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Effects of surface nanomorphology on the senescence of periodontal ligament stem cells
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[Abstract] Objective The effect of TiO, nanotube morphology on the differentiation potency of senescent periodon-
tal ligament stem cells was investigated. Methods Two types of titanium sheets with TiO, nanotube morphology (20V-
NT and 70V-NT) were prepared via anodic oxidation at 20 and 70 V separately, and their surface morphology was ob-
served. Young periodontal ligament stem cells were cultivated in an osteogenic induction medium, and the most effective
surface morphology in promoting osteogenic differentiation was selected. RO3306 and Nutlin-3a were used to induce the
aging of young periodontal ligament stem cells, and senescent periodontal ligament stem cells were obtained. The osteo-
genic differentiation of senescent periodontal ligament stem cells was induced, and the effect of surface morphology on
osteogenic differentiation was observed. Results Nanotube morphology was achieved on the surfaces of titanium

sheets through anodic oxidation, and the diameters of the nanotubes increased with voltage. A significant difference in

the effect of nanotube morphology was found among
[ Bl 2023-08-07; [fEREIBHA] 2023-09-16 nanotubes with different diameters in the young periodon-
[E£TA| EREMMLZITR (2021YFA1100603); E%K [14FRE
Hedr (82071092); PUIAHERAHAIIH (2023YFS0056)

(WEZRST] FMESE, Bit, E-mail: 2021224030011 @stuscueducn  8Y Of 20V-NT had a more significant effect that promoted
[EEEE] B, RSO, 14, E-mail: lliao@scu.edu.cn osteogenic differentiation. Compared with a smooth tita-

tal ligament stem cells. The surface nanotube morpholo-
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nium sheet, the surface nanotube morphology of 20V-NT increased the number of alkaline phosphatase-positive senes-

cent periodontal ligament stem cells and promoted calcium deposition and the expression of osteogenic marker genes

Runt-related transcription factor 2, osteopontin, and osteocalcin. Conclusion A special nanotube morphology enhances

the differentiation ability of senescent periodontal ligament stem cells, provides an effective method for periodontal re-

generation, and further improves the performance of implants.
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b 25 DA Y e 3k, 2 F 18] 58 o 1 40 s By o
AR, o JE B 41 9 (periodontal ligament stem
cells, PDLSC) TEMRIMF T8 37 554 T HA WUE
BOAE FIBLERCB R TESh WAl v, PDLSC (1)
A A AR 2 450 R b | . o8 B B A D R
F R, BFE0ER ], AR BRI IE
SR AR PDLSC A2 2] T e s e BB, JF BHAE
TAARBRR TR T AP R AR, KA S R
SR P T RRAAE B AR R . H R85 38 2o A 2 1) 3R T T 0
[ Al 1 o i e I B = = i N P N
1) H 1SR 5T KL 0 e A5 32 /5 32 2 1) PDLSC
LTS B SO i = 0 s = IR N1 == 1 D e =
AR G KA X R R S 04 2 THD S S 48 v 5 2 T 400 i
T, R s eBe T, B AR B E
FFAE T AR I BB 3

1 MEFTTE

L1 FERPRG A
BO(FHRERARAR), Rtk (R
T AR A BRAT) , MGA- M . ZEaE R
B (GibcoA ], EHE), FRHAEHER . p-Li
B B o0 & (LR ERARA A,
RO-3306., BI-2536. Nutlin-3a (Selleck 24 ®], 3
), AMSCT MmN & . R4
Jem ) (T AW RHECA RA R ), Gl 0 12 i
(alkaline phosphatase, ALP) ¥:{a 3] . RIPA %4
W . BCAHEH &N & (TLRdl Ay
R ABRA ), AL+ IS Bk e — K& 4
(BBIA: A2 A BR A H) ), RNA B & . Taq
Pro Universal SYBR qPCR Master Mix ik ] & (&
SUAMER A RHE B AT BR A7), —HTALP (ab-
126820) . ‘HH#F#EH (osteopontin, OPN) (ab638-
56) (Abcam A ), B[ ), HiHiE-3-0 MR i
(glyceraldehyde-3-phosphate dehydrogenase, GAP-
DH) (200306-7E4) . —Hi A S ALY BEpRic Il
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PN IgG (H+L) (511103) . AR ik & ALY
FRiC I EHi S 1gG (H+L) (511203) (HUEBIF fig
WHARARTAEAF]) .

FHiHF W58 (Inspect F, FEIA®], 3%
EH), St B (Contour GT-K, Bruker 2 &),
B ), XA (Ultima IV, Rigaku /A #],
HA), #Eflfaimif{ (DSA30S, KRUSS 2>+,
EE), ZYRemits{l (Synergy LX, BioTek 28
A, EHE).

1.2 RGOS 4

afigk (99.9%, 14%) F (HA#E 14 mm, JFEE
I mm; HAA20mm, EE1mm) HFEERERHR
oAt BRI E 5000 H, FHARKAE ZEEFI
FEFIRTURG, SRR KRR

I BH AR S A R 28 — A AR A0 K A T A
Bk Rmm. EiRT, KOS E TH
it (1wt% AL % +90vol% H il +10vol% K )
HL R TE 30 min B0 3 5l s 220, 70 vV, JRFETE
SEHLE R PR 04k 120 min, X615 3 2 R [ 4
KAETESURER B, RI20 VLR il 45 1 B A7 4k
BIL S B EK B (20V-nanotube, 20V-NT) HI70V
HL T & B BA 9K EIE SR8k (70V-nano-
tube, 70V-NT), HH7E 2 min,

JIF A K TE 450 °C TR IR K AbFE 3 he 38 44
HL - I SO UL K R 2 TR SRRRAIE o FH 422 fh A
T AT B 3% TTEE ol R AT I A, IEAR SR KM
FROGA 50 AN A BT Bk e R DRLRS B o FH X kAl
SR K 2% T8 B AT AT AR E M, AT A
10°~80°1 20w [l A, 2P0 0.02°,
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# ., $RIUPDLSC. FiFRTE 10% 4 s I i m
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5%CO, MR E R 3G SR, f2 di—l .
1 255 3~6 R AR R A A BT 4 (young-perio-
dontal ligament stem cells, Y-PDLSC) H T J5 %L1
W% -

S RAOR T N NEF 4E AN 5 hHCA2 2% 1Y
FEER H RO3306 A1 Nutlin-3a i S 4 il 5%, 4G
FH 9 umol/L RO3306 AbFHAT A 24 h, s 41 Jfd [i] 25 7
G2, ZJ5 9 umol/L RO3306 #15 pmol/L Nutlin-
3agb B8 h, #RJ5H 5 umol/L Nutlin-3a Zb# 1.5 d,
)5 100 nmol/L BI-2536 4b ¥ 10 d, FRAFHHE
FJERE T4 (senescent-periodontal ligament stem
cells, S-PDLSC) FTFJ/FLL55:
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WA L T A gL e, BT U g .
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M, A 4% £ 5 T [ %E 30 min, PBS IE Uk
J&i, I ALP B 455 sl R L0 48 (@5 44 (4 10 min,
PR PBS MR UE, B8k B T WG T Wige .
EWRL PO, NifTERor, A 10% 1+
PN BE ML E — K G W) 5 B A R T 30 min, MR E
W, HZYIREBFARYAE 562 nm AR E WG BE(H
1.6 Wi % 5% - 3R A W 4% KL N (reverse transcription-

polymerase chain reaction, RT-PCR) #illl

U Y-PDLSC 544 Jfd 2k 7 Vi 45 A 72 IS 0 A K
R 12 FLAT ARG FR AR b, o R AAH G T 20
7 0Bk 7 &4 Y-PDLSC 85 5 14 d J5 #E17
RT-PCR, 4K F 2 T 1% 40 A rh B b s 1 2 1A
Runt A 5¢#% 5% K7 2 (Runt-related transcription fac-
tor 2, RUNX2). OPN, ‘H#5% (osteocalcin, O-
CN). HEE KA HEH 2 (bone morphogenetic pro-
tein2, BMP2) [#£ik/KF-, GAPDHIESH LA,
RUNX2, OPN, OCN, BM-P2, GAPDH [J5|#))%
I,

HU S-PDLSC H. 4 i Ak ¥ & 422 b 76 IS ¥ 2 A 4K
R 12 FL AR MR AR (R ARE G T 40 B B
%S LK &4 S-PDLSC 514 7 dJm b 47
RT-PCR, 60 4k 3 0 1% 4 L v ol s o P e P
RUNX2, OPN, OCN (% ik/KF, GAPDH/EZS
A

MTAL Y-PDLSC 5 S-PDLSC 4 58 4 X 3L K
Ki-67 B35 K-, 40 MLA% 5 5595 2 d 4T RT-
PCR. % %H #r & 9 Ki-67 (marker of proliferation
Ki-67, MKI67) (5131, GAPDHAES % 5
W o EFREEH G, K AE S FE PBS ik, JFH
RNA 2 BUR 7] & #E BUE RNA . i ] Taq Pro Uni-
versal SYBR qPCR Master Mix i ] & 7E4F 10 uL &
A 1 pg cDNA FE 5 FIRE 5 M5 1 9 ) PCRIE & )
HATRT-PCR LW o I A51F: 95 °CFF2k30s, SR
J5 95 °CHf2E10's, 40KYEIF, 60 °CHjLE30s, #ix
J5 95 °CHELE 15 s, 60 °CHFEE60 s
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Tab 1 Primer sequences
H:H 51 (57-37)
RUNX2 L3 : TGGTTACTGTCATGGCGGGTA
Fif: TCTCAGATCGTTGAACCTTGCTA
OPN L¥%: GAAGTTTCGCAGACCTGACAT
Fi#: GTATGCACCATTCAACTCCTCG
OCN ¥ CACTCCTCGCCCTATTGGC
Tif: CCCTCCTGCTTGGACACAAAG
BMP2 I : ACCCGCTGTCTTCTAGCGT
N7: TTTCAGGCCGAACATGCTGAG
MKI67 L¥f: TCCTTTGGTGGGCACCTAAGACCTG
Fif: TGATGGTTGAGGTCGTTCCTTGATG
GAPDH L3%: CTTTGGTATCGTGGAAGGACTC
Tf: GTAGAGGCAGGGATGATGTTCT

1.7 EE A S BRI

At T NAR O 1 40 ke B 5 20 A R0 & % S-
PDLSCI%A 315757 14 dJ5, RIPA 20kt 24 M
AL, FHBCA H & A I i) &0 s midofr A OC
EHRIK, fpHEEATRERY S, #d+
TR SR RR B - SR DA I I BE I LUK (sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis, SDS-
PAGE) JrESsEH, KAk 2 PVDF B |,

N B
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1.8 BmAb B R Ge it
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Surface characterizations of titanium sheets



* 176

RV 18 B2 52 9 7 West China Journal of Stomatology

2024-04 42(2)

F2 ol A R0 S, G BR R A 3R T M A A
K, TOV-NTKZ, 20V-NTH/) (B 1B), xXFEH
A GRE TSR R 0B K RO IR Bk R 4,
H 20V-NT #EKPE 4

S ARLRS BRI S s, DU EK . 20V-NT,
TOV-NT By R MRS 1 22 55 B Gt 8 X,
20V-NT. 70V-NT ML KE K THOLHE R R, 70v-
NT A HLEE KT 20V-NT (E1C),

X SR AT SR 7R, 20V-NT . 70V-NT f 5
T T 4k, I H 70V-NT i g% 20 V-
NTw (E1D, E), FHIHLS RS,

2.2 FHAKIESIXF Y-PDLSC )il B L HERY 51

B Xt — S AR GOR A TE S Y-PDLSC 8 43
B M HEAT B UE o A M BB R R 14 d A
fTALP Yo, ALP Y@ [P 40 R 2 i 45
M T IR EE A, g R IR, 20V-NT 3K A]

B
207 e 15 .
s b 2
K15 - ﬁ —
ﬂg = 1.0
-i% 1.0 %
e
b ~ 0.5
% 0.5 %
M =4
& & & ¥
gt &
C «%@ YV A 9%(; Vv A

ULALP Qe R, FHPE4T B £ (K 2A),
TOV-NT i 5761 5k 5 JCBH 2 X531 200 i il i i
SR dF TR Ry n, Ymst R EIR,
20V-NT i 44 8 Lot 8k S 7T0V-NT HIE (&
2B). ALP (o fIpE R4y s Ry EK I, 20V-
NT A] fi¢ i#f PDLSC i) BB 434k, 1 70V-NT %} PD-
LSC 11 55534 T B B A fE HE T

ANHE A S 75 9% 14 d, RT-PCR KGN i B A5
PR RBE L, SR ER, 5EIEE A H
Fb, 20V-NT 3% 40 g ) BMP2, RUNX2, OPN,
OCN FE[H F k¥ TH ;s 7T0V-NT 1 40 L i) OPN
OCN % K F 35 F+ 5 A4 20V-NT B i, % RUN-
X2 FEHAE L FRE (K20) ., 4558FB, 20V-NT
X Y-PDLSC 9 BB 4 A6 A7 B i A2 g4 L i
7O0V-NT X Y-PDLSC W BB s A AE AN o
PR AU B VE I 20V-NT UEATJ 225556 .
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A: Y-PDLSCJ§-#15 FHi 7% 14 dJ5 ALPYefa; B: Y-PDLSC R HE TR I 21 dJe iR Yeft; C: Y-PDLSCHLHIA TR 14d)5, RT-
PCRA M BMP2, RUNX2, OPN, OCNJ:RH Y35, *P<0.05, **P<0.01,
B 2 REYKIEST Y-PDLSC HY 520
Fig 2 The effect of surface nanomorphology on Y-PDLSC
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1. FH Nutlin-3a B B 3 7% p53 75 5 40 il =%,
SA-B-Gal Y25 S Bn, MESLIEST)E, SA-

B-Gal Pk 40 Mo 2842 3T 100%, I H 40 e 5 &
AT R AR, 5 Y-PDLSC 2 B it LAY £ 41 4K
BRARAIE], i A sE G, JRARAH] (& 3A),
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Fig 3 Induced Y-PDLSC senescence
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Fig 4 The effect of surface nanomorphology on S-PDLSC
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S-PDLSC M /5 54555 14 dJi5, ALP L fash
IR, 20V-NT RHE AT, ALP FHYE 41
Z (K4A) ., Wadletis2l da, HRaas
R, LK RiEA D ESTIRYIE R, i
20V-NT K A K& IIHEYIE K (K 4B), 20V-
NT 2K TH 176 Z= 20O & THOL# e (K4D).
Toit & ALP e ib 2GR L YL (A, #BRI 20V-NT
{23 T S-PDLSC ¥ 88 431k

MRS S R 14 dJa, B A R R BNl
A B ARG P RIAE N, SRR, 5
JGHEEK A HE . 20V-NT % 1fif S-PDLSC Ay ALP,
OPN £isTtm (El4C).

MR SR 9% 7 dJR . RT-PCR K I Al 1
PR tE R R AT O, S5 RBR, 5t H
A, 20V-NT % 1 S-PDLSC ) RUNX2, OPN,
OCN %isTtm (KEI4E).

3 itig

AR, BERE R TR A5G 4 A A Ak e
B IR 5T 328 TR ALY, AR 9 0 1o UL 5 40 K A TE 5
L5 X} S-PDLSC (520 , #RITAKAE LS B AH
B T & S-PDLSC % Jii & /AL g o 84 4347 3C
R P BHAR A A S BB S H, PSR IR
HL A T B R B . RS pHLL R LR BT
FACP RN K e FERY T i 38 30 o 4 X AR
RE NS 16 M RL 2 TH P U E 9K TE S . A B 5%
JIF 2 0 i ARG KR RS, B RAF YT
A M. YK A SRR A U B, R
PR BER . HRSM oz kAR, BiE
BRI R, RERESBHIH K, PRERE
RS D) | R {0 N e el e B2 3 (T A L
AR ERIE— U S T I SR, ]
DL 2 9K 8 42 B A R R 3G R G . AR5
T, R PR A 0 o e A RN, ATl
s I RS E AR B TE S

HRT, XK AT 50 0 fie Ak B MR R il —
., A FHEDINE A 30~100 nm 40K FEATHES,
K BRFHAE AR EAR MBI, eE A, ALP
TR, BIE EE IR A 2 I
HAR 15~100 nm KA AT 5T, KB HAE 15 nm
PR R KA T 350 mT AR 2E ] 5 0 1 400 it 0 2 1 T 4
MR 20 R B . 35 . SR AA ML, BEE 9K
LR HE I B BE I BEAR . AR, A et
W&, fE50. 70, 100 nm 44°K45, 70 nm

4 48 K A5 T A 2F N I T 200 J 1l B 3 A AR R R
A, I UCHGORE B & R ol /N g,
FEFE Il B BLAR . XS E5 IR R, W REJE
TR AN, o] GE A2 B 9K BE R |
KSR ZWm . b, AW E ik g
# Y-PDLSC B 43 A A FH o5 i 2 I 9 oK A 230
SRR, FEARIERTA 9K T S04 e I 0
PEE R A, 20V-NT 2 18 49 K (T8 S48 11543
FRACR T B

TE M DG TGRS T A0 20 B 52 el e F 52 v
= 5 M S gE . AR i — 22 T
il KT B R AN A B2 . B SRR
EHARIG I E N PDLSC, RIS HHS AL
21 44 L 7 hHCA2 32 2 ) J7 7%, 1 H] Nutlin-3a
% I G pS3 U Al Ml 2, Hih BI-2536 YA
] A R A O d B 2R 10 d, DA IE 7 B3 4 7 40
MR ROR TR . 45 PDLSC 435 S5, SA-
B-Gal Yt (0,45 - W7, SA-P-Gal PH 1 40 i % 4% 3t
100%, FFHANMEASW R4 TH B0, 5Y-
PDLSC 22 38 1) LAY (1) 404 IR AN [R] - 448 i g AR
K, TEARAHEIN, 3 4 R 2 5 2 20 B A 44 Sh
TERT BRibZ Ak, 55 40 M3 5F BE 01 AH G (1) MK167
FL IR WAL, A EERE ) W R R,
Ab BB AR A, B A0 R R AE 2
— P R 5E 45 R 5 Johmura S5V (1 45 FAH AT,
Johmura it ¥ L5 S 5 DNA G IES % .
AT e A W BT T X, RIELPL6HY
FIR N SA-B-Gal BRI 6 8 T Fo A 77 1475 5 1 41 5
RNA-seq 7t W, Iy 7 175 5 5 2 20 L 1 e %
205 A T 5 TR W SR AR L . AR T
TN PDLSC 2%, 3845 T S-PDLSC.

FEEE IR, T 40 M A ) R 8Ly
fLRE 1T PS5 20 i =2 R) K2 4 Jif A0 JE T 2 [ 38
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