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[Abstract] Objective To investigate the effect of necrostatin - I (Nec - 1) on the biological
characteristics of periodontal ligament stem cells (PDLSCs) in the high - glucose environments in wvitro.

Methods PDLSCs were successfully cultured by single colony and divided into three groups according to
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the following treatments: control group (5 mmol/L glucose) , high-glucose group (25 mmol/L glucose) ,
high-glucose + Nec-1 group (25 mmol/L glucose + 30 pwmol/I, Nec-1). Western blot was used to detect the
expression of necroptosis related molecules (RIP1 and RIP3) and the cell proliferation of PDLSCs were
evaluated by MTT assay in the above three groups. The osteogenic differentiation of PDLSCs were
evaluated by alizarin red staining, the quantitative detection of alkaline phosphatase (ALP) and real-time
quantitative PCR assay. All statistical analyses were used SPSS 26.0 software. One way ANOVA was used
to compare the cell proliferation activity (A value of the MTT absorbance ) , the expression of ALP and the
relative levels of osteogenesis related genes (COLI, RUNX2, OCN) among the groups, and the L.SD-1 test
was used for multiple comparisons between the groups. Results Western blot showed that the expression
levels of RIP1 and RIP3 in high-glucose group were significantly higher than those in control group, while
significantly lower in high-glucose + Nec-1 group than in high-glucose group. The proliferation activity of
PDLSCs at day 7 in high-glucose group was significantly lower than that in the control group, and its MTT
absorbance (0.67 = 0.06) was significantly lower than that of the control group (1.23 + 0.12) (1=9.652,
P <0.001). After the inhibition of Nec-1, the proliferation activity of PDLSCs increased significantly, and
the MTT absorbance at day 7 of high-glucose + Nec-1 group (1.12+0.11) was significantly higher than that
of high - glucose group (0.67 +0.06) (1 = 8.185, P<0.001). Compared with the control group, the
mineralized nodules formed by PDLSCs at day 14, the levels of ALP (3.42 + 0.37) and the relative
expression of osteogenesis related genes COLI (1.86 + 0.16), RUNX2 (1.55 £ 0.23), OCN (1.08 + 0.20)
at day 7 were significantly lower in high-glucose group (typ=13.149, teo, = 14.257, trwe=7.593, tooy =
8.606, all P<0.001). After the inhibition of Nec-1, the osteogenic differentiation of PDLSCs increased,
and the mineralized nodules formed by PDLSCs at day 14, the levels of ALP (6.06+0.26) and the relative
expression of osteogenesis related genes COLI (3.64 = 0.30), RUNX2 (2.53 + 0.26), OCN (2.14 + 0.30)
at day 7 of high-glucose + Nec-1 group were significantly higher than those of high-glucose group (ti»=
13.033, tcou = 11.636, trowz = 6.332, toey = 6.573, all P<0.001). Conclusions The proliferation and
osteogenic differentiation of PDLSCs were inhibited in the high - glucose environments in witro. Nec - 1
significantly improved the proliferation and osteogenic differentiation of PDLSCs in the high - glucose
environments.

[Key words] Necrostatin - 1; Periodontal ligament; Stem cells; Biological characteristic;
Osteogenic differentiation
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HRER AL R, AR BY B R VEVE A 11 Ay T AL
Jis B (3 mg/mL) F Dispase (4 mg/mL) , JH 1L 40 min,
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15 2 LK 80% I}, JBE il 1 Ak , A% 1085 7%, i P3 AR
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FW R (3) B+ Nec-1 20 : PDLSC 78 & /A #ii %5
B (25 mmol/L)+Nec-1(30 wmol/L) E5 2k 557 .
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DU | £ e 348 B A D

5 P3AC PDLSC LA 1 x 10°4~/FL 40 Jif 25 Ji 42 b 1

96 fLAR IR, A S A E AL, B2 d I 1 IR, T8
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WA B (AL

AR R
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COLI F:5'-GGGCGAGTGCTGTGCTTT-3’ 180 NM_000089.4
R:5'-GACCCATTGGACCTGAACC-3’

RUNX2 F:5'-CACTGGCGCTGCAACAAGA-3’ 176 NM_001015051.4
R:5'-ACTTGGTTTTTCATAACAGCGGA-3’

OCN F:5'-ATGAGGACCCTCTCTCTGCTC-3’ 155 NM_199173.6
R:5'-CTAAACGGTGGTGCCATAGAT-3’

B-actin F:5'-GAGACCTTCAACACCCCAGCC-3' 160 NM_001101.5

R:5'-CATAGCACAGCTTCTCTTTAA-3’
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HEFARITHERE L,

s R

— AREME TR T BT 2

JFACEERN PDLSC, 5535 1 dJ5BE, 2 d Je7E4H 2]
JE A A 25 o, 14 d 2245 4RI A & 80% , 7]
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2R A PDLSC STRO-133A 15.38% (& 1E) .
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SR EOHEA S X R E, RIPL VRIP3 235 B
B T Nec-1 30 J5 , RIP1  RIP3 14 263k B 55 9 55
(K2).
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B-action

XA FgEdl R+ Nec-141

2 BRI A T 4 i R RIPT AT RIP3 2R3 5200

= TR SR SRR - 1 X SRR T
I JE RS 240 M B 1 55 i)

YHMEEE SR 7 d, MTT RS0 240 Jia 14 e 175 400, ] D 4%
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BTG 1 Bt A 4 % B ) ) S T RS I = (R 2) .
T ML A (EAESEIR S5 1.3 17 KB AT A4
(£4=3.980, P, 4 =0.004; £ 4= 7.046, Py, < 0.001 ; t7 4=
9.652, P7,<0.001) , H: PDLSC [ 38 4 15 71 %5 X%} B 441
B FAK . Wil +Nec-1 41 5 R WL A EL , HoA (B AE
KEFREE 1.3 7 KI5 25 T+ 5 (1= 2.866, Py =
0.021;:,=5.298, P;,=0.001;¢,,=8.185, P;,<0.001)
PDLSC R34 58 15 77 B B34 . 10 =5 4 +Nece-1 415
X RE 2 2 (8] 4% B B 5 A (B 22 S RS 127 X
(t14=1.551, P 4=0.159;t5,=1.637,P;,=0.140; £, 4=
1.547,P;,=0.161) , —. 3 PDLSC [ 4 T ) JC i 3%
AL (E3) .



164 rf AR ] i R AT 2 A (LT IR) 2022 4E 6 45 16 %45 3 Chin J Stomatol Res (Electronic Edition) , June 2022, Vol.16, No.3

2 AT JHETAIE(PDLSC) BI3EFH G F7 L (MTT 34600 490 nm P WOEHE A {H)

251 FEAS EABN EERPS EWPN F{E P{E
X BEZH 5 0.28+0.04 0.56£0.05 1.23+0.12 192.229 <0.001
o 5 0.17+0.05 0.32+0.05 0.67 +0.06 116.245 <0.001
B+ Nec-14H 5 0.25+0.03 0.51£0.06 1.12£0.11 184.496 <0.001
FA4 9.585 26.425 45.902
P 0.003 <0.001 <0.001
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P <0.001),
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T R PEIR S S MR 0] - L X R AR T
I T 40 e Al TR T 5 1) 2 i)
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B . LAY ALP 5 (0 Y (A 0 IR ZH v, ALP
T 1ESS (B 5A ~5B) 5 11128 Nec-1 11l 5 , b+ Nec-1
ZH M ALP W g B mBHA IR, ALP TR M5 (151 5C) o

ALP E SR, 4l S 35 9 7 d, & 4
PDLSC Y ALP 3Rk Bl k175 55 73 i) ] S 11
BT, B2 PDLSC (19 ALP 3835 & B e SLI 50

5 FRPPEIRGERE ST ) -1 (Nec- 1) 0 @ HEFREE T 2 JE T 406 (PDLSC) Sl M TR (ALP) SRISATEIR - A X IRZHO™ LI5S 7 dsB

WA LT 7 d; Co b+ Nee- 1 A LTS 7 do



rR A I s R A F T 2 7 (R TR0 2022 4F 6 A 5 16 45258 3 ) Chin ] Stomatol Res (Electronic Edition) , June 2022, Vol.16, No.3 165

R3 AU BT A (PDLSC) BB M BRI G 22 15 5 hk HEAR (520 nm KR IEOLTE A ()

251 FEAS EABN 3K EWPN F{E P{E
X BEZH 5 1.71+0.14 3.28+0.33 6.25+0.31 358.298 <0.001
o 5 0.87+0.17 1.80+0.24 3.42+0.37 112.192 <0.001
FEifi+Nec-1 41 5 1.31£0.17 2.99+0.39 6.06+0.26 350.625 <0.001
FAi 35.019 28.970 125.009
PAH <0.001 <0.001 <0.001

T AR T 250 AT LU AR L3055 1.3 17 RIS, 2520 PDLSC ) ALP 33K 7 ik (OB A ), JF I LSD- A 30 ifi A T4 R 2 H L 4K

1.3 F117 K b AT AL (4,0=8.646, P, < 0.001;
ts4=8.086, P;,<0.001; ¢ 4= 13.149, P, ,<0.001) ; £
Nec- 195 , EbE+Nec-1 H 5@ EHAH L, L ALP SR
IR AR 1 3N 7 R4 2 7 (14=4.166,
P1=0.003;14,=5.798, P,,<0.001;,,=13.033, Py 4 <
0.001) ; 177 F A+ Nec-1 415 XF BEZH 2 [R] 72 S 5655 3 R
TREF,ALP RIE T HEZRHI LG FE L (15,=
1.274,P;,=0.238;1,4=1.050,P;,=0.324; %3 . 1516).,

5w . a
| K=yl —ir—

6L W Efi+Nec-141

4 -
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N
T

0

EPN RPN IR
B 6 Fe PSRRI -1 (Nec-1) X RS T 4 S8 I+
A (PDLSC) Bl PERERR G (ALP) Ik i 520 g A I 20 ) e 2
AR L (P<0.01),

7N RTINS A I 3R - 1 X E R
T J BB 20 e i PR s 15 il

SIS 1 PCR R 40 M BB 45 9% 7 d e
F34H PDLSC i B BE ] COLI . RUNX2 .OCN ¥4 %%
I, A A S 6 BR A A L, PDLSC JE B Y COLI
RUNX2 ,OCN X 235 134 8 25 PR A1 Ceoons = 14257,
Peors < 0.001 5 trone: = 7.593 , Prow < 0.001 5 20cy = 8.606,
Pocy < 0.001) ; &5 Wi+Nec-1 41 5 &5 B2 AH Lk, PDLSC
JE MY COLI . RUNX2 ,OCN FH X2 3k 144 1 25 14
(tcor=11.636,Pcors < 0.001 ;tin=6.332, Prumy2 < 0.001;
tocy=6.573, Pocy < 0.001) ; 1M1 = Al +Nec- 1 21 5 % R ZH
Z ], BB AR G HE ] COLT . RUNX2 . OCN B A Xt 32
ki, ZF BTG E L (100=0.791, Peo =0.452;
trune = 1.268, Prowyz = 0.240; toey = 0.943, Pyey = 0.373;
#4 K7,

R4 BT 40 (PDLSC) i i AH G A

ik b
4 A LARIES
COLI RUNX2 OCN
XTHEZH 5 3.78+0.26 274+026  230+0.24
it 5 1.86+0.16 1.55£0.23  1.08+0.20
b+ Nec-141 5 3.642030  253+026  2.14%0.30
FAg 93.976 31.962 34.932
P{H <0.001 <0.001 <0.001

e SRR 2 2540 M7 LA 4 4 PDLSC () 0B A DG LA (COLL
RUNX2 ,OCN) AHX} Fe5k 48, I FH LSD- K 3t A7 41 ] 22 1 LU R

6 M XA
W A
W Ebli+Nec-12H
Eﬁ Al e
K A ..
g | o | |
B 5L
#
0
COL1 RUNX2 OCN

7 SERFEOEE B PCR AN 2 JE A 4 AfL (PDLSC ) Jli i AH Ok
ik COLI Yy T BREJE ; RUNX2 Sl RUNX i I+ 2; 0CN
FE S E AL R R 2 A G A L (P < 0.001) .
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2 JA 0 B 2697 B bR SE 90 TR 4 2L FE
A R F TR AR A B S5 ThRES . T A
ZH 2 (%) PDLSC AT 434k ok 2 Jo) RS20 A L i B 240 e
A B LA, o B A T AE R R 56, A
S o B B R RS SR A PDLSC #3A T STRO-1
15.38% , SCHR B UE A STRO-1 4y 5399 1a) 75 5 1 40 iy
FIARICH" 2R 5537 1 PDLSC N IA] 58 R 140, 48
11l , PDLSC Y 3458 F1 7346 55 Dl e 32 21 H BT AL OR 15
)= TR

W PR R85 4 v VA BE UM AU ) T L8N AN
i B 5404k , 4035 PDLSC FSC B 4, SCEkE
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HESE, BRI h PDLSC B34 fE 1 AU /AL BE
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RV RGN el £ = S AR PDLSC 1Y
BU5E 55 oA BE T 1 2 PRI R 2 2L A v R R A
PR [

AR LI, T IR IE A5 e 0 RS & g
s 2 CHEEMEM . SRR, T4 5
T AR O RO LA B A5 2 A A L 2 R A T R T 1
WHE, BN T L AE O, AT R B, b
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HEZH 1 5 CF 7 PE SR U 10 A= 2 A 35 ), 30461 741
Nec- 141 J5 , RIP1 RIP3 Zik A WLy 55 , 20 15
PG T, PDLSC AAAERR P PEIRFE , Nec-1 907 T 1
BEIREE T AP IR AE

Nec-1 % ki M i e 1L R Do B3t 7 O A8
BRI HEVER , Nec- 1 5 101 RIP-1 386 1% 15 1 FHL
Wi i e A= R P PR AT . AR 9E R R MR T
PDLSC 1) 4 i 34 78 136 3 506 FRZH R 1%, 1fif Nec-1 410
il J5 PDLSC () 4 i3 58 1% 138454 , Ui PH Nec-1 7615
B R85 T % PDLSC 3458 A DR 4P /R H o FR Al
Nec-1 ] f€ 38 32 ] PDLSC (9 FE B PESRBE 14 & 2
AT 300 e WA X5 PDLSC A4 40 45 i 52 i
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