2
ik (% E Abcam 23 ) ; FGF18 ( 3€ [E PEPRO-
TECH /A7) ; BCIP/NBT i 11 5 % i} ( alkaline phos-
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A 5 HOEE-3-BE R I S ( glyceraldehyde-3-phos-
phate dehydrogenase, GAPDH ) ( [ Y0 V5 4= W) L H7
FHBRAFE) s BCA & s IAR & (L Rk E
BHEARATAD)

1.3 FHik

1.3.1 HGFs & 3#ab5%e WEEKEREE
JE 35 A RS0 Mk, BB A L R TR AT 4
ZEAEHABI AL 1 mm X 1 mm x 1 mm 2023 e el
F& fER, BUE KRS R4 P3 X HGFs, i & 41 i e
i T R A A A e . —POMRARIR S 0 CK
(1:100) ,Vimentin(1 : 100) , ¥ PV9000 iz 7] & i}
B IRAKE R G KB B R

1.3.2 RFEKRE FGF18 & B #l  HL0.025 mg
FGF18 ¥ A, Fi K B A 2% 7K B i A 50 mg/L #)
FGF18 %, 4% LU A9 4 B, L B & 0,0. 01,0. 02,
0. 04 0. 06 mg/L 1) FGF18 .10% FBS 1 L-DMEM %
Ik KINRIR BHRAE

1.3.3 =& ¥ (methylthiazolyldiphenyl-tetrazolium
bromide, MTT) 523 Uk KORZS R4 P3 A8 HGFs
THAE TTE 2R 96 FLAR, ARG EE S N A & A
AIEHE FGF18(0.,0.01.0.02 0. 04 0. 06 mg/L )
() L-DMEM 53235 6 96 fLERIA 37 °C ,5% CO,
BEEMER1.3.5.7.9.11 d, HSLIMA 20 ul MTT
WL, WEE 4 ~6 h 534 MTT %W, BFL A 150
pl I BEEEAR, RATIR AT, BRI S BE R I A 490 nm
A 4% LW S (optical density, OD) {8, 2 il 4=
INIE

1.3.4 ¥k BUP3 R HGFs, 43 AL 4 At
MR, S FGF18 Al L-DMEM X BE £ it A
L-DMEM, #2455 MTT SZ56 45 5 £ fme 5k B 1 S 52
K70 FGF18 51

1.3.5 #F R miel SWRE L&k A0
18] 8 W BT A P P A AR L, 4T
7.14 21 d JETHAR A0, 25 20 MIE 1 | 42 20 Ff Ak
2L o R I 200 M O B A — BT R 4 VR A i
OCN(1 : 100) #1 OPN(1 : 100)

1.3.6 ALP &R ELEME T THM ANk,
THEUGHRN T 24 FLERFRAR, 43y SO0 41 FIXT IR A
SIIG 4 i A FGF18 1 L-DMEM | X} B8 20 fin A L-
DMEM, 4331F 7 .14 21 d B B AT ALP 4t
TG PE R E A, ALP Y6 f PBS whik)s 40
JH 22 5 F S [ 2 , - o0, I AGIE £ BCIP/NBT 3 (1
TAEW, IR R 5 ~ 30 min, 22F% BCIP/NBT
Yot TR, 2RI K VR R & b R WL, TE 2k e

RO 4% B8 BCA 25 (A 2 s A D5 6 1 I R A 2
FIHRE SR 5 FH ALP A4S0 38 5] 60 6 00 978 Y e I8 1
520 nm 4t OD fH,

1.3.7 ®FaferFzshn 4IEHA T
R T 6 fLEEFRRIEFR 7 14 21 d, INAPE R LG
W, 0 G T W AL ZE I U O, 5% LS
W BELINA 10% S48 T 75 BESEMERE 1 ml, 2 R
30 min J5 , BFFLEUE 100 pl fiNA 96 FLAR , 76 EEER
B2 WA I 5E 562 nm B 4%l OD {H .

1.3.8 Real-time PCR %3 M L8052
filv6 FLEFFEAUIE IR 7 14 F121 d, SRJGHEBLE RNA
MER I, 6 RNA S5 5k A B E 4 DNA ( com-
plementary DNA, ¢cDNA) | #RJ5¥ 3 wg cDNA BEA S
SYBR Green qPCR W{R IR & )5, # 17T Real-time
PCR, K1l ALP ,OPN ,OCN ,BMP2 5K A X 33k =,
R 2 - B T GE 2443 1. RT-PCR 514 /741
k1,

%1 RT-PCR3I#F3I
Tab.1 Primary sequences of genes used for RT-PCR

Target gene Primer sequence

GAPDH F: 5'-TGGGTGTGAACCACGAGAA-3’
R: 5'-GGCATGGACTGTGGTCATGA-3'
ALP F. 5'-AGCGTGACTTGAAGTGTTGCATG-3"
R: 5'-GAAAGGACCTGGACCACACAGA-3’
OCN F: 5'-CGCTACCTGTATCAATGGCTGG-3'
R: 5'-CTCCTGAAAGCCGATGTGGTCA-3'
OPN F. 5'-CGAGGTGATAGTGTGGTTTATGG-3’

R: 5'-GCACCATTCAACTCCTCGCTTTC-3'
BMP2 F: 5'-CGTCAAGCCAAACACAAACAGC-3’
R: 5'-GAGCCACAATCCAGTCATTCCAC-3’

1.3.9 Western blot 523 RIPA 2L ik 24 40 i,
FH BCA 25 1A e B I 5 350 & I e B LR B, SRS
SDS-PAGE #Ele 43 & 8 1 BT, ¥ % & PVDF . 5%
BSA #1412 h 5, 5—¥H1 OPN 44 (1 : 1 000) ,0CN
ik (1 :1000) ,BMP2 HiiA& (1 : 1 000)4 CHEF i
W, RIS ALY B FRIC 0 1gC Pt WPtk s &
2 h, TBST JE VR I VA% J5 158 FH 52 790 76 B I 1l
B ARG BH  Image ] BAFIEAT 2 00T

1.4 Zit=4E  RJH SPSS 19. 0 417583t
ST, EEEAT GRS A B 2555, BT R
ARBELCECR L ¢ 830 #5750 A1 & S8R 0 4%
4 MR FHAES BB R 36 . K 35 7K R U o =
0.05,

2 #HR

2.1 ALRFERIEF HGFs BEFENRMETE
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ANFERA LA FE S ~7 d J5, HGFs 41 41k
Sl FLE B AR AR IE , HES R AR BE P tR (8
1A) . SR fb e 8 /R . HGFs T Vimentin 4T
PRBAPE (B 1B) 31 CK HUARBAIME (B 1C) o RS T
IZAMEAT A R )2 R R BT Ak 0 A= ) e H
TCA R b Bz AR 2%

C

1 HGFs RRUEBFRERAMUFRE x100
Fig.1 HGFs primary culture and
immunocytochemical staining x 100
A Primary culture of HGFs; B: Positive result showed with treat-
ment of anti-Vimentin antibody; C: Negative result showed with treatment

of anti-CK antibody.

2.2 FGF18 3 HGFs H&5E M 7 d 1,FGF18 7
0 ~0. 02 mg/L {EHE N REAEIE HGFs 458 (K1 2A)
24 FGF18 7£ 0. 02 mg/L A48 58 /E e fE, FGFI8
£ 0. 04 mg/L I, Bl 75 s 1] A9 SE K 4 O £ H osi 2D i
WEVEIE 25 . FGF18 1 0. 06 mg/L I}, KB4 4
JZET:, Hdk$E 0. 02 me/L AE Ty 52 56 i 1415 S0k

7d

D

JE, MTT 4550 SRl 1538 3.5.7.9.11 d 7] 8]
WAEHE HGFs 3958 (& 2B) , SXT IR LR Z 5 A 5
e X (1 =5.322,3.116,3. 538,6. 419,3. 002, 1
P<0.05),

A
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1o —e=d
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S 06t
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1d 3d 5d 7d 9d 11d
B rer [ Control
group
1.4 b EAExperimental group
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Wil
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1d 3d 5d 9d 11d

B2 FGFI18 3 HGFs K #0
Fig.2 Effect of FGF18 on proliferation of HGFs
A Effects of different concentrations of FGF18 on proliferation of
HGFs; B: MTT results of experimental group and control group; a:0
mg/L FGF18 + L-DMEM group ;b:0. 01 mg/L FGF18 + L-DMEM group;
¢:0.02 mg/L FGFI8 + L-DMEM group; d: 0. 04 mg/L FGF18 + L-
DMEM group; * P <0.05, ** P <0.01 vs Control group.

2.3 AEFEMEHNESZESTEEREHEXER
FTiE EEFRE(K 3) .7 d A AAIE ST TCHH

14d 21d

E F

3 FEEEARESEE
Fig.3 Morphological characteristics of cells during induction

A - C. Experimental group (A, B: x40; C: x200); D-F. Control group (D, E: x40; F. x200).
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AR AR ARIE 14 d S2I 2H 40 i AR K B ER
HERG BB R BRI, 21 d 2P
BRI A T T R 2E 440 it Pt s 1) I B AR 4K
WREAMAL G 0 ( 4) 7R 0 14 d I 5256 4 40
OPN £ OCN ¥ 55 FH R IR 21 d ik B3GR | 1y
SRR M X IRZH HGFs 42 B .

2.4 ALP3RiE ALP J@Z5 R (K 5) BoR. 505
ZH7F 0. 02 mg/L FGFI8 33T, ALP 4y A i i} ] 42
KB WM R TR R £ 5 TN B ALl s [A] AR R AN K, 2
REEM, ALP WEPES T (B 6) MR 3555 14 21 d
o SZE 4] ALP 3 PEA 0T IR ZH I 38 o | 22 S A Se it

14d

X (¢=10.517,8. 654,34 P <0.01)

2.5 FHETERBR 14 201d R0 (H
7)), SEgR 2 AT AR B A A S TR R, X IR e
PRSI, P AR (8 8) R SE 2 14
21 d iR E S m T RA 2R A ST FE
X (1=3.174 ,10.388,¥ P<0.05) .,

2.6 ALP.OPN.OCN .BMP2 mRNA FKix{gFiHi
RT-PCR Z5 3R (E 9) /R, 14 21 d S804 ALP,
OPN ,OCN ,BMP2 mRNA A4 00 g & T X B4, 25
SERIHFE L (1, =17.026,7.224,14.993,
17. 111 ;1,, , =36. 465 ,14. 352 ,36. 638 ,140. 724 ,

21d
C D
G H

E4 #S1421d FHEBRBRERBEERE %200
Fig.4 Cell immunophenotypic identification after induction at 14 and 21 days x200

A, C. Positive result showed with treatment of anti-OPN antibody in Experimental group; B, D: Positive result showed with treatment of anti-OCN

antibody in Experimental group; E, G: Negative result showed with treatment of anti-OPN antibody in Control group; F, H: Negative result showed with

treatment of anti-OCN antibody in Control group.

7d

D

21d

E F

E5 #SRMAA7.14.21 d ALP RiE x 100
Fig.5 Expression of ALP in cells at 7, 14 and 21 days after induction x 100

A - C: Experimental group; D - F; Control group.
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Bl 6 HSEMA7,.14.21 d ALP i&E1E
Fig.6 ALP activity at 7, 14 and 21 days after induction
**P<0.01 vs Control group.

14d 21d

C D

B7 #SETHETRE x100
Fig.7 Observation of mineralization nodules after induction x 100

A, B: Experimental group; C, D: Control group.
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0.3 F

ODS()Z nm
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Fig.8 Semi-quantitative analysis of mineral

*P<0.05, **P<0.01 vs Control group.

P<0.01),

2.7 OPN,OCN BMP2 EHXRIXE Western blot
ZEHR (K 10) B, 52864 21 d OPN OCN & [ #35
B 14 d &L 5 5, ZRARIFE X (1=70.911,

54.990,#] P <0.01) ; 3£ 2H 21 d BMP2 & F#£ ik
B4 d FE 8 45, 2R EGIT¥E L (1 =6.218,
P<0.01),

< 9.0r [ Control group
E 8.0 A Experimental group 2
E 7or sk g
5 ok 7
5 6.0 *k % ?
% 50F ? 7
75, v ¢ ¢
=] | ? wk Y 7
2.4.0 2 2 - 2
5 3.0} ok ? i ? ?
o 3 7 ' a1 a U
Z a1 0 7 1 Y 7
ol B0 all 00L 00
= % 2 % % % % . % %
s M Iidmid i mod i Ui
7 1A 1 1904 1 0 [0 1 [0 1)

Genes ALP OPN OCN BMP2

E9 HS/E4M ALP,OPN,OCN #1 BMP2 mRNA #x &iAE
Fig.9 Relative expression of ALP, OPN, OCN and BMP2 mRNA
in cells after induction

** P <0.01 vs Control group.
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E 10 FS/E4A OPN,OCN 1 BMP2 E M RIEE
Fig.10 Relative expression of OPN, OCN and
BMP2 proteins in cells after induction

**P<0.01 vs 14 days.
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FERUF R A A HGFs BERSTE FGFI18 5% N
Tia] BB R 20 B AR BT B 2 T — 20 P R
S FGF18 4L T RAAL A F B S L5 Al

ARSI FH A B 207 1 ) B 3=t HGFs,
I e i Ao i e T HR AL FCF 22/
TF1] 75 S0 290 B A4 22 SR J2 A Y A 2243 4, RE AR
HEANL Sy 2438 15 ARBFGE FH MTT 353748 T FGF18
X HGFs BYfE g Fa/E . 28045 R R 0. 02 mg/L
FGF18 LA HE T HGFs 3851 , BE 0% 4 st ] 3R A5 12
R Tl T4, R S5 S g R AL R

ALP OCN , OPN 452 i 40 i ¢ 0 4% 53 P A
e iR ALP 2 A 40 M 43 1k R S A AR AR
#'"), OPN il OCN & 2 M W bR i, A0 B
RESI A ALP 3EPEA X, ARFFEEERE/R 7 d BESEE:
LRI HEZH A0 ALP Yt 3h o R ik (A TG MR
X HGFs A 32308 il i 40 i 28 784 %) i 2T 248 41 i 7.
TEP A2 IR ER G A 1Y RISl 43 I — 28 BMP2
FE5HL 57 40 . Gremlinl | Gremlin2 %[13] L Py TR
BMP2 %3k, T FEAIC ALP T P, 5236 2H SR VR
T FGF18 AHJZEAE 7 d HI{URHE—MES a1,
PEHE HOFs B £ | WM 4l ALP 36 P 7E T LR i
Ze W S B E  R) F0 5 T 4 M R ) 39 5
TERERY T B AT BEAR A 1) 2 Al i e e . ikt DRABIA
HED 7 d B HGFs oK 2 30 1) B AR i i oAk i R
IR AN, 7 d JEPIAL ALP J& P I bR 3
G O (E D pHEEAE N E1 0 TR 07 1 R = T M LT 2
AN, T 7 d 5 P2 A0 M B A
H 0, AR = T 46 T B, 1T HGFs i T % L
FH WA BMP2 #4157 —Gremlinl Gremlin2 25
Tk, R BMP2 2 35 HH 6 34 5%, ALP 6 PE 3 5
1M FGF18 i Al i 1l noggin 2k 111 BMP2 %3k,
TR 2 S 06 2 A M A e 40k ) ALP 5 1
AW 5, SRS HED 7 ~ 14 d J& 0.02 mg/L
FGF18 155 HGFs [n] B+ 40 M 43 4k i i) ] Bt (1
FLIARE B A R — 20T

AT 53 501 DA R RN AR 1 KF %75 5 40
1T T, RT-PCR M Western blot 455 BN, 155
JE 4 ALP . OPN OCN A9 mRNA & OPN OCN %
eIk 17 0. 02 mg/L FGF18 fiEis S HGFs
] B T oAk, FEVR N AL SRS i e — Rk
AT R RAE A M 2 0 Sy il B 20 A ol S A 40
(7 o B ARZE T T RS BB 20 A s 2
() 10 A2 1l B A LA T (R D R Y — > R IR 2=
fENT ) PER LT Yt I 2 5 i A R R R 3 I AR

BRI RE S o3I W AR IR Ak 4y . AT
—UEB T 5 Ak 5 0 BB AR A A A I T RE
SEUIRETER BB A AL, AT S5 R IL R HGFs
Ze5t FGF18 YR 14 d 121 d J5 ,BMP2 2R FHE H
Fky Tl , £ FGFI8 @it FiE BMP2 5% T
HGFs [n] J85 FF 41 i 23 Ak, AH 2 AR BIL AT 75 22 1 —
HFIE

2k BT, FGF18 REME L HGFs 4 78 Fl B
A4k, 1555 HGFs [n) T fe P sl B A 4 i 21k , JE A
HHLEIA BMP2 55 A ¢, (H BARDLRA R itk — 20
SEERIRIE, ABETENE R — 20 S R S FGF18 4H
ZUT R R B R oy Al

B SR

(11 B 58, 1 ¥, 9% B, 55 [EFTHTA0E-S e dedn ik
Wy Ve B LB SO RIT S HE R [ D], i T 400 L 2 ) 2 2
2021, 43(5): 1068 —74. doi:10.11844/cjcb.2021.05.0018.
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FGF18 induces differentiation of human gingival

fibroblasts into osteoblasts by upregulating BMP2
Hou Yali', Liu Huijuan®, Zhang Hao®, Sun Jingyuan', Song Peng', Liu Yueyao', Li Hexiang'
(' Dept of Pathology, *Dept of Oral and Maxillofacial Surgery, School and Hospital of Stomatology ,
Hebei Medical University ,Shijiazhuang 050017 ; *>Hebei Key Laboratory of Stomatology, Hebei Technology
Innovation Center of Oral Health ,Shijiazhuang 050017)

Abstract Objective To investigate whether fibroblast growth factor 18 (FGF18) can induce human gingival fi-
broblasts ( HGFs) isolated in vitro to differentiate into osteoblast-like cells, and to explore the mechanism of osteo-
genesis. Methods HGFs were isolated, cultured and identified by tissue block method. The third generation of
HGFs were divided into experimental group and control group. FGF18 and L-DMEM was added to the experimental
eroup while L-DMEM was added to the control group. The effects of different concentrations of FGF18 (0, 0.01,
0.02, 0.04, 0.06 mg/L) on proliferation of HGFs were detected by Methylthiazolyldiphenyl-tetrazolium bromide
(MTT) assay. Alkaline phosphatase ( ALP) and alizarin red staining were used to detect the osteogenesis and min-
eralization ability of the cells after induction. RT-PCR, immunocytochemistry staining, and Western blot were used
to detect the expression of genes and proteins related to osteogenesis and BMP2 in the BMP signaling pathway. Re-
sults Compared with the control group, the experimental group could promote the proliferation of HGFs at 3, 5,
7,9, and 11days (P <0.05) ,ALP activity and mineral salt deposition increased after induction at 14 and 21 days
(P<0.05), and the expressions of ALP, OPN, OCN mRNA and BMP2 mRNA in BMP signaling pathway signifi-
cantly increased (P <0.01). The expressions of OPN, OCN and BMP2 protein at 21 days were significantly higher
than those at 14 days (P <0.01). Conclusion FGF18 can promote the proliferation of HGFs, and induce the dif-
ferentiation of HGFs into functional osteoblasts. The osteogenic mechanism is related to the upregulation of BMP2.
Key words human gingival fibroblasts; fibroblast growth factor 18; osteogenesis; induce; cell differentiation;
proliferation
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