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[Abstract]
C3H10T1/2 cell line based on CRISPR/Cas9 system that can achieve stable gene knockout. Methods* According to the principle of
CRISPR/Cas9 target design principle, two single guide RNAs (sgRNAs) were designed to construct lentivirus expressing Cas9 and
lentivirus expressing sgRNA by using Lenti-Cas9-GFP and Lenti-U6-sgRNA-mCherry vectors. After the C3H101/2 cells were

Objective:To investigate the effect of Piezol on osteogenic differentiation of mouse mesenchymal stem cells

transfected with two types of lentiviruses, flow cytometry was used to screen mCherry- and GFP-positive cells. The monoclonal
cells were selected, and amplified by PCR and agarose gel electrophoresis, and finally the monoclonal cell line with Piezol gene
fragment knocked out was obtained. Sequencing, quantitative realtime PCR (qPCR) and immunofluorescence were performed to
verify the the knockout efficiency of the constructed Piezol knockout C3H10T1/2 cells (CPK). CCK-8 assay was used to detect the
effect of knocking out Piezol on cell proliferation; in vitro osteogenic induction differentiation was performed on successfully
constructed Piezol gene knockout cells, and alkaline phosphatase (ALP) staining and alizarin red staining were used to investigate
the effect of Piezol on osteogenic ability. Results - Positive clone was obtained in bacterial fluid of monoclonal cell lines with Piezol
knocked out after PCR amplification and agarose gel electrophoresis. Sequencing analysis showed that a stop condon TGA was
produced in exon 4 of Piezol gene in advance, so that the protein could not be translated correctly. qPCR verified that Piezol gene
in CPK was inhibited at mRNA level; Immunofluorescence showed that the knockout efficiency of Piezol gene in CPK was high,
which basically hindered the expression of Piezo!l in cells. CCK-8 assay showed that the cell proliferation ability decreased after
knocking out Piezol (P<0.05); The results of ALP staining and alizarin red staining showed that the osteogenic ability of cells
decreased after knocking out Piezol(P<0.05). The mRNA expression levels of osteogenetic-related genes such as o 1 type [
collagen (Collal), Runt-related transcription factor 2 (Runx-2), osterix (Osx) and alkaline phosphatase (4/p) in CPK decreased
significantly (all P<0.05). Conclusion-Piezo/ knockout C3H10T1/2 cells based on CRISPR/Cas9 system is constructed

successfully and the osteogenic activity of stable Piezol knockout cell line is hindered significantly.

[Key words] Piezol; CRISPR/Cas9; mesenchymal stem cell; osteogenesis

IR WAE RS Sy chiig NG REA )i 0 DT A A D i
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RENCIRYI DI A V NITF WA 3 g
Piezol ] il i 52 0 (8] 56 5 T 40 M . SR A . AR
il OB T AN W A R R o0 = gl = S
SUGIMOTO 4§ "' il T\ - 18] 78 )52 T 40 L UE7T-
13 DL Kt G i 3 53 9 7 251K (pBABE-neo-hTERT)
BN B o VB B4 1] 75 5 T 40 i SDP1L, 38 3 /T4
RNA (small interfering RNA, siRNA) BH 1§ Piezol
M35, KBRS BT K R ) B A S 00 L 43
fkES1, ZHOU %5 U K B Prol<; Piezo "' /)N BB 1
TR, RPN R R T A2 B s )T R AR
Piezo ™" /IN B R 18] 58 5T T 40 T (9 Piezol, & H/IN
R 7] 70 0 400 A A i o AR BE T35 . WANG 45 7
K Prrx1Piezo ™ /NELHH BB R, R 40
W) Piezo 38 &8 2R YAP A9 4% 5 A 2k 52 Wil 1 B 40 i
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B A HE TR 1 o . SUN S ) R 5% &k IR0 4
i Piezol 1E 0 J1 %# B A2 4%, BB WE S MR I TP W .
LEE % ') Fi| ] siRNA LI K Piezol H 45 5 1 110 41 541
GsMTx4 171 ] HCH 40 i T Piezol IO R IR G, KK
H AL PR T KO R RN . T Piezol FER7E B
MO T TR R DI A S T 20, RS i 2 T
VLR A i) 32 P Dy e 0 F-BEANT] 45 SRR R A ] .
ik, A5 —A0] LAEARSMITIE Piezol 3 [ D BE 1
FoEm T HEBMRIC hEE,

BEZE B K, CRISPR/Cas9 248 FH T3k [H 4
B H 25, CRISPR/Cas9 42 4 i T 454 1 — Fh k45
PEARE R G0, LD CRISPR/Cas9 £ 4t 1 AE FH i
B F % J& CRISPR A ¢ & H (CRISPR-associated
protein 9, Cas 9) il i HL4E 45 5 RNA (single guide
RNA, sgRNA) PHAHIIE N I 5 H4s 4, 75 B0
AU DNABUREIRTZE, 8075 P4 T DNA B & HLi
{HR MG AT 2 P B AR A BBk, DTS2
DR 1 Gt 2 1 28 AR fe & R B N B . i T HA #AE
fAlf . WOR SRR, B HT CRISPR/Cas9 RELFEMESY
SEINIhRE . SEDHIAYT BT I [ i DR T s AR o
CHA)ZNH

I, 7K SC3E T CRISPR/Cas9 R 45, LIy #4E
] R Piezo 1 3[R 14 /I BRUAD 8 50T 41 s C3H10T1/2 2
MLF, IF SN s SRR 2 A W
Bk Piezol X 2 Ml i B8 1 52, 38 itk — 4
7N ML S 3 18 2 11 Piezol ZE WL S1 A S 10 B ol

PR ThEE, AR R0 T H IR S — 2 SR
Heml

1 HBE5RE

1.1 F¥EHR

1.1 40l /NEUE T4 e C3H10T1/2 KRR -F
o E R 2R B

1.1.2 B H 518 MEM ¥ 32 3 (Hyclone, 3%

E), M4 miE (FBS) . & % R/4E & R I W
(Gibico, JK[H), 4% ZRHME (RUFELER YR
FARAF), Lenti-U6-sgRNA-mCherry i$/ . Lenti-
Cas9-GFP Jiiki (Addgene, ), Fki/MEalin &
(Tiangen, " & ), BsmB I [ . T4 DNA i% 4% iff
(Thermo Scientific, €[ ), /#7iAH & (TaKaRa,
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H7<), SYBR Green Master Mixit 7l & ( FiEE A
VHEAFRAF), CCK-8H & . 0l 4wk il
(alkaline phosphatase, ALP) Jea il &, #E LY
@G & FPERIRPUEE M . QuickBlock™Hf A
(RS REVHARARLAE ), DAPLYE A |
Piezol Fi{& (%5 NBP1-78446) (Novus, FK[H),
Cy3#ric Il 4 IgG (H+L) (585 A0516, | #Ezh
= REVHEARERAA ), 5T 55 %
(Cyagen, 3 ); PCRIY (BioRad, &), #EMLAL
1% % (GE Healthcare, 3£ HE), i 405 Hr ¥
Fortessa X-20 (BD Biosciences, £ ), flfLiusrt
JEEETE (Bio Tek, ), AW GRUE . 5820
88 (Olympus, HA), WOCIHRMAELHMEE (Zeiss,
=),

1.2 9855k

1.2.1  Lenti-U6-sgRNA1-U6-sgRNAS-mCherry %, {4
F 3l ik NCBI W 3 #5 1) Piezol 25 H , 7F
Piezol F& A Fr BL 1 W9 Ui 132 11 2 4> sgRNA - ()7 51 W,
1) WIFPCREIY (FFIWEE D), X HW A B
HEAT PCRY™HY , BRI WHBE e v Uk U JKE [l e H i) 5 P
FBoJa, BsmB 1 Y] PCR 7= %) . ¥ Y1 5 (% PCR
7= 43 f T4 DNA i 42 i 3% 7 1] Lenti-U6-sgRNA-
mCherry i KL 1, # H Lenti-U6-sgRNA1-U6-
sgRNAS-mCherry F4 ik wiHF 519 (JF 510
# 1), H| F Snapgene % 14 X} #4 # 19 Lenti-U6-
sgRNA1-U6-sgRNAS5-mCherry T 20 Jii ki I |5 )5 #E 17
FEA HE X o W5 A8 B 1Y Piezod R 4 T 40 Jo % 4k
&KW % 45 o DHSa & Z 40, Wi, 2% /R
Piezol 3£ N ¥4 7 PCRBIY, 14 #2417 PCRY”
B8 F5 TEAT BNE M B I R VK S TIE PR G TR PCR
Pkl iy

#1 sgRNAEZEFBRFIIESIWFS

Tab 1 sgRNA oligonucleotide sequences and primers

Name Sequences (5'—3")
sgRNA-1 GTTGAGACACCTTCACCCAA
sgRNA-5 TCTGCCGGGCTTTCCTCGTG

Piezol forward primer ATCAGCATTCCTGAATCACGGATG

Piezol reverse primer CTAGGGCTCTGTTACGCAGAG

Sequencing primer GGAAAGAATAGTAGACATAATAGC
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1.2.2 1@pEEke SR MRS IMREREAER
4t , 4 Lenti-Cas9-GFP Jii #i 5¥ Lenti-U6-sgRNA1-U6-
sgRNAS-mCherry FURLSM 51|55 A 293T 4L, THE49 )5
48 W AR 9 EIE IR, 232045 wm i g5,
U= NE

1.2.3  4ifERgL . ik e o pERE R . kit
YE C3HI0T1/2 4l DL 5¢ & 45 37 3 (MEM+10%
FBS+1% R /A8 %), T 5% CO,. 37 °ClHiR¥EF*
FEREFR, BRAS8~T2 WP IE 13 B HLBIMEAR . B ha E b i)
Lenti-Cas9-GFP 12 %5 # #1 Lenti-U6-sgRNA1-U6-
sgRNAS-mCherry 12 % 82 B Yt C3HI0T1/2 40 fif, J& L
J5 24 W R R eSS s SR . TR LS 72 h A
L, A B A A T 4338 o S AR GL i 4 By
X R HEATBET], 43 3k 40 €5 R AR £5 98 5 XU PH Y
C3HI0T1/2 4l jfl——Piezol FE X Filt 45 40 Mg 2 96 FL#k ,
TE37 CCHiFRAAT R KigR7~10d)5, RALBkEH
TEREAN M R A TR E . $EEX Piezo 1 i R i o 40 L 11 3
[KZH DNA #47 PCRY 1 (5P 9 WK1 J5,
PCR W) 28 S IR MR BE I B UKk 5 A T P 2 (M 4
MER AR A R ), I %I H Snapgene 14 Eb
X 0 45 SR I B A8 Piezo 1 i PR R G 3 4 B 5 9 40
e

1.2.4  CCK-8 40 Jitd 34 5 & K oK @ bR Piezol 1Y
C3HI0T1/2 40l J Piezol K& R #il 5 40 ff 42 F T 96 fL
Mo, 435 F4h, 48 h }2 7 d¥EFT CCK-8 4 g 4 5 46
. FFLUIMA 10 WL CCK-8 %, TR F4f b 4k Se iy
H 2 ho FIHIREALIR S EIEEE T T 450 nm i K A0 46
W EEAE

1.2.5 4IRS CE B B R ABR Piezol 1
C3HI0T1/2 4l il J Piezol 3 PR & 41 Bt 43 51 LA 5% 10°
ASEERD 2 A8 fLAR T, R AN MG BE S A B S 5 O
fe3s R AL, Mo H EHe 1 a3 S W 7S
#2 (PCR3I¥MFIER

Tab 2 Primer sequences for gPCR

Gene Forward sequence (5—3")
HPRT GTTAAGCAGTACAGCCCCAAA
Runx2 CCTCCAGCATCCCTTTCTT
Osx CCTTCCCTCACTCATTTCCTGG
Alp CGGGACTGGTACTCGGATAA
Collal GCTCCTCTTAGGGGCCACT

7 dJE, #E4T ALP 9 8 7 34T B RE A O A
9 QPCR A 5 Ui F 0k 14 d )5, AT R AL
gefa,,

1.2.6  ALPJ: 0 R FR Piezol B9 C3H10T1/2 4 i
Lt Piezol J& R w5k 4 M 22 AR S0 B i = 0 AL 7 d U
IRREAT ALP et A5 FLAR N ST WA 2, PBS T
D3 UUE A 4% Z R T REE AE 5 min, P PBS it
3WIE, AR B UL ] A5 BC A ALP Qe ik, T
37 °CEEIF A 29 30 min, G A 55 5 FH AUGE K Uk
BREA G AR, FARR S SR AT R

127 WRLYAA REER Piezol 1) C3H10T1/2 4
il S Piezol 55 H w5 40 M 2 AR A0 1 B 5 =2 404k 14 d
G, AT R ALY A o KL A A 25
PBS 15 Uk 3 KA NA 4% £ 5 W EE [ 3€ 5 min, FFH]
PBS{H VLR AR E R, in A F Ba BH 5 0 & 4 i 96 2
Ay, TEIRFEE 10~15 min, @550 5
XK DR B AL U, AR 0 Sl B

1.2.8 RNAfifE . 58RI PO E R PCR R
WIS Piezol ) CIHT0T1/2 4l il K Piezo 1 5 [ i B 20 i
SRS RE T 7 d, o BIEREUE RNA, I H
Rl 5 AN ST S RNA MR, ) R 5 S il )
%K RNA % 5t & cDNA, ] il SYBR Green
Master Mix X | & # 17 5% BF %¢ % % & PCR
(quantitative realtime PCR, gqPCR) i, #5514
B I NG - O WG 9 R A% 1Y % B2 6 (hypoxanthine-
guanine phosphoribosyltransferase, HPRT) fF %%
HATIH— b B, Piezol . 1 BRIRJFEHA Al (a1
type I collagen, Collal) . Runt A 3¢ &% 5 K ¥ 2
(Runt-related transcription factor 2, Runx2) . i H 40
JHO 4 S 1 % S 7 (osterix,  Osx)  FA M i 192 i
(alkaline phosphatase, Alp) [AAHXS ik DL 272
TR 5P 2,

Reverse sequence (5—3")
AGGGCATATCCAACAACAAACTT
CCTCCAGCATCCCTTTCTT
TGTTGCCTGGACCTGGTGAGAT
ATTCCACGTCGGTTCTGTTC

CCACGTCTCACCATTGGGG

Note: HPRT—hypoxanthine-guanine phosphoribosyltransferase; Runx2—Runt-related transcription factor 2; Osx—osterix; Alp—alkaline phosphatase;

Collal—a 1 type | collagen.
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129 M6 B A B K R Piezol 1
C3HI0T1/2 4l i 2 Piezol 3 A 3t Bk 41 M 43 ) HH 4%
2 B BB [ E 20 min, F A ERIURBEREBEE
Pl 1 h, EWR FBEFIEEHMAW L h, BEF Piezol
—Pt (1:200), 4°CilK. PBSIEUES, ERWE
“HiCy3 FRIC I E BT R IgG (H+L) 1h, PBS{Huk
J7i DAPI 4 {5 10 min, PBS 5 )5 0t 46 5 £ B i
R g

1.3 Sl nhr

f85 1] SPSS 24.0 A HEAT AR I G 1o B . A
GERF L ks R, SR ST ARAR ¢ K 56 047 2 4 [R) L
B P<0.05FmEFBHAGIHE L

2 HR

2.1 Lenti-U6-sgRNA1-U6-sgRNAS-mCherry i 4]
JEURE R ) 1 % 5

F1 H Snapgene %X 4 X} #4 £ 1 Lenti-U6-sgRNA1-
U6-sgRNAS-mCherry 5 41 5 b7 4790 )3 o o0k A4
ZER (K1) R . sgRNAL 5 sgRNAS IE#iffi A U6
sgRNA-mCherry 7, i A 1Y sgRNA J5 51 [ 5 ] 5 52
VTS, W Lenti-U6-sgRNA1-U6-sgRNAS-
mCherry 5 20 JiUR A4 AL T)

U6 promoter  ACACCG ‘GTTGAGACACCTTCACCCAA‘ GTT

sgRNA-1
i |
|
[ rl J’\ A / ,l"\ﬂ

U6 promoter  ACACCG ‘TCTGCCGGGCTTTCCTCGTG ‘GTT

sgRNA-5

TGN

1  Lenti-U6-sgRNA1-U6-sgRNAS5-mCherry & 48 /& #I iUl FF
EEHER

Fig 1  Sequencing identification of Lenti-U6-sgRNA1-U6-
sgRNAS5-mCherry recombinant plasmid

2.2 F3E BBk Piezol W/ B IN] 52 5T 1 AL & (W
el
WBR Piezol J& PN ) 5 7 [ 40 i AE 95 3 i PCR 47
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Bl R BH R e B B R RE RN E M R B (2
600 bp), BifEMEBERCHLIK (181 2A) 45 HRHIESE PCR
FEY A K/NIER o fF PCR P=Ha6 I JF, 4558
& 2B ffi s o AR B4 Piezol () C3H10T1/2 ( Control,
CON) ZH 2 M #£ 55 4 51 i+ 0T LLIE 8 g i 2 L 7R
M Piezol % A fi B B9 C3H10T1/2 ( Piezol knockout
C3H10T1/2, CPK) Z1 4 Mi7E 55 4 b i v = A= 1
APEIEGR K, TEAESS 4 5 W rh SR RTE B 1k % Y
+ TGA, LiEIEMBIEE M, KW CPK 1 Piezol
FER B FR o $EHCCON 41 2 CPK 41 41 Jifd i) RNA i
17 QPCR KGN, 25 B4 & 2C ff s . 5 CON £H 41 Jify
AHHe ., CPK #H 40 Jfl b Piezol 1E mRNA 7K 3F I & [%
ik, ZRHEASITFEX (P=0.000). FKATH
B 5 D¢ K I CPK H Piezol 19 3k . WK 2D i
7N, CON 4 Piezol 74 i 5t ik 3k, 1T Rk bR Piezol
Ja o, Lt b W 5, R OR R € A BR Piezol
f) C3H10T1/2 48 g 7T 52 B Piezol 7E & M 2 1 1Y

2.3 PR Piezol ®F /s B 1] 58 T 20 16 44 5l fig 0
AL
FIFH CCK-8 3857 £ 47 CON ZH 41 ifg & CPK ZH 4l it
HEATYEE R Sy R, S5 SR E 3 TR . 5 CON 4
b, WEBR Piezol 3ER 5, CPK 20 /1N BRUIE] 78 T 41 i
e TERE s, HESBEASIT¥2E X (P=
0.000) .

2.4 HEBR Piezol B /0N B[] 55 I 140 L RR By fiE J 1

AL

CON ZH 4 jifd % CPK ZH 40 Mu 78 Wi i 5 34k 7 d s
PEAT ALP (0, S5 UNIK 4A Fit7R o TEREIE Piezol I,
CPK 41 1y ALP & M #H % T CON 41 W & F% fi%
(P=0.000). 24140007 BCEE S50 14 dJF TR
aryefn, S5RME 4B TR, TERR Piezol 5, HET
CONZ, CPKZL4Mrh 45251 L i B b (P=
0.000). WHESMET dIs, FIFH qPCR XA A&
LR LKA TG, 25 SR anE 4C FiR . 5 COJ
HILEL, WHBR Piezol e 5, CPK 4 f AH O KL A
Collal . Runx2. Alp. Osx [ mRNA Fik/K V- 5T
Me, H2ESWEAS#E L (¥P=0.000), $ERe
B Piezol 5 3 /IN BRI 78 % 1 40 i 1) 11 43 AL BE )
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S

A - B
/ \

GG TAGCCTIT GGG TGAA G
CON Piezol —>

CCATCGG AAA CCC ACTTC

Trp
1200 bp
900 bp
700 bp
500 bp
GG TAGCCTTT GG-TGAA G
300 bp Piezol —>
CCATCGG AAA CCC ACTTC
100 b
P Trp
CPK
Jﬁ ) | a
|II \ I|| !l | I|"|
1 \lu \/ || ) f
C D
DAPI PIEZO1 Merge
P=0.000
1.5
[] § 3
(]
= CON
x=]
2 1.0
=
b5
§
&
o
Z 05
= u u
& l'='ii
CPK
0 | |
CON CPK 40 pm

Note: A. PCR identification of CPK. M—Marker; Lane 1—negative control; Lane 2—wild cell; Lane 3—CPK. B. Base sequence of exon 4 of CON group
cells and CPK group cells. C. qPCR results of Piezol expression. D. Immunofluorescence staining in CON group and CPK group.
El2 Piezol EERIFR B R IR INHAE

Fig 2 Successful construction of Piezol-knockout cell line
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Fig 4 Effect of Piezol knockout on the osteogenic differentiation of mouse bone marrow mesenchymal stem cells C3H10T1/2
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