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[Abstract] Objective This study aimed to investigate the effects of sitagliptin on the proliferation, apoptosis, in-
flammation, and osteogenic differentiation of human periodontal ligament stem cells (WPDLSCs) in lipopolysaccharide
(LPS)-induced inflammatory microenvironment and its molecular mechanism. Methods hPDLSCs were cultured in
vitro and treated with different concentrations of sitagliptin to detect cell viability and subsequently determine the exper-
imental concentration of sitagliptin. An hPDLSCs inflammation model was established after 24 h of stimulation with
1 pg/mL LPS and divided into blank, control, low-concentration sitagliptin (0.5 pmol/L), medium-concentration sita-
gliptin (1 pmol/L), and high-concentration sitagliptin (2 umol/L), high-concentrationsitagliptintstromal cell derived
factor-1 (SDF-1)/CXC chemokine receptor 4 (CXCR4) pathway inhibitor (AMD3100) (2 pmol/L+10 pg/mL) groups. A
cell-counting kit-8 was used to detect the proliferation activity of hPDLSCs after 24, 48, and 72 h culture. The apoptosis
of hPDLSCs cultured for 72 h was detected by flow cytometry. After inducing osteogenic differentiation for 21 days,
alizarin red staining was used to detect the osteogenic differentiation ability of hPDLSCs. The alkaline phosphatase
(ALP) activity in hPDLSCs was determined using a kit. The levels of inflammatory factors [tumor necrosis factor
(TNF)-o, interleukin (IL)-1f, and IL-6] in the supernatant of hPDLSCs culture were detected by enzyme-linked immu-
nosorbent assay. The mRNA expressions of osteogenic differentiation genes [Runt-associated transcription factor 2
(RUNX2), osteocalcin (OCN), osteopontin (OPN)], SDF-1 and CXCR4 in hPDLSCs were detected by real-time fluores-
cence quantitative polymerase chain reaction (RT-qPCR). Western blot analysis was used to determine SDF-1 and CX-
CR4 protein expression in hPDLSCs. Results

mineralized nodules, staining intensity, ALP activity, and RUNX2, OCN, OPN mRNA, SDF-1, and CXCR4 mRNA and

Compared with the blank group, the proliferative activity, number of

protein expression levels of hPDLSCs in the control group significantly decreased. The apoptosis rate and levels of
TNF-a, IL-1B, and IL-6 significantly increased (P<0.05). Compared with the control group, the proliferative activity,
number of mineralized nodule, staining intensity, ALP activity, and RUNX2, OCN, OPN mRNA, SDF-1, and CXCR4
mRNA and protein expression levels of hPDLSCs in low-, medium-, and high-concentration sitagliptin groups in-
creased. The apoptosis rate and levels of TNF-a, IL-1pB, and IL-6 decreased (P<0.05). AMD3100 partially reversed the
effect of high-concentration sitagliptin on LPS-induced hPDLSCs (P<0.05). Conclusion Sitagliptin may promote the
proliferation and osteogenic differentiation of hPDLSCs in LPS-induced inflammatory microenvironment by activating
the SDF-1/CXCR4 signaling pathway. Furthermore, it inhibited the apoptosis and inflammatory response of hPDLSCs.
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ARRAR), LPS. PUdfhiie . p-HilgEmesh . M
FEAKMN . AT EL &-8 (CCK-8) . PHRLLY:
W . TRIzol {7 . RIPA 2l (TRIMIH kY
HARHEMRATE), SDF-1/CXCR4 I #EIMHEIF] (AM-
D3100) . M EE (V-5 B 55 R 2 ' 2/ Ak 79 e
(Annexin V-FITC/PD) 7= 350 & . fll 14 % 2 fifg
(alkaline phosphatase, ALP) ik & . 6% 5%
A& FhiR =i (OMEREDYEARAGRA
), M RFER F  (tumor necrosis factor, TN-
F) -a. H40fi/ % (interleukin, IL) -1, IL-6
it X G 2% W2 [t (enzyme-linked immunosorbent as-
say, ELISA) i3] & . SYBR"Premix Ex Taq™ Il
A& (Merck A H], f8E), BCAIRKHKI& . RIE
SDF-1, CXCR4. GAPDH —#i (Abcam 72} 7 ,
ED
1.13 %8s

BAnA . B . EANB RS (A5 55
J CLARIOstar, PXS850-T. FC 800-C, {55
BHEABR AR, i (8145 SP6900, TRYI|
KB AEYIRHE AT, SR O R A E
L. (real-time fluorescence quantitative polymerase
chain reaction, RT-qPCR) i (= QuantStudio
12K Flex, #ME&eAYHARGRAH]).
1.2 Jiik
1.2.1 hPDLSCs (85 7= Flifs 501k

AR S0 A A AT R 22 B 2 B SE R A 9T S 00 =
56 /8. hPDLSCs # F 75 5 A 10% Jif 4 IfiL 75 H1 1%
HEHE-PEEN o-MEM 555 d10AE 37 °C
T 1 pg/mL LPS &b B 24 h DABTHUAR SN o 8 i 56
JERAS, W41k B hPDLSCs % 50 umol/L
PUIRIMLER . 10 mmol/L B-H yl B fR £ A1 10 nmol/L
i FEORAN I B 5 S R G 9, B3 d i —
e

1.2.2 PUARFITT % hPDLSCs Fit 40 it 25 14 )

VUAR B TT ik 45 VA8 W AE — IR 3 R b il 45, I
T S5 I FH G 1M 37 45 57 50 B IS R B . K hP-
DLSCs #1796 fLAR h (2x10°4~/4L), WEHE 24 h
Ja, HZ&WRESSMNR0 (FH4) . 025, 0.5, 1,
2. 418 pmol/L P HIVT AL F 401 24 h, 24 h),
BFLANA 10 uL CCK-8 E W IF1£ 37 °C F HF &
2 h, i FHEEFRY T 450 nm P AR =G E (op-
tical density, OD) {H, & 4NMNG f1. MBI/
(%) = (WL PGHHIT 240 ODH/25 A4 ODfH) x
100%. 541858 6 I FATHE .

1.2.3 CCK-8 LK P44 5171 %F LPS 1755 ) hPDL-
SCs 5 7% 14 1) 5%

4 hPDLSCs $4 #8 % & A 1% 10°9~/4L 42 Fh 78 64L
Wb, Ao gl XFRRAL . PERE S TT AR e E 4
(0.5 umol/L) . PUAEHITT ML (1 pmol/L) . 7§
AT M E 4L (2 wmol/L) . PEAR B T v vk JiE +
AMD31004H (2 pmol/L+10 pg/mL), BR=s 44k,
HAK 416 1 pg/mL LPS ¥ i 2] hPDLSCs 15 37
FErffE 37 °CF AL FE 24 h IR hPDLSCs 4 4 AE i
WG SRIEVERSHIITAR . b, =¥k 41 hDLSCs
FIREFRIEF A 0.5, 1. 2 umol/L FGA& 51T ;
PEAR HITT 2 e JBE+AMD3100 4H 1] hPDLSCs 14 35 55
Fim A 2 pmol/L 75 4% 1 7T F1 10 pg/mL AMD
3100", KB 6 M PATHE . 2ol 35 5% 24, 48,
72h)5, LA 10 uL CCK-8 ¥k, F17E 37 °C
THEBEE 2 ho Al HIBEARIXAE 450 nm A AR 54
AL ODME, THHAMAEYE (%) = (F4bHd]
OD1H/%S FIZHODMH) *x100%.

1.2.4 JH AR hPDLSCs /T

F¢ 1.2.3 WY 77 1 o 2 F ik B 45 2H hPDLSCs I
B 72 h, BB, JFEE T 500 pL 45
AW, MEJE, A S uL Annexin V-FITC fil
SuL PIY AR, A5 #CIER 30 min, )5,
el I 4 A SCAS I 4 R T
1.2.5 hPDLSCs B H 531k fie 1 1

PEELT YL F I 1.2.3 TP T B AT 4 2 AN
LhEE RIE A ERCE IS R R, R 21d
&, FH4% 2B B EEAE 4 °CF [# £ hPDLSCs 15 min.,
SR K 20 B S AR I B0 B FL R Y 0.2% PE R LI TR
— I E 30 min, e, WIMBRWED LY
DL, R THALPE R e sh i, K 400 uL 10%
SAE 7S e FE ML E I A G o 1 85 SR A h R R )
FOURR Y, FF7E 562 nm &b & OD {H (OD.,,,)
ity R, YL s B S OD,, ,, B K
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& FL T R 2% 30 min, R ELARE Y 12 000xg B0
10 min, W EVEW o SR 5K FOE WO A 96 fL Ak
(50 uL/AL) Hr, B EIE EVE W ALP IE P
1.2.6 ELISA # il hPDLSCs 1% 5% I 1% W T & 4

TR

2 1.2.3 0 77 1 4 4L A B 4% 2 hPDLSCs 3
B3 72 h, WS hPDLSCs 595 FIW, 1E4°CF
12 000xg 250> 10 min, fiff F§ ELISA 2t 7] & I & |
TR JAE N T TNF-a, IL-1B. TL-6 f9/KF .
1.2.7 RT-qPCR %3 il hPDLSCs H i B 43 fh Al 56 %&

Runt fHEF4 5% K72 (runt-associated tran-
scription factor 2, RUNX2) . H #5 % (os-
teocalcin, OCN) . ‘H# & 1 (osteopontin,
OPN) FISDF-1, CXCR4 mRNA ik

W #E 1.2.6 149 hPDLSCs, {ifi Jf] TRIzoli® 7] A
hPDLSCs 1 #2 B 5 RNA, 13 4% 5%y cDNA. fifi F
SYBR*Premix Ex Taq™ Il & 5| £ 7£ RT-qPCR 1% I

AT o 28 uL WA Z : 3 uL cDNA, 7 uL
G . 2 L IEM S Y. 2 uL K EIH . 2 ul
DNA % 4. 12 pL ddH,0. ¥ 851 97 °C,
4 min; 97°C. 11s, 72°C. 195, 76 °C. 14s,
L 40 MEER o SR 270y v T I R (1 A X R
ik#, GAPDH y mRNA NS RIE, 514 H M
SRV HARGRAR G, 519FH0ER 1,
1.2.8 Western blot £ il APDLSCs ' SDF-1, CXC-
R4 KA

We4E 1.2.7 H () hPDLSCs, i I RIPA 2L B0k
£ 2l 1) hPDLSCs 7¢ 7K I 24 fi# 30 min, 4K J5 £ F
BCA I & AR U S L Bk B2, 4% 20 pg A
Fte s AT BE RS LUK 2 B, IR 2 R I L
Wl . ARG, TEEM T 5% WIR 4 05 3641 2 h,
B 5 PR — P SDE-1 (1 : 780) . CXCR4 (1:
760) . GAPDH (1:1950) fE4°C FIHH 17,
SRIGTEEWR P IMAEd R =% (1:3150) 1h,
bR EA S Tk, L GAPDH hNS:
HALE AR KB

® 1 FATRI-qPCREIZIHFFI
Tab 1 Primer sequences for RT-qPCR

HE PR 44 EREY (57-37) KI5 (57-37)
RUNX2 CGAATGGCTAGCACGCTATTAA GTCGCCATAACAGATTCATCCG
OCN TCACACTCCTCGCCCTATT GATGTGGTCAGCCAACTCG
OPN TCCTAGCCCCACAGACCCTT CACACTATCACCTCGGCCAT
SDF-1 ATTCTCAACACTCCAAACTGTGC CGGTATGAACTGAACTTGCAATG
CXCR4 AGCTGTTGGTGACACGCGTGGTCTATG GCACTACTGGTGGCCCTTGGAGTATGA
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

1.3 Geitirik

4 K SPSS 26.0 F i AT a1t o b, Y
HpRifE 2= Ron iR Ok, Z 4B BRI R
J7 255 M, 2R P PR LL 3R ) SNK-¢ K B, P<
0.05 KR ERA G 7R L.

2 £R

2.1 PEREFNTT X hPDLSCs i 11 (5% i

50 pmol/L Lb#%, WefEE#0.25, 0.5, 1, 2 pmol/L
B PG A% 511 7T % hPDLSCs 1 77 JC & 3 %, 17 4 Al
8 wmol/L 4 PG 4% 31| 7T 1] i 3 (% {ik hPDLSCs i /1
(P<0.05, K1), P4 hPDLSCs i /10 i 5 50
190.5. 1. 2 wmol/L PUAgFNTT Mk B HEAT 5 2L 505
2.2 PEARFINTT X} LPS 5 5 19 hPDLSCs 34 58 1 4 114

Al

5o HA R, X R4 hPDLSCs 3 5E 16 P i

FIEAR (P<0.05); SxFHR4lrbi, FiMssITIK.
W T Mk B 41 hPDLSCs 3 5 i K IR TH i (P<
0.05); SPUA&HITT mk BEAL g, Fakga0IT vk
J£+AMD3100 20 hPDLSCs M4 51 7 1 i F B (P<
0.05, %2),

110
1001
90

801

YIS F1/%
[

70

603 3 7 3 5§ 10
FEAS ST HE/ (umol/L )

5 0 pmol/L PUAE T HL#E, *P<0.05,
F 1 PE# 17T X hPDLSCs i J1 (505

Fig 1 Effect of sitagliptin on the activity of hPDLSCs
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Tab 2 Comparison of proliferative activity of hPDL-

SCs in each group % , n=6, Xts

TG
215
24 h 48 h 72h
A 100.00£0.00  100.00+0.00  100.00+0.00
ol 2 42.07£6.02°  38.09+£4.52°  32.19+£4.72°
PR HIITIRIRIZ A 60.13+8.11°  53.3846.90°  48.25+5.96"

PEREHITT I EEAL  73.06£9.07°  67.94+8.57™  61.58+7.04™
PEARFNT m ik E 4L 86.38+8.19%¢ 79.76+10.14%¢  72.90+9.15%4
PR HIVT mik E+  51.74+£7.08°  45.21£6.35¢  41.55+6.03¢
AMD3100 41
T BEAHILE, P<0.05; SIRALE, *P<0.05; 5T
R FNIT AR BE AL L e, °P<0.05; STE4 30T Pk 4L g, 9P<
0.05; SPURRSITT ik B kAL, °P<0.05,
2.3 PUkEHIVT A LPS 3553 19 hPDLSCs i 1= HY 52 i
ZHEH . XA PUAR ST AR A . DAk
GITT e BEA . VOAR ST e R AL . VAR S TT
e E+AMD3100 20 hPDLSCs T30 5 8 (4.17+

0.49) % . (21.53+2.68) % . (16.85+1.94) % .
(12.70+1.42) %. (8.26+0.95) %. (18.21£2.03) %.
Sas R, % IEZH hPDLSCs i 173K 2 7 &
(P<0.05); SxfRA4LIbAr, PERgEITTAL. . mik
Ji 20 hPDLSCs A TR IKFEAL (P<0.05); 5754
GITT e FE AL b, VEAR B1TT = v B +AMD3100
ZH hPDLSCs TR 2 F Fhm (P<0.05, [E2).
2.4 VUAEFIIT X LPS 55 1Y hPDLSCs W i 73 fk fig

paliohA|

5 {4 b, X4 hPDLSCs a4y
BoE s D, YL o nm B ALP 35 E AR (P<
0.05); SXFHAtbis, PURgIITTAL. . ke
20 hPDLSCs H i (45 1y B AR U3 i, e (5 5
FIALP IR PEARIR T (P<0.05); SVGHS0TT Rk
FEA LbH, VU HITT iR e B +AMD3100 20 hPDL-
SCs W fL 25 1 $c s i /b, Y (558 B A ALP 3% P
BFRE (P<0.05), W3, 4.

10* 10* 104
1034 103 1034
& 1074 & 1074
104 10!+
10° e ey e r 10° rery ey e T 10° o ey o .
10 10t 10> 10°  10% 10° 10t 10* 10*  10¢ 10 10t 10> 10° 10*
A Annexin V-FITC B Annexin V-FITC C Annexin V-FITC
10* 10* 10*
10% 10%4 10%4
/1074 1074 & 1074
10 101, 10'4
10° e i e T 10° e ey e T 10° T ey e T
10 10" 10> 10® 10% 10 10" 10> 10°® 10* 10 10 10> 10°® 10*
D Annexin V-FITC E Annexin V-FITC F Annexin V-FITC

A: A4 B: XTHRYL; C: PURSHITIRIRIELL; D: POtgFNTTHhRIELDL; E: PUMsHNTT =R F: PUREHTT =R +AMD3100 41 .
[ 2 441 hPDLSCs Tl

Fig 2 Apoptosis map of hPDLSCs in each group

2.5 PE#EF{T X%} hPDLSCs 15 3% |- 7% ¥ 'F TNF-a.,

IL-1B. IL-6 FIA7KF (152

Hoas A Ee, XFIRZH hPDLSCs 15 3% b5
1 TNF-a, IL-1B. IL-6 Fik/KFE B ETE (P<
0.05); SXFMAtbir, PURIITTAL. . ke
2/ hPLSCs 53¢ FIE W P TNF-a, IL-1p. IL-6 £ ik
AR RS (P<0.05) 5 SV 5TT i vk BE 41 1L
B, PHRE AT i e EE+AMD3100 20 hPDLSCs 85 55

L35 TNF-0, IL-1B, TL-6 335 7K & 2 T &
(P<0.05, KEl5).
2.6 VU T X LPS 755 A9 hPDLSCs H' RUNX2,
OCN. OPN mRNA ik 7Kl 51
a4 e, XFHE41 hPDLSCs H RUNX2
OCN. OPN mRNA ik /K &AL (P<0.05) ;
X R A, VOARSIVT R . . vk B 4 hP-
DLSCs #' RUNX2, OCN. OPN mRNA % ik 7K
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KT (P<0.05); SPEA850TT &k 4 i,
VPEA& AT 1= M BE +AMD3100 41 hPDLSCs H1 RUN-

X2. OCN., OPN mRNA ik
0.05, E6),

KK B AL (P<

A: A B: XYL C: VOSSR D: VEARSIT I ELL; B: POMSHITT Sk A F: PEMHITT ik EE+AMD3 100 41 .
B 3 K20 hPDLSCs W L5 LMl PERLT YL % 200

Fig 3 Formation of mineralized nodules in hPDLSCs of each group alizarin red staining  x 200
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Fig 4 Comparison of staining intensity (left) and ALP activity (right) of hPDLSCs in each group

2.7 PEA&FIT X LPS 5 5 19 hPDLSCs ' SDF-1,

CXCR4 mRNA FIEE [ 357K (5% 1

525 (4l b4, X84 hPDLSCs 1 SDF-1,
CXCR4 mRNA Fl [ R KK i FHREAL (P<
0.05); SXTHAILE, PUgsIITAC. . mHkE
20 hPDLSCs H' SDF-1, CXCR4 mRNA 1% %35
KRR T (P<0.05) ;5 S5 VEH BT o e & 41
B, POKE HI T B Uk BE +AMD3100 20 hPDLSCs
SDF-1. CXCR4 mRNA FlIZE [ 1k K- i 3 FE AL
(P<0.05, K7, 8).

3 itig

VE R L B G HEBOR Y B, LPS &Y
TR B LA R, BAPFRNIRGE, BRIER
o LPS 7K AT 50 2 o R TS R B, KOs
FIEALURIE R, AN, LPS B HHIEH nl FE K
AR hPDLSCs 9 Bl B 43k, FEARBESE H, hP-
DLSCs 5 1 pg/mL i) LPS B R M40 R AR A . 5
SETT A RIISE R — 3, A FE T LPSHf, hP-
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T2 RRMMINT, 4 TNF-a. IL-6 Fl1L-
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