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CRISPR/Cas 9 431 Gla & H & LR
PR Rl iU R 0)= Al T

ARG, 7, B0 ke
Yt BEBRFH—WEERBILESF TS B B%
YRR FAGFR, B BE 710061
BATAR A e, 2 BIFSE B B S B 1 Ry RS PR ML L E-mail: zhangyan1114@xjtu.edu.cn
KA B FHEHRBEEE T H (81670806,81972133,81300716) 5 Hi s A H AR 45 2% (x2y01201909) ;
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ZE:BH  FIH CRISPR/Cas 9 S i AR My LT Gla 25 (1 (MGP) S H AR i) RAW264.7 B VEA L 5 , W6 MGP R 7F
W E AR ER . Ak RGBT 1 3 X MGP B 4 b X () 545 [0] 5t RNA (gRNA) , AT
A gRNA BRI ITF A, FE85 Hgfi A MR 1Y LentiCRISPRY2 JEok: 1, #8 BY LentiCRISPRv2-MGP-gRNA H 41 ok, K di 4
KLY psPAX2 VSV G A3 Uk — [R5 4% 293-T 40T , £k IF SO T2 A 0 7 , B LR RAW264.7 4MI i . 22 WEne g 3% 0 e 7
FIFaE RAW264.7 4l 5 , SEIF 286 5 1 2 RALH Wi =S N (qPCR) 8K FH 5 E 75 (Western Blot) $8:3E MGP mRNA K 2 H
FkKFo qPCRATINDE B AL AR B F IR RO, R AT T LentiCRISPRv2-MGP-gRNA F 4 TUkL , BT 4l
%6 T 54 MGP-gRNA I EE 18I0, TR 158 T HesE (R K MGP AU RAW264.7 4 Z o qPCR S 25 1 I B 700 1 K6 0 gt s, G
MGP mRNA B H# ik M T (P <0.05) . PCREGRER , Fe LA RENER LentiCRISPRv2-MGP-gRNA 1 4N 54554
FTtgh3(2.29+0.17) \Acp5(2.86+0.15) .Ctsk(2.07+0.13) ) mRNA /KF-H) 2 (P <0.05), Z5i¢  FH CRISPR/Cas 9 FEA
SRR AR LA EE T MGP LR R 1 RAW264.7 AN ZR , @i MGP J5 RAW264.7 AR B /- fL AR Sy ek o

KR L REREOAR s AR Do diiE; 54 CRISPR/Cas 95 RAW264.7 2 (/)N UEAAZ 200 D 11 1l 4 A )

The effect of CRISPR/Cas 9-mediated MGP knockout

on osteoclast differentiation
ZHAO Liting', WANG Naining*, HE Fang',ZHANG Yan'
Author Affiliations :'Center for Translational Medicine , The First Affiliated Hospital of Xi’ an Jiaotong
University ,Xi’ an,Shaanxi 710061, China ;*School of Life Science and
Technology ,Xi’ an Jiaotong University ,Xi’ an,Shaanxi 710061, China

Abstract: Objective To construct matrix Gla protein (MGP) knockout RAW264.7 cell line by CRISPR/Cas 9 technology and to
make clear the role of MGP in osteoclast differentiation. Methods Three single-stranded guide RNAs (gRNAs) targeting MGP
gene exons were screened using the online tool before synthesized gRNAs were inserted into the linear LentiCRISPRv2 plasmid re-

spectively, and the LentiCRISPRv2-MGP-gRNA recombinant plasmids were constructed. Then the recombinant plasmids, together
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with psPAX2 and VSVG packaging plasmids, were transfected into 293-T cells.The lentivirus was packaged, collected and recom-
bined to infect RAW264.7 cells.Stable RAW264.7 cell lines were screened by puromycin.The mRNA and protein levels of MGP
were detected by real-time fluorescent quantitative polynucleotide chain reaction (qPCR) and Western Blot.The markers of osteo-
clast differentiation were examined by qPCR.Results LentiCRISPRv2-MGP-gRNA plasmids were successfully constructed , and the
recombinant lentivirus were successfully packaged.Stable MGP-deficient RAW264.7 cells were screened.qPCR and Western Blot re-
sults revealed that the expressions of MGP mRNA and protein were significantly down-regulated (P <0.05).qPCR results showed
that the mRNA levels of the most representative osteoclastic markers Itgh3(2.29+0.17) , Acp5(2.86 +0.15) , Ctsk (2.07 £ 0.13) in
LentiCRISPRv2-MGP-gRNA1 were significantly up-regulated (P <0.05).Conclusion The stable MGP knockout RAW264.7 cell
line were successfully constructed by CRISPR/Cas 9 technology.Osteoclast differentiation of RAW264.7 cells was accelerated after

MGP knockout.

Key words: Gene knockout techniques;  Osteocalcin;

cells in mouse mononuclear macrophage )

CRISPR / Cas 9 (Clustered Regularly Interspaced
Short Palindromic Repeats and CRISPR - Associated
Proteins) R0 /2 M FEAZ AW & B —Fh S o Mg
AR AR B S LR seag o [ S sk
IR AMZDNA R Bt. EEATRE JriE (SRR,
DOPHT R L A BB B MR R O e 12 Y, T8
1 AT 3%t tractRNA/cRNA B &1, 1 il Bp sk ) &
RNA(guide RNA,gRNA) ,{ifi Cas 97K FAX7E AU DNA
FEANE TR m b0 E Y Bl DNA 38 5 = R A s
P o AR AL, XL DNA S B &, R A8
o RSk ER IR TR B R s H e

FE T Gla 85 H (matrix Gla protein, MGP) , J& i #]
AR B 3R 14 kD B9 4EAE R KK
EME IR Y. MGP T IZ A7 T ™ s |
AR AU R E R AR U A
PR A", MGP & @B/ R A e BTk
SKIE AL 24T 6~8 JE BT, MGP JEH mf B
ANERIE ZR B ol E AERFG  JE R A KRR
B FEURAE /D RS, 58 MGP X B H 40 i
S —EER H2 4 Rk, AR LB MGP X
B AR M Ak AV E RIS . ASFSE T 2018 4F 5
H %2019 4 1 H #| F CRISPR/Cas 9 £ R HE T
MGP Ji [F i [ 1) RAW264.7 L 40 I 2, N BF 5T
MGP FER B 40 M) D) RE SR AR
1 #Mrl5AZ®
1.1 ##

111 Zmfe  RAW264.7 4 & (I T ERF# B
YHRLEE ) FH 55 10% J5 4= 13 (FBS) 1Y - MEM 35 572 2
EATRESR , 293-T 41 i H 7% 10%FBS () DMEM 15 57 3
BT IR B R 4 37 °C 5% — A ARER , FERE 2 d
AR 1

112 XA Bk 4 o & W T3 52 TIANGEN
8 A (45 Q5517) . DNA 4fi Ak 3R 5 & T Jt 5t

Osteoclasts;

CRISPR/Cas 9; RAW?264.7 cells(Leukemia

Transfection;

TIANGEN 23 &) (465 R6308) . BR il ¥ 4 1] i BsmBI
I T35 [ NEB 23 ] (#E5 201805028 ) . T4 % £ i 1
FPHLMG T AW ABRA A (5 AH70102A) .a-MEM
Fi e  DMEM #5372 0 T 3¢ [5 Hyclone 24 ] \FBS
4T 3% E GIBCO /2~ m] (k5 42F9081K-2023-1) . F
I 24 i 7% 31 3% PR -F- (M-CSF ) ) F 3 [#] Pepro Tech
3l (5 AF-315-03) B F « BZ ARG L FRC
& (RANKL) 4 F 3 [E Pepro Tech 23 w] (It 5 315-
11C) . Lipofectamine2000 4% 4% 151 14 T 3 [ Thermo
Fisher 22w (it 11668027)

1.2 FHik

1.2.1 gRNA &t A= F b side & FIH MIT 78
LRI BT XN MGP 2[R 1) gRNA , 7E#0LF 51
1E XCBEIR) 5 S A8 i ~~CACCG, J2 SCAE Y S S 5
AAAC,3 SN C.

1.2.2  gRNA &k &M E (I BsmBIFR 44 )
Y Wl 2% 1 1k 57 BL LentiCRISPRv2, il 1 1K & 2 .
BsmBI 1 pL,LentiCRISPRv2 5 pg, 10xbuffer 5 pL, b
IKZE 50 wl, 55 CEEVIE R, 19% SRR WHEE I HL K 6
it U SRR AT 435, FFH DNA gl i) & [mhiie ey 22
MR B gRNA SERZH R HAE IR KO HNUES | 1B K
F WA 2 g : gRNA Up (100 pM) 1 wL, gRNA Down
(100 pM) 1 L, 10X Buffer 1 pL, #+ 7K % 10 pL.
95 C/Z M5 min f7 AR A R E R, HRI7YS
LR P4 LentiCRISPRV2 JFUkL 1 352 , S R MR 2 0 -
VAL LentiCRISPRv2 547 200 ng, i B 10 151 1R
KW 2 wl, 10xBuffer 1 wl, T4 ZEHERE 1 wL, #h/K
£10 pL, 16 CRN 4 ho FFEHE YL 28238
YL, 37 Cit pedi s, PREBCHM: Fa b #2500 %
NSFINFR %8 o W53 IEH0F 5 B9 B TR, SR
ke FH o

123 @R EFMRmAmFE  203-T MR T 6 FLAR
WL R H 24383 70% % BB, F1]F Lipofectamine2000
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B F] 4> 9+ 800 ng LentiCRISPRv2 - MGP -
gRNAT1,2,3, ctrl 5600 ng psPAX2 JERE L 200 ng VS-
VG Bk — [ e A 293-T 4l 8 h 4 fif 15
FRdk, PRIt 24 h YRR TE RIS

1.2.4 2 f RAW264.7 20 it & 7 i #8 2 20 0 %k
RAW264.7 4R T 6 FLAR Y, I H 243K 5] 50% %
JEB A A 50% W 5 .8 we/mL FEEEE (poly-
brene ) BB R SRV TG . 24 h #7451 e/
WL M P4 3R ) M 5% 5 R R A 7 0 3 (R e Ly 1)
RAW264.7 4 fs A EMS R R btk ) , 3 d 5 Wi
My KK 7% .

1.2.5 S RAZE % RAFBR4E XA (qPCR)
i MGP AR B St & SRS RNA BT pg
WEAT R 5% 5% , cDNA F B 10 1% )5 1 FH TaKaRa SEHF ¢
A e w5 £, PEAT gPCR, S W AR &R 4 2 2 X mix
10pL . I/ 18 51 4 (10 wM) 0.5 plL. cDNA 5 iy 5
pL, #h 7K 2 20 wLo KW FE ¥ R 2 95 CHUAE 1 10
min, 95 CAEME 10 5,60 CiE k 10 s,72 CHEAH 20 s,
40MEER o o H Il - 3- i R M Ul ( GAPDH ) &
KNS, 27 LR TEE AT

1.2.6 & & Ji ¥7 it 7% (Western Blot) 4 MGP %
SRR AN, FH RIPA 40 it 24 ff v B2 B
H,BCATEI TR A & 20 ng EAMTHER
VK, I B AR 0k 2 R AT 1 h, —HT(1:1 000)
4 CHWFF 30, —HL(1:1 000) 555 1 h, )5 L5
VRS

1.2.7 qPCR ¥ 248 28 J0 5 AL AR & o F 09 Rk
DL RIS () 200 o R 4 75 5 (5 4 30 ng/
mL M-CSF 100 ng/mL. RANKL K 10%FBS a-MEM 5
SRS TR R 2 K 1R, 5 d)R
TR A BREA S A B A MR SRR (28 ER)
WCAE AR, $E LA RNA  BARERAE DL 1.2.5 Bk, Az
BB FR &3 T Tigh3 . Acp5 . Cisk B mRNA /K-,
1.3 SitZEAE i SPSS 17.0 {14814
Mro BHE LA x s £, 2R LR 7 225087,
2 8] W5 P 48R FH Dunnett-t K65, DL P < 0.05 2%
AR L

2 #R

2.1 LentiCRISPRv2-MGP-gRNA & 40 [& 1 {44
BHYETE AR/ EMCP R FEH], FFH R 5 PR
TEHE 3 Al gRNA, P 5140 o gRNAL: 5" -
CACCGTTGCCACGGCCAGCGCAGCC-3",5-AAAC-
GGCTGCGCTGGCCGTGGCAAC - 37 5 gRNA2: 57 -
CACCGAAAGAGGTACTGGAACTCGA - 3’ , 5' -
AAACTCGAGTTCCAGTACCTCTTTC-3" ;gRNA3:5'-
CACCGGCTGTGTGAGCGCTACGCCA - 3’ , 5" -
AAACTGGCGTAGCGCTCACACAGCC -3 5 Xf I JF
5.5 -CACCGCGCTTCCGCGGCCCGTTCAA-3" , 5 -
AAACTTGAACGGGCCGCGGAAGCGC-3' . ¥ ik
FERATIRIR K 5 5 LentiCRISPRv2 UKL % 452 , #y
¥ LentiCRISPRv2-MGP-gRNA i 20 JF ki , I 5 48 &
SN 1 P, R A TR A R

230

Cccccec e T ICAAGT T T T

Xf IR
0 210 220 230
cCGcaAAAACACCG TTGCCACGGCCAGCGCAGCCGTTTT
UL “ WA \ “““
M N - At - S
210 220 230
ccaAaAAMMAPCACCG AN IAGEAGE G TAC TG G AANC TCGAG TTTT
gRNA2
210 220 230 240
AC G AAIRACAC C S GO TGEGITGEGILTEAGCOC G TAC G C  CAG T LT
A ‘ “ “h“ “A ““
A 1 i VAV = /a8 8 NS TN S L~ S o

BE1 LentiCRISPRv2-MGP-gRNA T ZH kil 5 48 5 45
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22 MGPERERBMRETE

22.1 MGPARESRAR PCRET U2 EHYE
P 15 T L RAW264.7 4 fifd , 57 1€ f5 75 B 2 MGP
FEIR F SR AN 7E % , qPCR BIE R BRACR . AN iEl 2 f
75, W etrl 4HAE M XT BR , LentiCRISPRv2-MGP-gRNA1
ALY MGP 1k 7KF A4t BEAR Y (18 + 4) %, Bl
T 82%, H: it R 2 % fe AF: 5 LentiCRISPRv2 - MGP -
gRNA2 4 i (1) MGP & 35 7K - A X HE 40 g 1) (36 +
10)% , RSN 64% ; LentiCRISPRv2-MGP-gRNA3
YA MGP A K- R X BEARAE A (26 + 7)% , ok
BRI T4% , 2 A G024 E L (P<0.05)

0.24
0.0
%)

T

& S 5

A %Y' %Y’ \ad
s § §

B2 ARIRAW264. 740 5E FEMGPA mRNA K-
222 MGPAREMBAREEG RPTEEE H
FHAE 5 BN A MGP 25 [ 238 15 00 , B0 AN [H]
eRNA GRS . i 3 27w, DL B-HLah & H (B-ac-
tin) NN Z:, 55 R AR (ctrl) A HE , LentiCRISPRv2-
MGP-gRNAT1 .2 3 #fi i 5 b 1) MGP £ 17K~ 27 B dd
FEAI, MGP 25 PRI R B A7 0 A\ 0

R 2N}
RSN AN o EN of
& s

MGP

B-actin - W
B3 ARRRAW264. 7400 50 FEMGPRY & FH /K
223 MGP 2 B 3tk G 3T 808 2 je 5 1L 69 % R
X5 AN ] 2 8 5 4 FH 7% 30 ng/mL M-CSF ., 100 ng/mL
RANKL [ 10%FBS o-MEM ¥ 72 3£ #4735 S 431k,

.} w

|
[TV
h 1 1

L

i

Itgb3 mRNA/KF-
Acp5 mRNAK-

(=}
S

B2 RIE 1 IR,5 d G AR AL, $EUE RNA, i e
S8 cDNA, qPCR AN B A A bR 5 07 Ttgb3
Acp5 . Ctsk 1Y) mRNA K- 25 R A& 4 F s, 3 Fia
Bk MGP (A [RI 4 e b 22145 S0k s , 5% BB 41 i
(etrD) [ (1.10£0.11) . (1.02+0.09) . (1.12+0.04) | 4
[, LentiCRISPRv2-MGP-gRNA 1 4 Jid i) 5% 15 idi 4
F Itgh3 . Acp5 . Ctsk mRNA K43 514 (2.29+0.17)
(2.86+0.15) . (2.07+0.13) , ¥ . F I (P < 0.05) 5
LentiCRISPRv2-MGP-gRNA2, LentiCRISPRv2-MGP-
gRNAHI AL B AR 75 37 1) mRNA KPR B 2
W[ (179 £0.12) . (1.75£0.17) . (1.69 + 0.09) ;
(1.62+0.19) ,(2.21+0.13) . (1.91+0.15) ,P <0.05],
DL 25 AR r B MGP J5 B 40 i o fh ke , ¢ 3
MGP 1 il 8 B 240 e oAk
3 it

CRISPR/Cas 9 J& —FP7E £ I 407K F- | i RNA
163 Cas 9 25 B ME GRS H WL H Wik, T
PRAETTRA R R H 257120 FE SR A
P DR 9 R R 7K B 1Y) 5 TR IR 9T 46 T
KRR MR TIHAMER G #EE AR, CRISPR
H1 Cas 9 85 1 HA AT EIC L R R, 7T
IS A gRNA SCIH 22 5 448 5 R B OB =
B 1 B R S

A< 5256 H] F CRISPR/Cas 9 #5 K , 7E gRNA /1 5
A AR T S N A A S PR Y Cas 9 X
MGP 3 K A1 i T455E 1Y DNA FF 9 R T4 S b )
i 3 A [ P A g e G mk [RTRE EE 2, A6 4 i DNA
BEEMNT R BIRBREE A H R AR5
JH CRISPR/Cas 9 5 A ¥ RAW264.7 41 Jifl 7 1) MGP
B R 35 KO- B 82% , % R4 5E RAW264.7 41 il &
Al T35 MGP I BE

MGP | {Z A4 THCHE 86 B IKBESR 4,
JE—Fh i 84 M LR M A 2 F KK E L
THIE ML R MePE 5T
BASIL IR A BFSTIE S MGP 2 I 48 A 4R 21
ZUEEAL A 3R, 78 M ES A0 28 vh MGP T

2.5+

s 2.0

<

< 154

E 1.5

£ 1.0 —

4

2 0.5-

0.0
Yy > & N ) >

ng @v (B) S Qg S Qg (C])
$ $ $ $ 3

B4 ARIRAW264. 7400 FE B B4 bR i 70 F I mRNAZKSF- : A R Tigb3, BA AcpS, C R Cisk
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200 e AR A ) AT MGP AT I A% PR 1

kB(NF-kB) & 1, n] il i 41 i RANKL fie 2 - 20

JL 53 Wi DR 3R OPG, St B A7 6 . DL L

WH5EH 7R T MGP 12180 H 40 i s 40l b g /R

M MGP 225 T B A 3 P v AR WA
AR5 3E 1F CRISPR/Cas 9 A , €57 T ARE T

F 1K MGP [ RAW264.7 41 g & , F) 85 11 ot B 38

5 \qPCR XS H MGP ZR 1 DL UEAT S 5E o AR EE T3

MR MGP 5 [ ) 2k b W] B IR i — XA )

2N S EREAT B 5 T 04, IF 1 qPCRAG I

W pRE T RIA R A5 R R iR E R B MGP Y

20 s B, LA R B R 0 1 B R KR L RS

MGP ] R 1 A0 3 Ak . B MGP 25 7 4 i
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