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Expression of Del-1 in human periodontal ligament cells and its related inflammatory
mechanism
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of NMU , Nanjing 210029, China

[Abstract] Objective: To investigate whether Del-1 is expressed in human periodontal ligament cells (hPDLCs) , and the effect of
lipopolysaccharides (LPS)on the expression of Del-1 in hPDLCs, and to explore the potential mechanism of Del-1 in the development of
periodontitis. Methods: HPDLCs were isolated and cultured by tissue block method, and immunofluorescence assay, flow cytometry
and Matrigel assay were used to identify cells. Immunofluorescence was used to detect if Del-1 was expressed in hPDLCs. Then
variable concentrations of LPS were used to stimulate hPDLCs, and the expression of Del-1 was detected. The optimal concentration of
LPS was selected, based on the most significant decrease of Del-1. The optimal concentration was selected to be used in the time-
dependent experiment. The expressions of Del-1 and 1L-6 were respectively assayed. hPDLCs were pretreated with Del-1 of variable
concentrations (0, 0.05, 0.5 and 5 pg/mL) for 1 h, and then stimulated with LPS for 24 h. The expressions of IL-6 were assayed.
hPDLCs were pretreated with the optimal concentration of Del-1 for 1 h, and then stimulated with LPS for 10 min, for detecting the
phosphorylation of IkBa. Results: Del-1 could be expressed in hPDLCs, locating in cytoplasm of hPDLCs. The expressions of Del-1
were significantly down-regulated by LPS in a dose-independent and time-independent manner, which were contrary to IL-6. Del-1
could down - regulate the expression of IL -6 which was induced by LPS and inhibit the phosphorylation of IkBa in hPDLCs.
Conclusions: Our study discovered for the first time that Del-1 could be expressed in hPDLCs, and it was down-regulated by LPS in
hPDLCs, Del-1 could suppress the phosphorylation of NF-kB, playing an antagonistic role in the development of periodontitis.
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[ Acta Univ Med Nanjing,2018,38(07):915-921, 927]

[(E2TB] ERARPARSE(81771074,81470749) 5 LA mik A ARBH-EBE T H AT H (16KTA320001) 5 VT34 19 = 0 T
FE AT (LGY2016048 ) s V1754 e e ey bt i TR 9y (2014-37)
SH{F1E#H (Corresponding author) , E-mail : yanxu@njmu.edu.cn ; yuxuantianqing@163.com



- 916 - [kl

NI S

o5 38 B4 7 1Y)
20184E7 H

KRR I AT J) SR SRS R R e 1
PRI , T BEAE PR HAR B A 1 . BRI Z 5T
RIA AR 5108 T 0 Gy ARG, 2 Jl 5 i KR 43
H IR h T R Y S N T R
F14) 928 200 R A A A L AR A S A ST Rl 2 A
N PR 1, e 2 P BUF SR AT 1 R B 1 IR
AT A 228, R B0RTE N 2R (lipopoly-
saccharides, LPS) ;& —F i 2L 1Y 5 J) A, e ELAEAE
T8 R A, o1 R 2R . Wi,
BT TE A 20RO R RS IE
LPS fg38 1 7% b 4% A F (nuclear factor, NF) -k B 18 %
VS R AR RIA I REICIE N 7, i & -
6(interleukin-6,11.-6) . &3 SR HE K F-o (tumor necro-
sis factor-oc, TNF-au ) 55 , “A7 LPS $0 3[R G v 412 A8 R
55, Hor TL-6 R 4000361 e e 4 e e Jert e A 2 s i 2 1 7
BB AE T 0B A AT R0 A, P Bk i, 33k
PR RIIR = N T T 4 40 2 (human
periodontal ligament fibroblasts , hPDLCs ) /& 4" JE JiE e
B F B A AR, AR LPS T AT AR SE R o
VA LPS H 34 A ¥R 40 A, hPDLCs # 9 FHVE AR S5
I JE A S A

Del-1 (developmental endothelial locus-1), X 44
EDIL3 (EGF - like repeats and discoidin I -like do-
main 3) , T 0 UL N B2 40 B 4306 ) — Fl bl 2 1 T
R, AR WEFER W] Del-1 LAHZURR LY
J5 AE/INUR it S IRZA b i ek e R 21
WAL, DRTFFFEIAA Del- 1 2—FMRAFA {2 M
AT, TE RIS —Fh e i 45 R, 78
RAETESR H HA TR

AT R I R R S8 IR ZUR Del-1 3835
WD TR R SR Del-1 AL, LAMIF
ER BN 1 K 40 AT DL 35K Del -1, 1fii Del-1
TE hPDLCs Hv e 757 22 1k i oK WA IE , I HHAE F
R A KR BV E BT TEAT 480 AR N v O DG
il . R, AFTEUEE T Del-1£E hPDLCs H i3
ik, ZAE LPSYERT T Del-1 35102840, Jyitt—HA4R5%
Del- 1 1£ LPS il i ] 72 58 Ji] 5 B AR rp ML 412 {1t 2
filt, RIS JE A Y S 2 AL S T v S B

1 #EIAEE

1.1 #H#
DB K N B2 40 2 (human umbilical vein endo-
thelial cells, HUVECs ) >4 B 51 B= B A~ F i fF

DMEM Jii 4 i (FBS) OBt (758 % 100 U/L,
R 100 pg/L) R H R (Gibeo 24 H) , FE) 5 e
PN Del-1 HiiR (Abcam 23w, el ), ERPT A CD314T
R(CST AR, ), Pt A vWFHLIK (Abcam A /],
Yo, Cy3bric tEhi b IeG(H+L) (FITCARic 1L =F
PR 1gG (H+L) \DAPI( 38 = K ANE])  IEH 111
M3 P (R A0 =) R B AR I L 2Bt
42 1gG (H+L) (Peprotech 28 Al , 2 [# ) , CCK8 12 71 £
(7L Biosharp INCIDN =41 LPS(Invivogen NS
), A IL-6 22 it 23 B B I S e A U0 6 4
Del-1 81 (R&D A A, EE) , bt A p-IkBodifh
i IkBabi ik (R LA AE W), CO, =R F74
(Thermo 2y Al , 2E[E ), CD31-PEHU{K (Biolegend A HJ
), vWF-FITC HiT/& (Abcam /A 7], #E[F] ) , Martrigel
HFE (BD A, 3£ ), FIX&PERM Kit [#] 7 il 571
(R R AR .

12 Fik
1.2.1 hPDLCs #94k 9P 3%

2016 4F 6—9 H W AEA B H it i A eH 112
12~18 2 il 5 /0417 PR 1 W 2 T 44 9% 190 L T s
TR L A E RS, CE AT
AR H 173 119 28 JE IS A 2 B e 5 8 BT 4 i 2 20
P51 8 F 25 em® (IS FRR N BE L INA 4 mL &
15% FBS ) DMEM #5552 , & T 5% CO,, 37 CHi 57
FE PO (4 R BE | 4~6 h 5 T2 18 B B R
o RIS , B0 3~4 d ¥R . SWIP 22
T R % 5 4~ 8 AR 4 T2
122 ARX RS T mie kA

U4 448 hPDLCs F HUVECs,, J5 i 1 Ak i i 40
MR, B0, 37 3 1 mL VK@ 1 PBS(45 5%FBS)
R 20 R, TR Y A B R Sl 1.0x10° 4N/
1 200 r/min #Z5.05 5 min, 5 3, B A 100 wL PE
FRICHI CD31 HriARER PBS BAYEXT IR, R i HETR 2,
FEIR TN REIEF 15 min, YE¥, 300 g 0 5 minx2;
FEEMA 100 wL A W CEER]) , 5 T #EmE
15 min, ¥E4, 300 g B0 5 minx2; FAF A 100 pL
B (B | 23R TG R 15 min, PEi%,300 g
B0 S minx2; BHE A 100 WL FITC FRig A vWF $T
PRl PBS [FHEXT IR, 28 BB 3 15 min, YR,
300 g B0 5 minx2; [ AR H A 300 pL PBS
RN, F A I
123 HRAME BTG I

U 448 hPDLCs I HUVECs, BREG AL , 8.0,
F0 E NS B A M SR A MR, AR
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BT, TR AN R 2.0 10° 4 /mL, A0 T4l
i Matrigel &2 19 96 LA, BEALHINA 200 L 41 i
W AR FRA R B 9% 24 1, 80 LA P IEE,
1.2.4 b s gz 3 bl & G Rk

HOW0AE K 9 hPDLCs , J 7t 15 1 il 20 i
T, VR AN L 535 Ry 2.0x 104 /mL, 3ERh T4l A 353k
F 12 LM, 4L 2 mL, 24 h J5 BUH 2538 F L 4%
1 22 5 F 0 [ 5 30 min, PBS P84 3 WK, UK 5 min,
0.5% 1 Triton X-100 i B & 8 i 10 min, PBS P %
3K, BFIK S min, AILAGEH 1L 1003% PP 37 C
TEYRA I E 1 h, W I3, N A RBTA Del-1 4
A (1:250) . BT A CD31 Hi4K (1:1 000) , Hdit A
VWEFHLIA(1:250) 4 CIRE MR . PBSTEL 3K,
FFYK 5 min, A 230 : Cy3 bRic LI 2EH % 1gG (H+L)
FIFITC #ric 1 =E 4T B 1gG (H+L) |, % B¢ L4711 51 4
1:500, ¥ £ 938G 37 CHEIRAE NI F 1 h, PBS 7%
% 3 UK, BRI S min, &6 IT A DAPI 80 s, PBS ¥t
W3 W BHR S ming BT AREESOCHIGNE A HE
TSP B B B YOG R ST AR AE
125 Skhoa

$ 4~8 X hPDLCs % 2.5% 10°~/mL 427 F 6 £L
Mo, LA S A He BE LPS (0. 1.2, 10 pg/mL) Y
DMEM $5 35 0RIB AN, ARHE Del-1 2 (80 Bl i
PR AL BV BT 5 P LA MR B LPS Ab FR 241 AN (] B
[6](0.6.12.24 .48 h) , F| ] Western blot Fil ELISA 4}
SR 4520 Del-1 25 1 & IL-6 1Y F357K -, AR
e FE 1) Del-1 814 (0.,0.05.0.50,5.00 pg/mlL) FikbH
AHME 1 h, PR S B R EE LPS B9 DMEM 1537 5%
7% 24 h, FI ] ELISA #5004 20 1L-6 1Y 2R3k KF- o
Jei P B3 LR () Del- 1 25 F AL BRAA A 1 h, F4
FH AR e B AN i B LPS A9 DMEM R 58 55 57
10 min, F| F§ Western blot £ %2l Ik Ba il p-Ik BaFk
FHARIR K
1.2.6 CCKS rb &, x40 4m Ao 38 75

EBORT 50 A A 1 A 200 L, 2 T A o B v, A
H N L% N 2.0% 10, 4280 F 96 FLAR H
FL 100 L, F HLEE 37 24 h 5 AR I 5256404 i AR TR
WELPS(0.1.2.10 pg/mL) . F4HP 5N E 1L, 4
557 24 h RN 48 h, SC 2% R BB AL A 10 pL
CCK8 K , TEAN M XE FRAE keI & 2 h, HIBEFRAY
M 5E 450 nm AL AIIEOGIE
1.2.7 Western blot 4 & & & &

2 M AR N A0 RS WSO A A 4 L, 2 BRI
WIS 11 o 75 5 M il 45 4 B v B 9

R AW -5 A TR B E AR E
PVDF [, ] 5% AE W38y 5% 5% BSA 473141,
n—t 4 Cik % % 5 (GAPDH F1B-Tubulin A N2,
1:1 000 Fiké; H AU Del-1 4218 1:10 000 Fi B, p-
IkBafll IkBa i 8 1:1 000 Fi B ) . —HiH RIS
1 h, 3EVEE I ECL & )65, B T ImageQuant #E i 1%,
BRAGHIR
1.2.8 ELISA #m) m i B 5 IL-6 84 & ik

WO HE 1) 40 T A5 1 3 SRR T VS R 4R R
ELISA G & AU 45 . 70 RS TRl B2 (R bR o it
20 S5 1 3 W (100 wL/AL) In A8 T A IL-6
FAFTIY) 96 FLAR T, SR FHSUTAAR e 00326 T TL-6 201 fif
FIFRIEAKT . Kb a , AR R T
K 450 nm P CEEE . HRAE TL-6 A54fE 5 450 nm 4k
A WG Y B L 225 Wl s o P £, 3330 i 2 1 40 B 4 1
RSP TL-6 O & i,
1.3 “%itFriE

K SPSS17.0 8- A T e vt 25500 , 22418 i
TERL IR FHEL R 2R 5 26 00 A , 22 4 18] 7 7 LA ik
FH LSD-1 K 56 (77 2255 1)) 3% Dunnett’ s T3 K56 (5 2
AFEHD) AP <0.05 A 2ZERAH G FE L.

2 # R

2.1 2R IR BEG hPDLCs 89 %52

Y1 G 5 9 25 R i 7R hPDLCs A ik Y B2 441
J A S AR IO CD31 I VWE (B 1) o =i i A
SCIRZE R (K] 2) #E— A T g . IRSME IR Y
BRS04 S 7, A 2L I B 5 B9 hPDLCs ANfig
TE Matrigel f%¢ I JE 145 s FE 254 (&1 3A) |, 1 HU-
VECs 1] LL7E Matrigel & I T2 h{ 45 18 25 14 ( 1&]
3B). Zr LJTR, LA HEIREUAY hPDLCs Ry 4 J&] i
SRR I BCEF 2R 2R A, L AN 5 I PN R 2 A
2.2 Del-1% @ T £ hPDLCs ¥ & A&

2 O B 95 52 K6 Del -1 28 47 hPDLCs 1Y 3
IR, 455 R Del-11E hPDLCs Fh 363k, Jf @i
T hPDLCs UL v, Del-1 85 (1 s ML GOS0, 40
WAz b A i O R (K 4) o
2.3 LPS % hPDLCs 48 feL 38 74 649 %5 )

CCK8 S5 25 2 /R, AN Al vk B LPS 7F 24 h )¢
48 h B X hPDLCs A4 5 JC B W 52 i , 41 [A] Jo4t i1
ZR(P>0.05,K5),

2.4 LPS## A hPDLCs &3k Del-1% & 69 %

Western blot £ {l] LPS | 3 %F Del -1 335 i) 52
M, Z55 R, 7E LPSHIBA R, Del-1 F3k080/0, H7E
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Figure 1 Identification of hPDLCs by immunofluorescence assay (x100)
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Figure 2 Identification the phenotype of hPDLCs by flow cytometry

isf [i] , 485 2% fnb 7 it I 35 () 1) 2B 4K Deel- 1 8 11 3R 3K
W 7R 24 hFRB WD Z (Fl6), 225 HA5
TH# 2 (P <0.01), i8] LPS 7] K & hPDLCs Del-
1 FRIA
2.5 LPS#I# hPDLCs * 1L-6 ik 44 %
: : 45 B R, hPDLCs H IL-6 75 [ 1Y 2514l LPS ik
A:éﬁléﬁi‘kzwf(ﬁi’z hPEL(zs &‘N{/mfil%fﬂ&LH@Uﬁ KPS prpymahnimise £, HAE | we/mlL i 1800 55 2 (R
B:HUVECs 7 Matrigel ML L02L KPS, 7A). KFH1 pg/mL LPS b BN AR ][], 45 5
B3 SNSRI LS B (x100) . , ‘ e e
. . 7R 1L-6 25 76 il 38 24 h 5 263k B4 38 in fe 3 (1A
Figure 3 Results of Matrigel assay (x100) n -
7B) , 58] LPS A {2 #F hPDLCs ik [L-6, %5
1 wg/mL IS 2 (HHIKOP R BE LPS YR FE I3 Del-1 F5 A3 AMT , #2875 Del-1 AT REXT 1L-6 [ 5 ik
T (K 6) . KA1 we/mL LPSAMHANMARTE 45— Ve,
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B4 ZAESRE KT Del-1E |7 hPDLCs RRYRIX
Figure 4 Immunofluorescence assay the expression of Del-1 in hPDLCs
)5 OLPS(0 pg/mL)
- WLPS(1 pg/mL) LPS(g/mlL.) LPS(1 pg/ml.)
20 OLPS(2 pg/mL) 0 1 2 10 Oh 6h 12h24h48h
_ ELPS(10 pg/mL) Del-] 0 e e o - — e — —— 52 kDa
£ 15+
b
g 1.0 - GAPDH b o=e ab = P ——L N
0.5 1 i i
210 2 10
0.0 ﬁ 0.8 sl ekl ok ﬁ 0.8 x sk
24h 48 h = 06 =06 S
B 5 CCKS8#ifll 24 h 148 h Bt hPDLCs Z£ 7 [6] LPS iR B 04 7 04 ﬂ m
N 0.2 0.2
THIIETEER Tooll LI T ] = ool LTI T
Figure 5 CCKS8 assay under different LPS concentrations = 0 1 2 10 = Oh 6h 12h24h48h
LPS(jug/mL) LPS(1 pg/mL.)
at24 hand 48 h

2.6 Del-1%F LPS #5589 [L-6 & 3A 649 %)

FHAST] 6 E (0,0.05,0.50 F15.00 pg/mL) f¥) Del-
1 25 AL BE hPDLCs 1 h, FEH] 1 pg/mL % LPS #l3%
B LH AN 24 h, FFH ELISA K630 4% 2H 1L-6 19 235 7K
o GER TR, B Del-1 85 AU THE L 1L-6 %
IR 7 0.50 we/mL I /D R 3, Bt JEAR A
Fifa s (K8) . #78 Del-1 %7 hPDLCs 7 LPS Hil 3% T
(1 1L-6 Feih A —E IR
2.7 Del-13+ LPS# 5 hPDLCs Ik Ba#k B8 4L & % v

P ARSI 4H 0.5 wg/mL 1 Del-1 45 (A kb #
A0 1 b, B AR R BE (0.1 we/ml) B A i Bk
(1.0 pg/mL) 1 LPS H LA M 10 min, Western blot £
W p-IkBa f IkBa [ R IE K- o S5 R BIR , 1 hP-
DLCs H ARV B AR MR B 19 LPS 27 AT fiff Ik BaliiR
b, oAUk B 1 LPS /B FHBE 5% , 177 Del-1 n] #3] LPS
75 S 10 Ik BB R AL (1 9) , AT ) NF-w B 3 1)

ANTAIHE S LPS Al 1 g/mL LPS 4b# hPDLCs AN [E] 5 [6] )5 Del-1 2
HAEYZIA, SR, P <0.05,7P <0.01,”"P < 0.001;n=3,
B 6 Western blot #: il LPS 3 hPDLCs 3 i% Del-1 5= H Y
A
Figure 6 Effects of LPS on the expression of Del-1 protein
in hPDLCs

BE o HE7R Del-1 A 3 i NF-kB 18 B4 ] 48 0 I 1
IL-6 R RIA

3 3t i

VI R I Del-1 L FORIE TG & & i
T BRI R A, AR R AR 20
T & R Del-1 76 H A 5 A 1 P9z 41 L e 22
SR W20 B AR KB A 2k RIS
KRR 22 R GE R Rl A TP R R 4
RN O N AN NE g i o e g O
A DAZRIA Del-17"" AR URRSZH Aif 30138 o 2 2Lk m



38 EH T

- 920 - Mo BE R K o R 20184E7H
A 4001 s Del-1(pg/mL) 0 0 0 05 05
3507 LPS(pg/ml) 0 L0 01 10
300 e - .
E 250 A s p-lkBa 36 kDa
2200
S 150
= 100 IkBa § 36 kDa
50 1 ]
0 T T T
0 1 2 B-Tubulin  se— s— o— o— w55 kDa
LPS(pg/mL)
2.0
B 400+ ,
sk
3507 — Aokt
300+ s 197 : T !
= 2]
£ 2507 I *
22001 g 104
2 1501 ¥
= 100 &
50 031
0
2h 24 h 48h 0.0 H— . .
liS(lMgmL) Del-1(pg/mL) 0 0
LPS(pg/ml) 0 0.1 1.0 0.1 1.0

A A[AIH S LPS Xt hPDLCs #3K TL-6 AYRZIH 5 B2 1 pg/mL LPS &b
B hPDLCs 4 f A [5] 6] 8] TL-6 235 1484k 5 5% BREHAH L, P <
0.001,n=3.
B7 LPSXfhPDLCs %% IL-6 HI8200
Figure 7 Effects of LPS on the expression of IL-6 in hP-
DLCs

300

250
3 5004
E 200
£ 150

°

= 100
504
0

0 0. 05 0. 50
Del-1 (;Lg/mL)

X IRLAILL, P < 0.001,0=3,,
B8 N[EKE Del-13%f LPS %S hPDLCs FRiA IL-6 B2

Figure 8 Concentration-dependent effects of Del-1 on the

expression of IL-6 in hPDLCs under the induc-
tion of 1 pg/mL LPS

TARAG N F el B 1 A 40 M, I3l 2o B B 22 8 A b
A 5 H R R 2R R A 9 3 i 20 B e e
I AN A ARG ME Y BB B T 3RA5 i 20
AN B LA P R A, 5 R R A I ST A R —
o, A IE L 20 S B Western blot T UKHIE
I Del-1 A] 26 A JE RS20 M b 2235 , A i Gu2e 5 51
45 R Del-1/7 T-hPDLCs B

TF 5 ¢ B 2 i 4% 6 34 iR VA1 T P LPS 1) 5 REAE
2 peg/mLZEA M OARS G S5 G IR W9, BEE T
1.2.10 wg/mL % LPSAEH T hPDLCs , WA [R] ik i

‘P<0.05,"P<0.01,"P<0.001,n=3,
&9 Western blot #ill hPDLCs # p-IkBa#l IkBaE B &
KB
Figure 9 Expression of p-IkBa and IkBa protein in hP-
DLCs

LPS X} Del-1 £ [ X 5200 . 5K RUBK 461 % 30
1 pg/mL LPS X} hPDLCs B34 FE IR, 10 we/mL i}
A A G . MBS R 1 ng/mL 1
LPS X} hPDLCs f 3458 A BH 8 (90 H/EH o ARBIF5E
KPR LPS Y EEAE 1.2 F110 we/mL I XF hPDLCs )4
S TC I R, 5 Yamaji 5RO 45 0 — 2
2 SCHRSE g0 485 NS — 2, AT HEJ& hPDLCs YR U4
ANIE] (LPS [ A2 SO IR AN ] (LIPS Xof 40 AR FH ) B
AR BT S

Del-1 ZE A A 5T Bl IE ST 2 — P4 1l 7 A=
B R, A A T R it B S Y R R
YER—FERR B AN R T, Del- 1 AT 8 A B3
FifvJea Tk B S5 v R AP ey i A A, AR 2 AR A
FAERE AR 2R, R SO % 1 B 25
S22 — 1E 2 R A SR RAE Y, B — 254 Del -1
HRIEMERK AR, AR, BORBZ 15T
B AR TP TE Del- 1 5 RIEM KR, HFFEIESE
Del-1Z5 TR & 2 R ML A E
S5 P OPE SRAE TR BRI & A R R AR TR 4]
U R PE R H, Del -1 BB S T HURAEH o Bt
Del-15 F JA 4 (% 2 WIF UG Z F 561 , Shin 2"
3 Del-1 AT 9] 5 B B 240 B 1 434k, B il il -1 4 e
A I 5 2 RAS B Re A BR A 4Ry 5 Del -1
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B AT F ] A I . Folwaczny 55 24 & 8L 2
JE R BB FERA LU Del-1 FIRV8 /D , I Bl 95 9% 7™
R AIBE NN, Del-1 98 /0 SN o Fujimura 557
A A S22 B0 /N9 i A IO BE S R
S AMI T Del-1 RIAHE 2, 1L-6 KK /D , $271 Del
VTR SR SE e Rl oA B AR
AHFFE KB, hPDLCs 1 TL-6 (13 35 7K Bl LPS
W B3N S Bsf (R) B SE R Y 22, AT RGN
PRSI R, I ARSI LPS Y & 5L
F AR ARIEFEEA G . BEIIAE LPSHICT , hP-
DLCs 7 R AR SN 58 2 Ji 98 B RS B 4 s e oy o 7
LPSHI# T, hPDLCs ik 1Y Del-1 25 (80, (HH
IRZKF-Bifi LPS ¥ B 3G I AR R i, g T
LPSAUAE Ry 1 5AEHT, i) 7 hPDLCs H Del-1 13
8, IR KB LPS ¥R BE 38 i & A= 22 4k .
FE 1 pg/mL LPS BT, Bl 18] (1 2E 4, hPDLCs
F3K Del- 1 /0 , 76 24 h BFIg 45 %2, 48 h Bt s A 34
I H5 24 WA B, FEAS B F RS . ARSI IE
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