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[Abstract] Objective To explore the mechanism of

1 2020-01-29; [ ] 2020-09-08 Piezol protein in mediating the osteogenic differentiation of
1 LA R S E R BRI (22019023) human periodontal ligament stem cells (hPDLSCs) via the

1 EAR, EIRE, Wi+, E-mail: sdlycqfa@sina.com

| S, BB, 21, E-mail: 41364361199@aqq. Notch signaling pathway. Methods In this study, young

permanent teeth extracted from impacted teeth of 8-14-year-
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old children from January 1, 2016 to January 1, 2018 in the Department of Orthodontic, Beijing Children’s Hospital were
selected as cell sources. hPDLSCs were extracted by enzymatic digestion. Immunohistochemical staining was used to detect the
expression of keratin and vimentin, and flow cytometry was used to identify the markers (CD146 and STRO-1) of hPDLSCs.
The construction and screening of Piezol siRNA gene interference vector and Piezol gene overexpression plasmid were com-
pleted. Flexcell 4000T mechanical distraction stress instrument was used to construct hPDLSC cell model in vitro. According
to the preliminary results, the experiment was divided into five groups: siRNA interference group, overexpression group,
blank control group, stretch stress group, and negative control group. Real time quantitative polymerase chain reaction (RT-
qPCR) was used to detect the expression of Piezol, Notchl, alkaline phosphatase (ALP), Runt-related transcription factor 2
(Runx2), osteocalcin (OCN), and bone sialoprotein (BSP). Western blot was used to detect the expression of ALP and Runx2.
Fluo-3 AM probe was used to detect intracellular calcium content. Results Vimentin staining of hPDLSCs was positive, and
keratin staining was negative. Flow cytometry was used to detect the expression of STRO-1 and CD146, markers of hPDLSC.
Empty viral vectors, siRNA-Piezol interference sequence, and Piezol overexpression vector sequence could be transfected into
hPDLSC by lentivirus, and the transfection efficiency was high (approximately 90%). The reverse transcription-polymerase
chain reaction (RT-PCR) results showed that there were significant differences in Piezol gene levels among the siRNA inter-
ference group, overexpression group, blank control group, stretch stress group, and negative control group (£=9.573, P<0.05).
The level of Piezol in the overexpression group was significantly higher than that in the siRNA interference group (¢=3.893,
P<0.05). The level of Piezol in the stretch stress group was significantly higher than that in the blank control group (¢=2.006,
P<0.05). The expression of Notchl and osteogenic genes ALP, Runx2, OCN, and BSP had the same trend. Western blot results
showed that there were significant differences in the expression of ALP in the siRNA interference group, overexpression
group, blank control group, stretch stress group, and negative control group (F=11.207, P<0.001). The expression level of
ALP in the overexpression group was significantly higher than that in the siRNA interference group (¢=2.991, P<0.05). The
expression of ALP in the stretch stress group was significantly higher than that in the blank control group (¢=3.007, P<0.05).
The expression of Runx2 protein showed the same trend. The intracellular calcium fluorescence intensity of the overexpression
group was significantly higher than that of the siRNA interference group, and the intracellular calcium fluorescence intensity
of the stretch stress group was significantly higher than that of the siRNA interference group. Conclusion Mechanical stretch
stress can promote the expression of Piezol protein. Ca** is the second messenger, activates the Notchl signaling pathway
and the expression of ALP, Runx2, OCN, and BSP; and promotes the osteogenic differentiation of hPDLSC. The siRNA-
Piezol interfering plasmid can block this process. On the contrary, the overexpression plasmid of Piezol can promote the
osteogenic differentiation of PDLSCs.
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HAMAFSIRNA TR, it FRikPiezol & 1 FI
il Piezo 18 FA P> J7 [0]_EAR5TPiezol # FH {EhPDLSC
Iv) J 2 B S A AR I PL R o DB 2 PR Bl e
fiff ( alkaline phosphatase, ALP ) . Runt#HJcHE[2
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AL HEBRbRAE: A 00 o 8 4% sl e
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WA 2 T A 25 SR PR RS AL 1542 B PDLS C
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PBSIER YL, M T B B 2K 1 i £k Ak 2
50 min, BF37 CHEEFET, &5 minfER—k, #
T BEA RS IR R, F O
3 000 r-min" #5005 min, FdE R, MAE15%
G4 L35 FVDMEMIE T 5, il UAn ML B, AR5 1%
FF25 cmx25 cmfFlask’sIE IR, JitA37 C,
15%CO, 1 i 20 M 1% 7746 hE A 7 s T 4H % 77
1.2 hPDLSCHy%E

A5 2R FH B 98 21 23 Ak 2 e £ v K 0 ) 2R
( pan-cytokeratin ) . JJEF (vimentin ) [k,
WS 3AhPDLSCHE g SERR AL, LA2x 1044 Jfd
FERh T WG A O R BRSO AR 240k, A
T 15% MR MG MDMEME; 373, 37 C, 15%CO,
W AR IS R A TP 48 h, R AL A R 1580%
B, FEdaRERIL, A BEAIPBSIE R E3, n
AA%Z BT 20 min, PBSIEW rhyk3 vk, fin
A0.4%Triton X-100%%5 5 min, PBSAK M3,
5%BSAH 4120 min, MIA—#T ( pan-cytokeratin,
vimentinf@ Pt A—Ht ) , 4 CALE/KFEIFE 4%,
PBSIA ME3 R, A ZHT (ISP RCY3 )
S E 10 min, {#FHDAB AR 1YL {0,

F A A XS hPDLSCHIFR P CD 1461
STRO-1#E1 7 %52, URAESE31ChPDLSCANAE, fInATG
I3 PIDMEME SR, il 25 40 MLE O, 4 2 B 4%
TFERRZETE3x10™4 5 IMASEPE, A45100 pL, il
A—¥URZR: STRO-1%2ht A—Pi, CDl46%diN—
$it, STRO-1FICD146M1[A]BIXT B F47 LA KX PBS 7S [
XHHR, IMARISSZEPE H, 4 CARIELEEIF H20 min,
PBSTEYE, R U =40 SR 2 17 2 1 CD 146 il
STRO-1.

1.3 siRNA-Piezol T-#t # M4 iyt 2
siRNA-Piezol T2k A B+ S AN fh b5
HLA R SERL . 1 5cilid Pubmed Genebank 2 i) A Ui
Piezo1 2 (1Y SLH 741 LA K ORFIF 41 13> -UTRIF41 .
HRESIRNARE ST TR, #EEsiRNA-Piezol T4
P, B3RS, BRI, siRNA-Piezol-
homo-3299: GCGTCATCATCGTGTGTAAGA ;
siRNA-Piezol-homo-5762: GCCTCAAGTACTTC-

ATCATCAACT; siRNA-Piezol-homo-1875;: GCG-

TCTTCCTTAGCCATTACT., &I I i 92 7] 42

Bt hU6-MCS-CMV-EGF P18 5 5 2 A1 Sy i) %o
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MCS-CMV-EGFP1& ¥ s 2 A VE A BETIN 2, A

Piezo LR K RIKEUARIF I G , U NIR'E293 T4

i, ST RN, SRS AT R A, IR R

AL LA
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zol . Notchl 1% EFERH R 1K

FI AR B ACAE FaR& AAiie, ZPBSIFWR

WYE3R, WIRELOHLL 500 rmin?B.05 min, BT

UE, MA1 mL Trizol&FH], #REMEERNA, fRE
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-80 C#fE, RIHTAKARAZG G E RPCRIZF £
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( SYBR Premix Ex Taq Il 5{fl &) (92K, RAFTC-
2000 RT-qPCREAFEHI50 pgfz i1 2 X FEADNA
175301, AR E TmlE 53,7 °C, SitFfidss
FAFEARRCTIE, RA24ACT LR Piezo 1 5 B AL
HHENOCNFIBSPHI K LA T4E 1. Piezol . OCN,
BSPHIPY 3 A il HHim e i =08 ( glyceraldehyde
phosphate dehydrogenase, GAPDH ) 5|#)i% i1 H I
WA T wl B IR 4% (R1)

1

Tab 1 Primer sequences

EIEY R 51975 (50-37)
Piezol 1E 3 5°-CATCTTGGTGGTCTCCTCTCTCT-3’

L EE: 5°-CTGGCATCCACATCCCTCTCATC-3’
ALP 1E X5E: 5°-GGGCACCGTTCAGCTTCC-3’
L EE: 5°-CCACAACTTATTTCTTTCC-3’
Runx2 iE k. 5°-GCACAAACATGGCCAGATTCA-3
L e 5°-AAGCCATGGTGCCCGTTAG-3’
OCN 1E 5. 5°-TAGTGAAGAGACCCAGGCGCT-3’
X5k 5°-ATAGGCCTCCTGAAAGCCGA-3’
BSP 1E 5k 5°-ACGATTTCCAGTTCAGGGCA-3’
X5k 5°-TCCTCTCCATAGCCCAGTGT-3’
Notchl 1E 5k 5°-GCGATTTCAAGGCTGACTTG-3’
X EE: 5°-CCTTTGAAGAAGACAGCCGA-3’
GADPH I 4. 5°-CCACCGTCAACGCTGAGAAC-3’
X4 5-TGGTGAAGACGCCAGTGGA-3’

1.7 Fluo-3 AMGEET 6N 41 i Py 85 B8 7 5 i

FI RS EE S S B IR 1AM, ZPBSIEW
THVE3WK, R HUSCAN A A0 Y B 5 C F 24
fLt, ARG E TR SR, 1FH24 h, KA
Hank’s AR A OIE VE3 UK, INATISET @ SHBEAY
Fluo-3 AM TAEWE, #EFFE30 min, WHcE R, 4
B B AN S S T i
1.8 Western bloths: M B & ¥ ki 2 1 ALPAIRunx2 A

ik

PR AL PR LA, APBSIFMIETEIR, A
1 mL RIPAANIE @A, VK E24f#30 min, WA
15 mLE.LET, 4 °C. 5000 rrmin .05 min (5
DBEAEA3 em) JEEL R, 95 CHEME, WEHEN
#H . W ERE 10 mL, 4B K20 mL, FRES
(BRALEAEREN20 pL ) MUK B, RS HIBSAE
M1, B REE 30 min, 35 PBSTIA R BERE,
EEIW, IMA—$HL (=HA) (ALP. Runx2.
OCNFIBSP ) 1 : 10 000 B J5 I AFEAE FHE (57
BIEE 4 °C, BHEF>12h) 5 55 KAPBSTH:
B3, AL EPifRlgG 4T (11 000)

MR EME 1.5 h (WEEEEN37 <€) , FPBSTH
BERUER3 YR, FIDABE S IRALFEFEAS . 1 FlImage
AR BT RS, T AN R &
1.9 Geit2Eatr

K HISPSS 19. 084X Em -1 T4t b, 2
ORI B fEZEROR, #4541 Piezol mRNA
FIFIXT RN . AR E ., S T HESHER
5 225707, A ESR Hghe s, IAhP<0.05HA
BiiteEst.

2.1 hPDLSC )% 5E 45

B g AUk Y A 25 1 R, hPDLSCI IR
SR RN S < o = PR G 5 K R e v 1 0 N
hPDLSCHREYISTRO-15BHME:, CD1463%5
(E1, 2) .

g T ?’;7;77 ge R

: A A A 5 5. ]
.}ﬁ'», 'A" o ',//ﬁ%,’,’f{/l ’ P72 % SO \ .
7 : v /u:'”/i 7 i

A 7 7 4 / 4 2

o g a7

fo: WIREEAMRGIHTE <2005 47 MEARGHE X 100,
[l 1 hPDLSCI%E  ffEslgifb2eyeta
Fig 1 Identification of hPDLSC immunohistochemical staining
2.2 RT-PCRIfiE3 53751 I Piezol mRNAZFK AL,
RT-PCRAG I 5 W om « B X B ZH HPiezol
mRNAAHRFF AR (1.25£0.02) , siRNA-Piezol-
homo-3299¥%1], siRNA-Piezol-homo-5762J%41Fl
siRNA-Piezo1-homo-1875/%%1 H'Piezol mRNAAHX} &
SRR A2M1.0340.02, 0.22+0.01, 1.17+0.03, &4
Feii R a gt X (F=12.009, P=0.000) ; 3
HsiRNA-Piezol-homo-57625 7 #p22HAH EL, Piezol
mRNAMXRIA I B, ZRAFITEEN (=
3.021, 3.548, P<0.05) .
2.3 siRNA-Piezol T4 551 FllPiezo 114 Fih a7 51|
HLhPDLSCHYIZ,
SRR . siRNA-Piezol T3/ 51 FlPiezol 1+
FER AR 4 0] DL i 18 955 5 % YhPDLSC,  1fij
AR, HTE90% (K3) .
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A: STRO-1EikFHPE; B: CD146KiAMYE; C: STRO-1HICDI146[FEXIIE; D: STRO-1HICD1468UbRFHE .

microscope

K 3

Fig 3 The siRNA-Piezol interference sequence and Piezol overexpression vector sequence were transfected into hPDLSC

x 400

& 2

AR SR 2 R

Fig 2 The results of the flow cytometry

siRNA-Piezol T4 /551 FlPiezo 13 F ik A7 51| 4 Y« hPDLSC

siRNA-Piezol T-#t 1A

R B2 0

Piezoli Fik ik

x 400

inverted fluorescence
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2.4 RT-PCRK{Piezol . Notch1Flal 8 LK pY ik PEXTREZH Notchl mRNARIFRIB KR/ FIT-E

SIRNATHEA] . ib Rkl . &I IRd] . 425K
N ST ZH B BE2H Piezol mRNA R FE K257
HGit#E L (F=9.573, P<0.05) , i3k, 25
1% B ZH Piezol mRNA A/ B 55 TsiRNA T
P, ERrAgityE L (¢=3.893, P<0.05; ¢=
2.113, P<0.05) . #=5K)% JiZHPiezol mRNAZKIA/K
IR R T A AN, ZFAESITEE L (g=
2.006, P<0.05) , {HJ2SFAMEXTRRA LA, 27T
Giit#E X (g=0.208, P>0.05) ([&l4A) . siRNA
T L FRIEU . SANIRA . 25K 12 AR
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=
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(=]
I
—_
(=)
1

[
T

o Runx2 mRNA X}
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™ OCN mRNARYFHN ik
o

a b c d a b

[¢]

A~F: 439 }Piezol. Notchl., ALP. Runx2. OCN. BSP mRNAMIEILKF-; a~e: I NSIRNATHLL . o Fikd .

NS FAMEXTRRLL . *+hP<0.05; #8P>0.05,

X (F=11.003, P<0.05) . &I&ik4l, 25X IR
Notchl mRNAZKF-H & FsiRNA T4, ZREA
HEH#E X (g=2.991, P<0.05; ¢=2.463, P<
0.05) . ZEKN 714 Notchl mRNAZEIAK -0 i 5
TEAXBA, ZRA5iTEE L (¢=2.331, P<
0.05) , HRESFAMEXT A i, 2R AL FE
X (¢=0.188, P>0.05) (&4B) . JHHEHEALP,
Runx2, OCNAHIBSPIFRE WA R ([E4C~
F).

S}
g

sk

—_
W
1

—_
(=)
1

W
1

O ALP mRNAAI Rk 5
(=)

[y}
S
]
*
*

Kk

—_
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1

™ BSP mRNARAHXF AR
S >
*
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E-3

c d

[¢]

a b c d e

23 AR HRGL L Ak

¥l 4 RT-qPCREGMPiezol . Notchl I FEFALP, Runx2, OCNHIBSPHIFEIALSH:

Fig 4 The expression of piezol, Notchl, ALP, Runx2, OCN and BSP were detected by RT-qPCR

2.5 Western blotfa il i & #n 25 8 1 ALPAIRunx2 /)

ik

Western blotkil 5 HFr & & F ALPFIRunx2 ()
FIRZERILES . siRNATHRAL . s Fikdl . =S Ext
HEZ | sk ST AAYEXT BB ALPEE H E R A 5L
P2 L (F=11.207, P<0.001) ; #b3akdAizsy
XTREZH ALPEE 17K B i i3 TFsiIRNA T, 22
SHGIEE L (g=2.991, P<0.05; ¢=2.451, P<
0.05) ; KN ST ALPE A /K I 8 & 45
XA, ZR A8 L (¢=3.007, P<0.05)
{H2E 3 N T A ALP AR [ 335 7K -5 M X B4
B, ZRIsiHEE L (¢=0.451, P>0.05) .

SIRNATHEAL . of 3Rkl . S IXT RG], 425K
I 7 4 0 PR X B ZH Runx 286 [ 25 A Si 22 5 X
(F=18.473, P<0.001) ; &I &K FI2s (X HEZH
Runx2E [F1FA7K R & FsiRNA T, 254

it rE X (g=3.499, P<0.05; ¢=3.568, P<0.05) ;
#2 5K 1 77 20 Runx2 2 [ 238 KV BH 8. 5 145 11 4R
H, ERAGIH¥ENL (¢=2.661, P<0.05) . {HiE
2k I F1 A Runx2 8K [ A 7KF- S BAPEXT BT L g,
ERTGIEE X (¢=0.328, P>0.05) .
2.6 AN S BRI 2

SIRNATHEAL . bRkl . & FIX Rl A2k
N7 7 AL ARSI A YT R L 4 PN 5 125 A 25 5 L Il 6
6 UL, sheikal . 22 9N 1 4140 A 2 T
PEEnm I i = FsiRNAT 34 . R HImage J4 {4
ST AHML NS B TR, S5 BORsiIRNA T4
. R XTI A kN AR X
HEZH A5 28 2 2 7051 4 102.03 um+15.02 pm
473.57 pm+34.37 pm., 15829 um+10.55 pm ., 247.98 pme
11.45 pm. 259.23 pm+10.24 ym, ZSAHGH¥E
X (F=10.009, P<0.05) . if3RikdH . 251X 4]
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