b

OREEMFERE 202246118 $#30% F114
Journal of Prevention and Treatment for Stomatological Diseases, Nov. 2022, Vol.30 No.11 http://www.kqjbfz.com - 769 -

[ DOI]10.12016/j.issn.2096-1456.2022.11.002 - BEaarR -

RFEINE T B SHP2 Xt A ZF J&) & T 21 B 1 5
AR B 2 B9 =20

KL, REK, SEER, ETRM, EBE, £32F%, Fi
BARRKFEFREWEIRERER - &7 T 28K EKIESFH, LR &% (210008)

[WE] BB BT RIERSE A Sre MRS5S 2 (198 A 2 R B EREE 2 (Sre homology-2 domain contain-
ing protein tyrosine phosphatase-2, SHP2) X} A 2 J& i+ 2 i (human periodontal ligament stem cells , hPDLSCs ) 34
B KR S A ) V81 A T RIAR OCHILR] , o 2F J RGP SR BB A . Joik ol 0 B SRR ) A R SHIP2
LR hPDLSCs 41 i £ , il 1 RT-qPCR . Western blot IAIE SHP2 F) mft AT 7K S 5 438 FH e J8g SR ZE K -F-- o (tumor necro-
sis factor-oc, TNF-o0 ) F1 5 40 fifd /> 2 - 18 (interleukin-1B, IL-1B ) ZEAR /MELL 5 il FR 8% ; CCK-8 K6 1F # K2 48 0iE 5%
7R A% SHP2 X§ hPDLSCs 3 78 [ 5% Wil 5 B 1 5 R 1 (alkaline phosphatase , ALP) 4 (%, ALP 3% PEAG I  ARS %4
1, | RT-qPCR L) 2 Western blot H I 3% B 45 3 Western blot 46 5 {l SHP2 7F RE 5541, %F 22 24 J503% A 3 11k
it /4% A ¥~ B (mitogen—activated protein kinase/nuclear factor—xB, MAPK/NF—«B )il i 8 H U2 . R 1855
TR A 72 h S RSO B T R B R £ (508, 43 SHP2 shRNA i 2 1 5 75 1) T8 B 2 2.9
10° TU/mL; Western blot } RT-qPCR A ll % ¥ , SHP2 i {25 1) SHP2 25 11 S [R] i) 38 i #E FE AR (P < 0.001)
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[Abstract] Objective The purpose of this study was to clarify the regulatory effect and mechanism of Src homology-
2 domain containing protein tyrosine phosphatase-2 (SHP2) on human periodontal ligament stem cell (hPDLSC) prolifer-
ation and osteogenic differentiation under inflammatory environment and to provide a new target for the treatment of
periodontitis. Methods SHP2 was knocked down in hPDLSCs, and the transfection efficiency of SHP2 was detected by
RT-qPCR and Western blot. An in vitro inflammatory environment was created using tumor necrosis factor-a (TNF-o)
and interleukin-1f (IL-1B). The effect of SHP2 knockdown on hPDLSC viability under normal and inflammatory condi-
tions was detected by CCK-8, and the osteogenic capacity of hPDLSCs under normal and inflammatory conditions was
detected by ALP staining, ALP activity, ARS staining, RT - qPCR and Western blot. The mechanism by which SHP2
knockdown affected the MAPK pathway and its downstream NF- kB pathway under inflammatory conditions was as-
sessed by Western blot. Results Green fluorescence was observed after transfection for 72 h, and the titer of SHP2
shRNA recombinant lentivirus was 2.9x10° TU/mL. SHP2 expression was significantly downregulated in lentivirus-trans-
fected cells, as demonstrated by Western blot and RT - qPCR (P < 0.001). SHP2 knockdown inhibited hPDLSC prolifer-
ation to a certain extent and increased the expression of early osteogenic markers under normal conditions, including in-
creased ALP activity and increased ALP and COL-1 expression (P < 0.05). However, SHP2 knockdown exerted no ef-
fect on mineralized nodule formation. In the TNF-a- and IL-1B-induced inflammatory environment, SHP2 knockdown
exerted no effect on hPDLSC proliferation (P > 0.05). Osteogenic markers were upregulated (P < 0.05), and mineralized
nodules were significantly increased (P < 0.05) after SHP2 knockdown. Western blot analysis showed that p65 phosphor-
ylation and IkB-a degradation were reduced in SHP2-knockdown hPDLSCs in the inflammatory environment. Moreover,
SHP2 knockdown significantly inhibited the expression of p-p38 and p-JNK MAPK, which represent pathways upstream
of the NF-kB pathway (P < 0.05). Conclusion SHP2 knockdown did not affect cell viability but promoted the osteo-
genic potential of hPDLSCs by inhibiting the MAPK/NF - k B-mediated signaling pathway under inflammatory environ-
ment.

[Key words] periodontal ligament stem cell; proliferation; periodontitis; —tumor necrosis factor-o;  interleukin-
1B; inflammatory environment; Src homology-2 domain containing protein tyrosine phosphatase -2(SHP2);  gene
sliencing; osteogenesis; alkaline phosphatase; COL-1; MAPK/NF-kB signaling pathway
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FRAALIAZ— Pl BT TR HS T
T SR g 2 Jo P A A R B B0 A B, N TR A
Jil Chuman periodontal ligament stem cells, hPDLSCs )
S B JA R R 1Y) B AEL 200 R UL AELJR) A S A TR
Bl 7 hPDLSCs B F 73 AL RE J7 . A It WA i hi-
DLSCs HY BB AL, JEHOR A SAE PR 5T T B AL
AL A ARG BRHEE . A Sre [FJIHES
Fey 3, 2 19 £ H I 2 R W PR ¥ 2 (Sre homology-2 do-
main containing protein tyrosine phosphatase-2, SHP2)

S p AE 32 R 8 i G2 R AR 1 W R I8 11 (tyrosine-

protein phosphatase non-receptor type 11, PTPN11 ) 3
PR i B, I ) 1z 2 3k B IR 52 R R 1 I TR i TR T
(protein tyrosine phosphatase , PTP) . k£ 19 iiF
Y W], SHP2 768 # R B AP P % 22 G H %
(9 £ 1 7] i SHP2 5 7 8 i) 75 J5T 1 41 e (bone
mesenchymal stem cells, BMSCs ) F 44 41 55 5 FIAA P4
BIE A UIA OG> o {5 H AT SHP2 X -+ 48 Jfd i) &
TE A FH 1 A 438, SHP2 76 ] FR 85 LKA W]
20 I AT REXS JCH A E AN FEHT . SHP2 5 R4E
SR RE S R D), SHP2 5T -8 A=A L)
Lefie & M A - Ak AL 7 (AL 46 TL-18) B 77 A 4%
IR o SHP2 W UE 552 AT AETE AN [ £ 98 A 168
R IE SO T I RE . T SHP2 [ 2 5
JCE A AE 1 A 25 A I SHP2 ] ES 5 kY
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hPDLSCs B B 234k . SHP2 H FI7E &R 9E 514 T &
753977 hPDLSCs 9 J8 B 43 Ak LA K3 i ] Ay =0
5, HRT M TG IE o AS B 5 A a1 A I G AR
hPDLSCs H1 1) SHP2 3£ A, B 7E R m Ik SHP2 X 48
it B35 T hPDLSCs 3 56 1B 43 A6 1) 52 1), I B
FEAH AL

1 MEFTTE
L1 ERMHEMNE

hPDLSCs (Sciencell, 3¢ [¥] ) ; SHP2 shRNA 1 jix
7 #2318 21K [ pSLenti- U6-shRNA (PTPN11) -CMV -
EGFP-F2A-Puro-WPRE, FlTAEY , i 15 5 4R 1l
i (Gibeo, 2 [H ) ; 7 4% 75 K (Hyclone, 32 [H ) 5 = HH
DMEM 5 #3E (Gibeo, £ [ ) ; PBS (Gibeo, £ [H ) 3
M (CNW , 8 [5]) 5 245 1 Al i 0] (G = K, ) s RI-
PA 2 (R = K A D 5 5 IR oo (5 M 7 38
FEVPRHHCARRA At ED 5 UK e i (R o 42
s A= M FHCA IRA A, ED s TBS 22 v ik ( E 6
Y TRARAE, P ED & A B H CE=s
K, H ) ; CCK-8 15 & (Dojindo, H A ) 5 Bl 1 Wi
PR g e (0350 & (BB = K, i E) 5 95 R 41 S(Sigma,
FE ) ; FAL TSI FEREIE (Sigma, JE[F ) ; COL-1 9T
A (1:1 000, Abcam, 3% [E); RUNX2 /i 4£& (1: 1 000,
Abcam, 3¢ [E); ALP $T A (1:1 000, proteintech , ES
[€) ; GAPDH #7144 (1:5 000, Proteintech , 2 [ ; 1% [
F kB (nuclear factor kappa-B, NF-«kB) Hi & (p-p65 .
p65 1 1kBa, 1: 1 000, Affinity Biosciences, 3¢ €] ) ;
MAPK $i {£& (p-ERK , ERK , p-p38.p-38. p-JNK Fl
JNK, 1:1 000, Cell Signaling Technology, 3£ [# ) ; %
VR K FR —i (1:5 000, Proteintech , $[H ) ; ECL i
M & (RN R AR A RA A, hED ;&
RNA #2 B 5] & (e 29, ) 5 HiSeript 1l
RT SuperMix for qPCR (+gDNA wiper) (i MEHEA= ),
1 [E ) ; ChamQ Universal SYBR qPCR Master Mix (i
MEREA Y, hED s Z R (=AY, b ED
Hb ZE KA (Sigma, SEE ) ; 8- H il B L B4 (Sigma, 5
) s BT IR (Sigma, FEE ) .
1.2 £¥F ik
121 kSR % IIOBE DMEM 15 57 5E+10% i
A MF + 19 X000 (5 R R AR R ) L & 6 1 97 2
F T PDLSCs WY 55 37 o R 5 5 W 0 58 4 15 57
BN B3 1053 (50 wMALIRIMER, 10 mM B-
AR H AT 100 nM Hb ZEOKR AL ) o AR 4R 781 52 5 N Bk
FEWFFE ), 10 ng/mL Jig R AE K F - o (tumor
necrosis factor-a, TNF-a) Fl 10 ng/mL F 41 g /i~ % -

1B (interleukin- 1B, IL-1B) #1] ## hPDLSCs A £ 4 i
A
1.2.2  SHP2 shRNA 12 i 7 2% /& (9 #9 . SHP2
shRNA 1295 2 244 i Ao A 928 w1 A, M4 Hu-
man PTPN11 J& K] i 5% S AR % 11 siRNA B8 550, &2 4
S A B R BRI 5 IR KBRS oligo JF A,
T AU ML ) RNA T30 3804, B i A
ccdB EEMEIE I . HY% PCR i de i 4k 1, 7 6 1 FH
P v B HEAT I B0k o I 36 E IF A Y S R,
A7 e 2 B SOk 4 o
1.2.3 41 J50ORE A A 26 RN I KA
SHP2 shRNA 15 5 2 28 14 Fl 4 25 o pr 2 e ik A
B b Rz 40 R HEK 293T 4, #e i 15 78 ), Wi e
YA L VE W, — 2 B RN R R AR . B
A R 5 1 i R o 5 R A0 U, FHAS ) o 5 A o
YL HEK 293T 4ifitd , 26 't B il B T W82 45 LA e 4
MO, 45 G BB T R R L
124 MERGEEFEY DL 5x10°4N/mL (1) %5 B ¥ hp-
DLSCs 20 F 6 FL. 45 32 A 1, 755 40 Mu @l & B 35 5
60%~80% Z [A] IS il A& 95 15 % s (MO1=20) ., $55%
FETPEESR 4 h J5 WSS A MOIRAS T M3 1 5 5
ol e R R AL ARSI . AL 3R 72 h S AE
PG T WG YL, N A RIS B R 5 57
i vE , 2 FEAE )G, il d RT-qPCR | Western blot
SRR TR 22500 . SHP2 L3R I8 180K
7 (shSHP2) |19 1 J¥ %1 2 5" - ACACTGGTGATTAC-
TATGA-3' . Ik SHP2 i) hPDLSCs 2H Jf] shSHP2 3%
TN, 2 B PR AL shSHP2-NC IR o
1.2.5 CCK-8 kil 40 A 3 586 7 96 L AR H i A
100 L A R 4k 3 5 9 20 M2 (5x10° 4 /4L) , BT
Fi 9246 (37 °C, 5% CO,) TH IR 24 h, {48 i 0 e
TE B FR A TP S 24 it el (1.3.5.7 d) J5 &L
JTA 10 pl CCK-8 ¥ W, WF & 1 h J& il A5 {5
450 nm bYW RE I T2 A= Rt 2
1.2.6  §f ' % R [ (alkaline phosphatase , ALP) 4%
0 ) ALP W& PER I hPDLSCs BB S 3.7 dJ,
F LB B B 3R 5L FH PBS YR ERE Sk,
FEUR 5 mine JIAGE Y TAEWR WA E T =
IBR, REEIEE 30 min, EBRY O T AR, 2810 K
VR 2, 40k 0 A s

hPDLSCs Wi H 155 3.7 dJ5 , K BRfLAR A iy 35
FR3E, FH PBS VR ML & 3 UK, BRIR S min, ]
Y M 2RI SR AN . T2 SR IR R o R
7 R OX i A Ty 2 R OB R ALP TR #7581t
I3
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1.2.7 PRI Y (4 (alizarin red staining, ARS) M 55
BT hPDLSCs By B335 21 d Ji , H 4%
Z W [E 22 15 min JF I PE 2 20 S Y (U A = i
T Y4 30 min, B 6B F LI IA IR, BfLINA
1 mL 10% Ak 175 Be SL L we | 76 % 8 T 78 50 %
fift ol JFT A I 2 562 nm Ak B W Y 1 R 45 45
T E BT AR

1.2.8 RT-qPCR fi#i /fl Vazyme RNA extraction kit
PEHLE RNA, ] HiSeript I RT SuperMix for gPCR
(+gDNA wiper) J& % 5% 3050 &% RNA #E 47 30054 5%,
345 cDNA, DL cDNA S #idR , FH 92 256 5E 7 PCR
IXH G FIF AL 1o SR 2722 CR X i ik
S3HT BAREED (A X Gk K

&1 PCR SIS
Table 1  Sequences of PCR primers

Primer sequence
5-GGTGTTGCCTGCTGCCTTCC-37
5-GTTCTGAAGAGGTGAGTGGCTGTC-3"
5~ TGATGGCTTATTACAGTGGC-3
5 TGTAGTGGTGGTCGGAGATT-3
5-ACTCCAAACCTTTCCACC-3*
5-CTTCTCCACAACCCTCTG-3*
5-CGTGGAGCTGGCCGAGGAG-3
5-AGGAAGGAGAAGAGGCTGAGGAAC-3
5-AGTTACATTGCCACTCAAGGCTGC-3

Reverse 5-TTGACGTTCCTAACACGCATGACC-3"

ALP Forward 5-GACCCTTGACCCCCACAAT-3*
5
5
5
5
5
5
5
5
50

Gene (human)

IL-6 Forward

Reverse
IL-1B Forward
Reverse
1L-8 Forward
Reverse
TNF-a Forward
Reverse

SHP2 Forward

~GCTCGTACTGCATGTCCCCT-3"
~AGAACAGCGTGGCCT-37
~“TCCGGTGTGACTCGT-3"
~-GGAGTGGACGAGGCAAGAGTTT-3"
~AGCTTCTGTCTGTGCCTTCTGG-3"
~-GGCAGCGAGGTAGTGAAGAG-3"
~GATGTGGTCAGCCAACTCGT-3"
~CGCTCTCTGCTCCTCCTGTT-3"
CCATGGTGTCTGAGCGATGT-3"

Reverse
COL-1 Forward
Reverse
RUNX-2 Forward
Reverse
OCN Forward
Reverse
GAPDH Forward

Reverse

1L-6: interleukin-6; 1L-1B: interleukin-13; IL-8: interleukin-8; TNF-a:
tumor necrosis factor-o; SHP2: Src homology-2 domain containing pro-
tein tyrosine phosphatase-2; ALP: alkaline phosphatase; COL-1: type-1
collagen; RUNX -2: runt-related transcription factor 2; OCN: osteocal-

cin; GAPDH: glyceraldehyde-3-phosphate dehydrogenase

1.2.9 HEHEELL M Western blot 32545 28U
1 4% BCA 2R 11 3 00 a2 X700 0 vl B 30 2 JE
WP . ARE BCA Fril 45 8 (VR B, L AEAS Rl AR FR
FE M. HEAD BB E PVDF I, 8 A B
WN, IR T HEREA 10 min, FJE 4 Cit s
—Pi, TBSTHEIRVES 3K, 10 min/IRK o $4& IR —T

A R 1 AN ) 1 S Rl BRUUR b, IR E
1 h, il A 22 U OGN . FH Image J #F i
FTIRBEAE 53T o
1.3 St F o

K I GraphPad Prism 9.0 %K {1 #F 17 4t i1 2% 4
B, & H Shapiro-Wilk 7% 17 1E S PR 56, 048
PR = PR RN AEAR L BCRH K3 . P <
0.05 W ERAG = X

2 % B
2.1 SHP2 shRNA 12 J& & # ka9 m 54 R

gk text, HAH sk S A 7 By 8 5 ik
H B oligo J¥ 4 5¢ 4= —E (& 1) , 2 B SHP2 shRNA
P05 BE B E L) .
22 1R R SR

12 95 75 B Yt HEK 293T 41 Jifd 72 h Ji5 18 i 8] &
5t T L 2% 3 (e 98 O (| 2) , D A5 SHP2
shRNA 5 41 12 9% 5 19 £ 4 2.9x10° TU/mL, 38 B
23 EIARI K EAAR

fdi 1] 10 ng/mL TNF-c  IL-1B §il3# hPDLSCs 24 h
J& , i1 RT-qPCR A 4 i K+ 11-6 \1L-18 \ 1L-8
HTNF-o BRI 5 5ok 263k o anf&l 3a iR, TNF-a
FITL-18 HIFL hPDLSCs 1Y 4 IELH 1L-6 (1 = 14.84,P <
0.001) .IL-1B (¢ = 130, P <0.001) .IL-8 (¢ = 26.751,
P <0.001) FITNF-a(¢ = 6.775, P =0.003 ) £ [H £ 1k
KA B e . 557 dJE, RT-qPCR 7% 484
8 2H B A G BL B COL-1 (¢ = 68.42, P < 0.001) .
RUNX2(r = 5.359, P = 0.006) i) 2 ik &A% (€ 3b) .
WEES 7 dJE, RAE4 hPDLSCs 9 ALP 42 (5,3% T
X HEAL, ALP 36 M I (¢ = 22.65, P = 0.002) (&
3¢.3d) . HUEIES 21 dJE, ARS YL 4 R #f 2s A
oL45 5, JI 48 i 4R 25 T hPDLSCs (145 45 15 5 1k I
B T A (1= 23.42,P < 0.001) (K 3e), I
I 25 SR BTHE B 5 0E T A B 23 45 495 hPDLSCs B 47
(A=Y
2.4  SHP2 Sk zk & 8% 4ol

SHP2 i {1 41 FN 23 2005 75 2H 4 M 7 2O b il e
R R R 5 (I 3F) , SRR e i
YL 2. i i Western blot & RT-qPCR A1l % #1
SHP2 @ IG 41 1) SHP2 5 1 K 5 R (1% 28 35 1 3 1K
(t=9.739,P<0.001;¢ = 8.474,P<0.001), - H 5
22 IR EEALAH L, SHP2 235 5 RN A 70% LA I (]
3g.3h).
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ccccccccccccccccccccccccccccccccccccccccccccccc

o

GFP

2.5  FAKSHP2 2+ hPDLSCs 34 387 /1 44 % vh)

FEXEFR 1 d s 20 G 5 JC W ek s L i 3.5
7 d J5 , SHP2 @ A% 41 40 Jf 3% J7 % T % R4 (P <
0.05, K 3i) . $&/~8 SHP2 X} hPDLSCs HY 345 A — &
FIEEVER o RAESMET , SHP2 @i fIL X hPDLSCs
B3 B T F1 9T JCHA 5 (P > 0.05) .

2.6 IEFIRBE T UK SHP2 3+ hPDLSCs A% B 2 1%
59 % )

BB 3 diF, 56 RZE AR L, SHP2 @I 2
ALP . COL-1 & [ RE WA = (1 = 3.628, P =
0.022;¢ = 11.010, P <0.001) , 1fif RUNX2 Fl OCN
HWEALHEZR (F4a) ; ERERFH 3 d)E
SHP2 AR 2 ALP 3 M & T X IR AL (1 = 5.423,P =
0.032) (Kl 4b) . TERLE ST d I, SHP2 @Ik +H
BOO IR, HAT COL-1 B SRRk HE 5 (¢ = 4.402,P =
0.022) , HoAh 5L R ¥4 JE B A8 Ak (& de ), 100 155
T7 dJ5 ) ALP 3G PER I 527, SHP2 @i fIk )5 ALP i
PR (1= 6.947,P = 0.020) (K 4d) . TEEIHES
14 d J5 , SHP2 MR 2H 18 COL-1 23k 14 5 (1 = 13.32,
P <0.001),{H RUNX2, ALP [ 26 ik TG W] i 25 4k (&
de 4) . ALPYEZER R, 5iFS 3 dMIL, A S
7 d (A% HEZH B SHP2 @A G o X i, Ui P bl %5
B[] 364 70 ALP 76 4 i it rh i — 20 RV . Ah  HE
B R FE 3 d Ji SHP2 AR 4] ALP e €8 7% T X}
N HREES T dJE R4 ALP 5925 (R CH 2

--------------------
TTTTTTTTTTTTTTTTTT

The sequencing of SHP2 shRNA re-
combinant plasmids were consistent

with the selected sequence

Green fluorescence was observed by inverted fluorescence microscopy, which
demonstrated that the transfection was successful

. Figure 2 Fluorescence microscopic observation of HEK 293T cells af-
:@“ ter transfection for 72 hours (X100)

| 18 7 e HEK 293T 41 72 h 55k & BB (x100)

# 5 (Kl dg.4h) ., 24 ARS YL (052 56550F B SHP2 R Ik
2 1 A 0 SRS 25 IR il 5 0 R TE I B 2%
(K 4i),
2.7 K JE IR T 3K SHP2 #F hPDLSCs &, B %1%
3% v

BCE 53 d I AR TR IR, SHP2 G2
A ALP (s = 6.823,P = 0.006) .COL-1(z = 8.249,P =
0.004) \RUNX2 (¢ = 4.589, P = 0.019) K [H #3514
15, OCN VR A W 01 il B F8 PR AE 3 o B I AR R B 1
i 22 5 (18 5a) s SHP2 #fikJ5 , hPDLSCs 1Y ALP i ¥
TH5 (1= 5.064,P =0.037) (K 5h) . WBESTd
5, 5% B4 A L, SHP2 @i % )5 ALP (¢ = 6.987,
P <0.001) .COL-1(z = 8.992,P <0.001) .RUNX (¢ =
3.751,P =0.033) \OCN (¢ = 4.737,P = 0.018) i) %
KR (B 5c) . MEIESTdMALPIEMT S, 5
3dBYSE A (¢ = 4760, P = 0.041) (E 5d) . 1E
BCE S 14 dJE, 50 AL A E , SHP2 SR 4L (1)
COL-1(z = 8.767,P<0.001) ,ALP (¢ = 3.418,P =
0.027) .RUNX2 (¢ = 8.224,P = 0.004) )5 (135351
W, X 5 RT-qPCR 25 SR A FF— S (&l 5e .56) o M
ALP e i 25 0L L] L, B 5 % 3 d fl 7 d 9 SHP2
AR A IR T X IR 4L (8] 5¢.5h) . SHP2 R fik
2 ARS Yot )5, 45 (L UR BE SES 2559 TP Wl i =
TR R4 (1 = 87.88, P <0.001) (& 51),
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a : the relative mRNA expression of inflammatory cytokines after culturing for 24 hours; b: the relative mRNA expression of osteogenic-relat-
ed genes on Day 7; c¢: ALP staining on Day 7 after osteogenic induction; d: ALP activity assays on Day 7 after osteogenic induction; e: ARS
and calcium deposition assays of hPDLSCs after 21 d of osteogenic induction; f: fluorescence microscopy was used to observe the intracellu-
lar fluorescence intensity of GFP; g: SHP2 mRNA expression was significantly decreased in the Lv-SHP2 group; h: SHP2 protein levels were
significantly decreased in the Lv-SHnP2 group, GAPDH served as an internal control; i: cell viability was examined using the CCK-8 assay.
Scale bar: 400 pm. *: P <0.05; **: P <0.01; ***: P <0.001. hPDLSCs : human periodontal ligament stem cells; IL-6: interleukin-6; IL-1: in-
terleukin-1; IL-8: interleukin-8; TNF-a: tumor necrosis factor-a; COL-1: type-I collagen; RUNX-2: runt-related transcription factor 2; ALP:
alkaline phosphatase; ARS: Alizarin red staining; SHP2: Src homology-2 domain containing protein tyrosine phosphatase-2; shSHP2-NC: neg-
ative control group; shSHP2: SHP2 knockdown group; shSHP2-NC + (TNF-a+IL-1): negative control group cultured in an environment con-
taining TNF-a and IL-183; shSHP2 + (TNF-o+IL-18): SHP2 knockdown group cultured in an environment containing TNF-a and 1L-18

Figure 3  Establishment of an inflammatory environment for hPDLSCs with TNF-a and IL-1f and SHP2 knockdown
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a: relative mRNA levels of osteogenic genes after 3 days of osteogenic induction; b: ALP activity of hPDLSCs was determined by ALP stain-

ing after osteogenic induction for 3 days; c: relative mRNA levels of osteogenic genes after 7 days of osteogenic induction; d: ALP activity of

hPDLSCs after 7 days of osteogenic induction; e: Col.-1, Runx2 and ALP protein accumulation determined by Western blot after 14 d of os-

teogenic induction; f: quantitative data represent the levels of analyzed proteins in e; g-h: ALP staining on Day 3 (g) and Day 7 (h); i: ARS

staining on Day 21 and its semiquantitative results. Scale bar: 400 pm. *: P <0.05, **: P <0.01, ***: P <(0.001. hPDLSCs :

human peri-

odontal ligament stem cells; ALP: alkaline phosphatase; COL-1: type-I collagen; RUNX-2: runt-related transcription factor 2; OCN: osteocal-

cin; ARS: alizarin red staining; shSHP2-NC: negative control group; shSHP2: SHP2 knockdown group

Figure 4  Effects of SHP2 knockdown on osteogenic differentiation of hPDLSCs under normal environment
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a: relative mRNA levels of osteogenic genes after 3 days of osteogenic induction; b: ALP activity of hPDLSCs was determined by ALP stain-

ing after osteogenic induction for 3 days; c: relative mRNA levels of osteogenic genes after 7 days of osteogenic induction; d: ALP activity of

hPDLSCs after 7 days of osteogenic induction; e: Col-1, Runx2 and ALP protein accumulation determined by Western blot after 14 d of os-

teogenic induction; f: quantitative data represent the levels of analyzed proteins in e; g-h: ALP staining on Day 3 (g) and Day 7 (h); i: ARS
staining on Day 21 and its semiquantitative results. Scale bar: 400 pm. *: P <0.05, **: P <0.01, ***: P <0.001. hPDLSCs: human peri-

odontal ligament stem cells; ALP: alkaline phosphatase; COL-1: type-I collagen; RUNX-2: runt-related transcription factor 2; OCN: osteocal-

cin; ARS: alizarin red staining; shSHP2-NC + (TNF-a+IL-1): negative control group cultured in an environment containing TNF-a and IL-

1B; shSHP2 + (TNF-a+IL-1B): SHP2 knockdown group cultured in an environment containing TNF-« and IL-18

Figure 5 SHP2 knockdown enhanced the osteogenic differentiation of hPDLSCs in an inflammatory environment
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Protein levels of key molecules of the NF-kB and MAPK signaling pathways after treatment for 30 minutes were determined by Western blot-

ting. a: TNF-a and IL-1B increased p65 phosphorylation and IkB-a degradation, and SHP2 knockdown alleviated these effects; b: TNF-a

and IL-1p significantly increased the phosphorylation of p38 and
JNK. hPDLSCs : human periodontal ligament stem cells; shSHP2-

JNK, whereas SHP2 knockdown decreased the phosphorylation of p38 and
NC: negative control group; shSHP2: SHP2 knockdown group; shSHP2-NC

+ (INF-a+IL-1B): negative control group cultured in an environment containing TNF-a and IL-18; shSHP2 + (TNF-a+IL-1B): SHP2 knock-

down group cultured in an environment containing TNF-a and IL-13

Figure 6 Possible mechanism by which SHP2 knockdown promotes the osteogenic differentiation of hPDLSCs under

inflammatory environment
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