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BB9: WG IRETLIAEET N i -4 A= 0244 A IR

Faiks AIGVHBI AT I WA BEA AR SRAG (0 2 40 RN A J8 98 SR 2 s kAR K 8 FA T4 i, JReq
PR RS B T A e R AR 124 CD146 B4 FIE T 41 R i 82 1 STRO-1 %5 )5, Al 3 144
FEANRAEAE I A AT AN, b N IE R AR R PR, SIS EF PR T 15 S .
HRELEIR: OWFLZURIR 4 2 ik 5 14 n] 2k v 70 T4 K i bR 54 STRO-1 il CD146;
RAELL T 40 P L Ak B 208 J M5 400 B LA S R [ A A R 0, AF S A8 RIS 40 M 1 ke 431K e
FIEAR AR ALY RIS AN . @IE 5 AR ¥ o8 B RS A0 M A S B 125 B 40 S I N AN 7] 1) 28 4 I
PRI 7 o A2 1B BIAIIA% 6 S, 4 RT-PCR KA, 5S4, Mg
SRBEIH T o A0 BR AL R A 3 B %0 B F Runx2 Fil Osterix 113214 3% FI#(P < 0.05). @ifj (141 i/
#F 1B M AN 6 AbFRA AR A Jo L T40 H 09 i R 0 7= 2B S 3 i o @OFE MRS AE R o S
WEH 0.1, 1 pg/l ALBFRA S, MoK Runx2 Ik 5% ST B 5w, MR IER
T o IR A 10 ug/L ALFRAL, BeEAHSERED] Runx2 (114654 57 S 41H L W] B B E(P < 0.05). B%;
FUESE, RAABE SR T 28 B0 M N 38 09 7315 501, A3 e SRR I 28 JRUIE 40 Mo 4344 e i
Ny HAP R AEIN T o 3 EOF AT A R b RE ) BRI ORI 72—, 10 pglL A RIRAE
KT o s T 70 R

K HEIA:

T L5555 FRIBETHM: i FRE: RT-PCR; MR T a: FHHHANEB: FIHMEA
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Biological properties of human periodontal ligament stem cells under inflammatory
microenvironment

Yuan Ping, Li Shu-hui, Zhao Lu, Yu Li, Zhou Chun-mei, Wu Pei-ling (Department of Stomatology, the
Second Affiliated Hospital of Xinjiang Medical University, Urumgi 830063, Xinjiang Uygur Autonomous
Region, China)

Abstract

BACKGROUND: The periodontal ligament stem cells can promote periodontal tissue regeneration,
providing a new way for the treatment of periodontitis.

OBJECTIVE: To observe the inflammatory microenvironment effects on the biological properties of
periodontal ligament stem cells.

METHODS: Periodontal ligament stem cells from healthy controls and patients with periodontitis were
primarily cultured by tissue digestion method, purified using limited dilution method, and identified through
detection of CD146 and STRO-1. Then, passage 3 cells were taken and denoted as normal control and
inflammation groups followed by osteogenic induction.

RESULTS AND CONCLUSION: Purified cells from two sources both expressed STRO-1 and CD146.
Periodontal ligament stem cells in the inflammation group showed higher multiplication capacity, but the
osteogenesis ability was lower compared with the normal control group. The expressions of Runx2 mRNA
and Osterix MRNA were dropped significantly after the stimulus of tumor necrosis factor-a

(P < 0.05), but the interleukin-1f and interleukin-6 did not have a significant impact. Tumor necrosis
factor-a at 0.1 and 1 pg/L had no significant effects on the expression of Runx2 mRNA, but the expression
of Runx2 mRNA was decreased significantly after treatment with 10 ug/L tumor necrosis factor-a (P <
0.05). It is confirmed that the molecular signaling mechanism inside the periodontal ligament stem cells is
changed under inflammatory microenvironment, so that the differentiation capacity of cells from the
inflammatory sources is lowered. Moreover, tumor necrosis factor-a is one of the key factors and its
optimal concentration is 10 ug/L.

Subject headings: Stem Cells; Tissue Engineering; Tumor Necrosis Factor-alpha; Interleukin-1beta
Funding: the National Natural Science Foundation of China, No. 81460103

Cite this article: Yuan P, Li SH, Zhao L, Yu L, Zhou CM, Wu PL. Biological properties of human
periodontal ligament stem cells under inflammatory microenvironment. Zhongguo Zuzhi Gongcheng
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FCJRURUE JOREPRBE N 140 i 74 i 0 32 200 il &
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MM IEYEE S IR e . DRk, 2F 8 98 S 30N A
SCRFALAAE KT RE S F J I 40 1) A= ) 24 4Tl %
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19754, CarswellZ &I T —FhREFN I I A5 4441
BRI R 40 (K 8 (W, I Sy 44 Ok Bl R BE IR
¥ Shalaby%5M bt g g 25 1 I RR S8 B 1 iy
£ R IR IREIR Fa. 2 A 98 1A 300 R B A L B
BT, e 9T B A i B S 1 ¥ LPS(lipolysaccharide) 3=
T VAN M T 2 2 (R PE D T, R AE
B a5 o R B R R SRS IR R, LS 4t
TR 2RI 8 9 S K R LA S 3 1) 0o, i
PZAn e G4 e B B 40 s o155 e 5 OB B N T
BB RYER T, MR IER Fa. 41/ 218
A 2651,

S 43 ) AR R B A P ) A A B AR R o
R % oF BT 40 iy (H-PDLSCs, P-PDLSCs), #4744k
AN, FTHEAT RS R WS, R
AREHIRIEXoF 40 H 1) 5% i J 3k — 5 A U R 98 530
F AL KA RN o

1 ##FNA3%  Materials and methods

1.1 &t RS .

1.2 BflE AL T20154E359 H L FrsmpE Rl 2E58
— Bt R = e s AT 5 5t 40 i S5 6 = 5

1.3 #H  BEARS K H20154E3 459 H 7 5 v B R
55 B s e 1 s R A2 R TR L R 9 B B A T 4k
BRERTEE N . 55 =B,
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IEEHLRFENR: 20-40% 3 JE 4 DN 1 ey g 25 ek BHL2E
MR BRIITTEE A 26 =B R 1061, M FA R RAE,
JCAHES « IR JRF MR -

KAELALRFNE: 204525 F8.37 DS Jo) 9 i ke
EF 136, YL HEs . MRARSER . TR 181k
T JE F IS W b7 v S TR Armitage [ 2 A7 e R0 XU 2k
R R RSOA B F AR 213, — AL B0 AR R
LIRE= 5 mm.

FITAT AN NA AR I8 TG 22 B P 3 93 R L 601 7 ) LA
FFARBUIRI, TCIRE e, 64N H G R IR 2 5
POF FOO B AT DG, O RTRVRI 2, R
B3 i S BIMZ N TR IR
14 ZRFik
141 IF 5 R 0 20 SRR I o 40 1 10 355 7% 70 48
SE JEAREER TR 7ESW-CI-2DBEB Y TAE & (I Nk 1%
HAEMRAA, hE) L, HASXNP(Hyclone s, &)
(FIPBSH e [] 33, 4 i FI R 1 /3% Jl JsE, o 3
B mmfA R, B, FE R N A4 SRR
S5f5 M3 g/Lif [ RS (Gibco, FEH), Wi, T
37 CARHFHIHA30 minj5 &0, 5+ LiE, H1 mLa-
MEMZI JL 5 723 (1A 53 $015% FBS. 50 mg/Lyidk I
2. 2 mmol/LAZ Bt . 100 U/mLXUHi; Gibco, Z£[H)
ARG R T-6FLIR, B T-37 C, A5 H5%CO, WA
(Thermo Scientific, &) 1FE, FERE3 d¥llik, H
£3-8 dja 4 s AL LA H .

1.4.2 A7 BRARRE A0 40 M A AR 2l i oAk 3 ok 2]
80% & it, FHARRIS $10.25% 8 85 (AR 1L, B50FF
i, o-MEM B 9% 5L E R JF U B Al Bk A
(10-20)x10°4N 5, #FhT-964LHRk, 137 C, KR4
H5%CO AT %, K HAEXDS-1BAY 3] EAH 22 B 1
BECGER, EE) Mhaid A0 LS gk IR, Bk
A LU, AFFL A 40 T B R e B A Vi A S 1
b, AR TR, bridH-PDLSCs ) IF # 4 4UK U 1)
FRET-40H, P-PDLSCs A i 4 RE 42Uk U5 1124 &
JET- 40 R . SR FH 55 354 e B 247 J) i 4t R FH T i
K o

1.4.3 4R ARICIRT I 53590 HIE 5 R 98 9E 2 34K
F AT 40 M0, ARFH 2 $00.25% Bl AL, B0 FE i,
BRI R, LIAx10” LY an ik BE 3R T 3L 3 /L
o, RN R B 50% Y A i FE IR BE SR, PBSYE21H,
TIANA0 g/Lif 2 J FFlE R 2 1 h)iG 3R, PBSYE2iE, i
NAEFRST 205%F LG B /N, 359, IIASTRO-1
110180
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(GEE)FICDL46(f AR, Jbn)—Pi, 4 TR KHFF
—ht, PBSUL2#, BEOGLAT FIMAFITCHRILMIgM—
Pr(dse sk, b1 h, 59, MNDAPIZ:(110 min, PBS
Ye2dks, WOEILRA BMEBIEE, IR WM Ll
MO g L, BRPHE R B2 90 E%, il (+++);
SHRAME RS E, WA (+): FIEAAE S, R ().
1.4.4 SRR RAT I 43 S ECIE R 9 R 1
e T 5 K I S 3T B T4 i, LALx10%4L 1K
R T 96 LM, AR B3N I FLFI LA 6] B AL
(LA 2= LI %), ahidyIER 4L, 2, 3KIE
WAL, RPE4L, 2, 3KREXHESL. 1200 uL/
FLEEFR, 37 C. AR H5%CO 41 N IR
UCH OB R 980, 541180 Ltk (i), 5 hib
MEEA ML, TEELRFLTINA20 yL MTTH, 37 CHiF
B4 hEW R FR, IMA150 uLifIDMSO, #4964l
BT RO T %5 mindids], 450 nmik K A48l
WO (WO REAE), BUAME.

DU 25 i F LA I 1, PBSTE238, I
BRI ARG %, ST d, B3 k. LA IH]
SRR, RO B AR A N 4 ) A i K i e
145 HHHSTEIE  BUEFAZURIER RAGE4 20K
WINPT 40, AF17r400.25 Yllfgitl, &
OFE R, BRI EE, DIANIRIKE 2x107 LR T
6FLE T, A5 41 BV JE 1k 50% I 58 e A i A0 S B IR
(TR $5%FBS a-MEM, 10 mmol/L B—H i,
SRR ES0 mg/L PLIRIEE, 100 nmol/Li 2 K48 BEA T
WS, HRE3 dE T 1 S, TE7 R
FOg e, Qe 5 R BT ORREMYE, IS hE
MHERE ST & 15 min, 760G RETHE 2 A4 4540 nm
AR A1
1.4.6  AN[A] 5 DR BAS [ ot < P P i SR A8 R Fau
fil¥5 Real Time PCREIN B FHOCHE R I RIE - HUE
SRR 18 AT o) B8 A R A I B 3ARF S At L,
G522 MM A ZE R Fa0.1, 1, 10 pg/l). A
A2 1B(10 pg/l). 141 Hi/r #6(10 pg/L), Bk
TSN, 5 53 d)E 1 Trizol 24 42 B4
MRNA, Z2AMI LTI e RNAKEE 5, SOk
A& (Thermo, )73 Jill )45 45 icDNA; 4R Ji5 LA
cDNA MR, LhB-actinshy W=, HSyber Green%é )
SE T PCRIS MR 7 £ (Thermo, 38 ) HEAT 98 6 & &
PCR, 735 illRunx2f10sterix mRNAZK LK. K&
AR R38R 20 uLs v al.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

PCR N 4&ff: 95 CA:10 min, 95 C 15 s,
60 “C 1 min, 40ME¥K . ABIZYSEZI 5E - PCRX (Applied
Biosystems, i [E) &l i s £ Hs, 25 R A bn o it 2k
HARE A S A SR TR EL .

3|4IFF%1:
ey Gt el i
Runx2 1FX: 5-CCC GTG GCC TTC AAG GT-3’ 529 bp

K X: 5-CGT TAC CCG CCA TGA CAG TA-3

Osterix 1FX: 5-GGA CCATTC CCACGT CTT CAC-3 617 bp
K X: 5-CCT TGT AGC CAG GCC CAT TG-3'

B-actin  IFX: 5-TCC TGT GGC ATC CAC GAA ACF-3' 202 bp
K X: 5-GAA GCATTT GCG GTG GAC GAT-3'

1.5 EEBMEIEAF SAAMEEY. K igN,
BT 5, WAL 4515 5 5o A RS A DG EE R
Tikgh R,

1.6 %it¥ o4 RHISPSS 17084347 5 4 #7
TR PR Dixes R, 241 IR LR A B0 R 360 22 00 M
P, ALIRVECHE 9 LR BT FEA KOG, R0 /K e
a=0.05,

2 45®  Results

21 WAMLRBEQT AR T @t EFEN IE
i R JEE SRR (1) 2 JE IR 20 2R 6 20 2 B i s A s R AR
7%3-8 dJii, WA ALl AT a0 e H (L),
K53 4 i 2 AR TE BT, AL LT et il . A7
BRARRR I e B b B R 08 d IR0 B o e, BT 74 PR B
JH-PDLSCsHIP-PDLSCs(B1). 135 Sk N g,
PRFIAN M R T, SIRERR SR A A K . AN AT
A RO e (B).

2.2 ROGAT RAIET o mie k@ Ao 6 Rk
PG g% 5 e Y SR 7R, 1E 5 I A (1) R s+
20 6 240 L R it 4 347 BH 1 2 a2k ) 70 0T 40 4 T s 5
YISTRO-1HICD146, W EMILk a5 Ia(+++), 4RI
E2.

23 EFREAET AR F@EA K KILER
H-PDLSCsHIP-PDLSCsH 41 i A= i 2k 35 & “S” A,
R e R Ad K s 2o Lo, HP-
PDLSCs/E K3 [ 1] i 7 T'H-PDLSCs, JLH 2R+
%3, 4K, ERAEREER (P <0.05), HrFEeRIL
AR TS, ARISEIEIEN PRI, 2
JGP-PDLSCs: Ki# JE Ik T"H-PDLSCs, {HZERTLW#
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B 1 IEFEMLEESER TR (x50)
Figure 1 Morphology of periodontal ligament stem cells from
healthy controls and patients with periodontitis (x50)

Blvds: 1 A PRSIV 12 2R 2R 20 0 Ui v A b 2 5% 3-8 d
S5 T L A A 2 B AR T BN T (R 40 L TE H 5
B A7 BRI se B AL AR S5 9720 8 d, PRI R 40 5]
LA Mo e PR, A0 2 SO AR T o PRI R0 B TR 2 G
W22 C o E WA TS, PIMORIE A1 i i
RIENERGER LK, BESTESR.

STRO-1: IE& Kk

STRO-1: #AEKIE

CD146: IL& K5

B2 i ER T4 STRO-1 F1 CD146 RIRIA(SER A
Zta, x200)

Figure 2 Expression of CD146 and STRO-1 in periodontal
ligament stem cells from healthy controls and patients with
periodontitis (immunofluorescence staining, x200)

Pyt EHR A RIS ZH AN M, 5 AN A% S 0 o gk R AN AR
SIHIFEN) STRO-1 F1 CD146 BHH:RIELRE O, G i
J5E A B B PR (++4)
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Figure 3 Growth curves of periodontal ligament stem cells
from healthy controls and patients with periodontitis

Bl PRP I AR ey 5 “S” 1Y, 6 d Arde i AR K g 5
W&, HAICREAUET 41 i (P-PDLSCs) A=K i 1 fid
T IR T - 41 (H-PDLSCs), JiHR7EH 3, 4 K2ER
AREMEX(P < 0.05): %5 6 KL T-FEE, i
BN “FEM7, 2 P-PDLSCs A= K {1 H-PDLSCs,
A 2RI R E MR (P > 0.05).

PR (P >0.05; E3).
2.4 WA RBF BT mBRE SR B kE B
PARRH BT IR 15 S, ORISR T d A g T o A
REIR, P-PDLSCsHIWOGEEK T-H-PDLSCs(F 1;
P < 0.05), UtWIP-PDLSCsI i 71k fE J1 At H-
PDLSCs.

WHEF3 dJE, RT-PCRASIN S AH KL D4 1) %
ik, g1 2R, H-PDLSCsIRunx2f10sterix mRNAJK]
X3k T P-PDLSCs(P < 0.05; #1).

*1 AMFEABRTHEBRKESSUENER  (x¢s, n=3)
Table 1 Osteogenic ability of periodontal ligament stem
cells from healthy controls versus patients with periodontitis

ZH 5 W44 Y Runx2 mRNA Osterix mRNA A%}
SERH%)  AIN IR Fk

EH SR 97.320.92 2.93+0.24 3.03+0.36

PRI LKL 37.240.78% 1.86+0.38% 2.14+0.23°

Fi: H5IEWHLURELLE, *P <0.05,

25 RF X MEF RS RT-PCRA N F B I T 40 e,
F Runx2 % Osterix mMRNA#) & & e E 7 S 14350
NBEERSE D Fa(10 pg/l). A4 1B(10 ug/L).
FI4nfi/r226(10 pg/L), 553 dib, AEMRIRIEH Ta
R4, Runx2fOsterix mRNAZ A R i7E
HAEAZ1B. AN 264 HE4], Runx2 K Osterix
MRNARIE K5 iy 175 S 40 b2 5w 6 B MR
X(FR2)-
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110180 www.CRTER.org



R, S RIEHEE T AT IR T WIEH) LR FAF 1

Crnens soumas et

Fz2 KMERFHEIFREETF o BABRNE 1B BN
% 6 W RERTHEP RS 5L s BRI (xxs, n=3)
Table 2 Effects of tumor necrosis factor-a, interleukin-13
and interleukin-6 on osteogenic differentiation of periodontal
ligament stem cells from healthy controls and patients with

periodontitis

20531 Runx2 mRNA #%} Osterix mRNA A%}
%:Uii(z—AACt) %ﬁi(z—mm)

D Eg AR 4.53+0.36 4.9320.40

PRESRAER T o 4bPEZH 1.85+0.18% 1.61+0.09%

M2 1B LB 2.51+0.23 3.86+0.36

H4fi2 6 P4l 3.72+0.39 2.95+0.22

ik SR HESYALLE, °P <0.05,

2.6 AR R EIREMEIRCE T ast F BT 20 %
FoteayBen  SARERIBE G SRR, R
FHRA . MRIRIER Ta(0.1, 1 ug/l) 4FR4, Runx2
MRNA )15 72 57 T 35 M s ARAE iR 31 28 A 7
a(10 pg/L)HI# T, Runx2 mRNARIEIL TSP <
0.05; #&3)-

3 iFiE Discussion

h T O WEE G E AR IR BT A A T 40 ) AR ) AT
R A, 932 Seo M, A HIMIE
AR F AL 4y B85 75 T PR R 1 2 R
T4 fl(H-PDLSCs 5 P-PDLSCs), Ff#i P Fh ks i)
OF JE IS0 M ) 38 5 R0 oA e AT R LR, 48 L
B, PPN Y BT A R K AR T, TR
TR E S, X R I 4 M ) AR AR RS
ANEZ JEE B ()50

NI SR Y A 8 25¢ Ol % £ Y ARG I 41 2 T A I
H-PDLSCs Fll P-PDLSCs 3431k 141 i () % 111 43 7
H AR TE A [F], 31X 10 W] S50 15 21 (K 35 00 7F JA 21 2305k
PRI T 20, S I G 1) 2F JE AL 2R AR A AR 2F i
Taf, R 5 I L A RS AR T R
T4l

SEH N MTT A 21 45 A0) B & B P-PDLSCs
(R385 g Jy 58 T H-PDLSCs. SEiifk—3 %} P-PDLSCs
(0B AR RE JJEAT TSR, Toi W45 15 e =407
WS S AR OCHE R 85 SR R, P-PDLSCs [HIBCH BE
J1EET H-PDLSCs. Xt & AEMABE R ~, 4
JET- A0 B ARAT A AR T O, 18k SRE PR T F L
S I8 U AL A I TR, TEAR I R T i
TE R A e ) 2 2 T AN FIREFE 6], 5 80X

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

%3 AREREIREMEIFIEEF o 35 B R TR+
BHEXEE Runx2 mRNA RixaI8/0E (xts, n=3)
Table 3 Effects of tumor necrosis factor-a with different
concentrations on Runx2 mRNA expression in periodontal
ligament stem cells

415 Runx2 mRNA #Ixf ik k(2%
s S 3.21+0.33

JRERSE - a 0.1 pg/L 4 FE4]  3.9420.31

JRERIEN T a 1 pg/L AbFEZ4L  3.45+0.28

JRERZE - a 10 pg/L 4bF4]  1.82+0.10°

Kk HEEHSALE, *P <0.05.

LI DG DA 22 T BB H T 2 MR ORI 11 o5 S o 98 ok
TER I 4 S0 R T 40 B 0 T R R 2k T AR A PR,

TF JE 9% (V0 JE) 20 R SR 2 A oA BRE 11 38 R 4
YU s B St P, LPS R B A L
Yo, PRV A A S, R R A T
a. FIEAE 1B &2, s KR T, iR
HIER T o Bk ki HA R 110 BRI T, AR RE R
A bR A A, LA A R P A A
@ PE3Y, Sk S 07 T Runx2 %52, i
IR, IR R IEIR 7 o fe il e 40 M 4346 Kb
A 5851 T 1 P20

SR ORI, HA MR IATER - o 0] DL A
JE R AN K B oAk, T A2 1B AT
B 6 JFAN I IS 4N L 1) B i e ) S, X
VERHAE A JXAS RAE RS, MR IRAE R+ o S A
F FEUIEST- 40 B A 6 0 B IR DGR 2 R IR 1

HAT, MR SR ZE R+ o %40 s s A Ve A
AR, A A HOR A 1, i Zhou %)
RIL, AEZE R R A, ISR o nTEOE el
402 () p38 MAPK®S™, ikl 40 ik o3k e if
FUHE I iR ER A IR o 26 40 B i oAb P R o B 1)
PR, TR s 3 R T kB a7, i e i AT 6
EAMRIE, 52,

SR PR IR SEIR 7 o H)3# H-PDLSCs KA
RUEIREE, LA [T vk B R SR 2B IR o S0t 2
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