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WE HB %S CRISPR/Cas 9 F RMEMN RNA-22-3p(miR-22) H: PR (miR-22 ) /INEL, B8 miR-22 ™~ /NI %58
HFEHA, FFiE {8 CRISPR/Cas 9 FiAR M@ miR-22 ™"~ JL [N TRE/N B, 22 % 5E FO X miR-22 7~ /NRUE , 15 HAE s
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R, HAEN I (Western blot) # miR-22 S¥EILN M T AR, &8 A CRISPR/Cas 9 Hi AR I HE T miR-227"~
VB R B N BT T LR St T miR-22 7 miR-22* " miR-22 " A RIS, qPCR KIS B
S miR-22 7 /N5 [ B B A RN ERECH, O BT B OB R S R SR LT AN 3k miR-22, Western blot A5l Hy miR-
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afi g miR-22 7 /NE, miR-22 X} T 4L NLRP3 A5 WiiAE A o
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miR-22 JE—FpE4S RNA, K BEZ 5k 22 nt, 7]
P mRNA 92235 /) RNA (microRNA,
miRNA) & — R 57 B AR 4 i RNA, #1222
AApE Yy A A E R AR A ST Y
T Fh SERT 9 A 1 R A IR SV ( quantitative re-
al-time polymerase chain reaction, qPCR) ¥l f% 45
B~ miR-22 E 25 KT 325 4 (rtheumatoid arthritis ,
RA) FB W IELH 2 E B RIB T 15 4 (osteoarthri-
tis, OA) f8 5 iy IR 2 1 I 3R3K T FER R, 3278 miR-
22 W[ R RA (R S o KA B AR
miR-22 7~ JEH TR/, 3% miR-22 ™~ /NERL AT
TEG SEPUEE R qPCR AN S5 S2 56, itk — 2
WE9E miR-22 TEP K HL I vh & 4% 1 1 ] 42 1 55
B shPiiny
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1.1 sCgzhd 12 17 B €57 BL/6 T B, HEbE6
HMEPE 6 H KRBT Ry (25 £2) o, W AVLIREEZE 2N
FRAE DR By A BR A W], T2 R R K 27 i R 24
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PRWFSERT SPF S R E B /N (B g 5
PZ-2020-049) .

1.2 FEiKF SuperRed/GelRed #4124 ¥} (5%
5 :BS354B) K IE W T 5 L Biosharp A Y14 R A
PR F] s NLRP3 Hi{4 (925 :ab263899 ) Il T3 [E] Ab-
cam 23w ; A TG H marker (575 : WJ103) Il T
R HE RS AR W) PR 2 B BR 2 W s BAEWE BE I T
12 [E Biowest 2] ; DNA marker ( §%°5: MD112) 4 T
e B A YRR B AR A B2 7] 5 Hairpin-it™ mi-
croRNA and U6 snRNA Normalization RT-PCR Quanti-
tation kit (555 : E22001) 04 F I35 0 & A YR A
FRAH]

1.3 FENSE EABBIK(ES:DYY-7 C) Il
FAL R S — PR BRA 7 506 € & PCR Y
(#4'5: CFX Connect) W H 1 IHA SR A i B2 257 i A
RS 5 A2 RO AR 73 BT A (B : Amersham WB
system ) 4 | 22 [E GE health care /A #],

1.4 7k

141 miR227" R KMF  HHE Gene ID
(TO17691 ) /N1 B P 41 )7 9145 B, B miR - 22 -
201 FLspA AN 7 1A A R DX R R 7 51 L
VLI EZEZGFE/N 7] B M : hitps : //cn. gempharmatech.
com/ shop/ productDetails/43279 ) , i B % X 18 15 2]
miR-22 "~ /NE. 7E C57BL/6] GPT /N A7 %5 B
WAkA: 57 CAS9 1\ 5 RNA (single guide RNA,
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sgRNA) A7 [ E 2 , 15 3 FO A/ A/
FEPRY I 0 AT R 2SI, 3R A FL AU BB €
WL ERRL,

1.4.2 miR227" R FFEE miR227
/NERT SPF 2 5y ) 5 36 25 N A SR A BB, R 5R™
MEFEE TR BE W B AR AR I T i A /S BT R 1Y
TPk HORL 8L DA W 75 08 K SR AR 28 0 v i e R K
B IR SR A BB 3 d S 4/ N BRRERE 1 9K, 42T
I/ U HOK DR S BB R 25 1 DL, F
PR B B R, S B H A s 5 A5
By A= R (Wide type, WT) /INREAT & 58 B8, LLIEAT
JEEES R

1.4.3 AREA%R

1.4.3.1 FUZ DNA 25 F1 /NEAK S 20 d &
AL A DR EAR T R 22 ~4 mm K FEIRER
57 K5 TR B CE T ICEEY 1.5 ml EP &,
A 50 wl A ¥ (10 ml ZE4E K +50 pl 5 mol/L
NaOH +4 pl pH 8.0 EDTA) , BN 52 2% F A W
WA T 757,95 °C 2% 30 min; [ EP 4 A 50 ul B
W(10 ml 247K + 400 wl 1 mol/L pH 8.0 Tris
HCL) , g 532 500 v/min 8.0 5 ming I F ¥
W HIE DNA 5356 SR AR .

1.4.3.2 PCRy ML 525 519 hod F A9
(B0 ety A R R G e 5& R (knockout,
KO) & WT 5| ¥y )3 By 38 S iR L& 1.2,

#1 miR22~ " NREELFE PCR KRR35 #F 5

Tab.1 Primer sequences for miR-22 =/~ mice gene identification

Primer name Primer sequences (5'-3")

T017691-KO-F1 TTCATTCGCAGCTCGTGCGTC
T017691-KO-R1 GAAGGACAACAGTTCATGTGAAGAGC
TO17691-WT-F2 AGAAGCTGTCATGGTGCCAGAGAG

T017691-WT-R2 TGGTTCTGCACAGTCAGTCCAAG

1.4.3.3  HUIRHEEEC IR B 100 ml HEFEHH, 14]
AR 1. 2 g BREBEVA AL 60 ml TAE 2 nhi i
o IR A WS T IR R A 10 ul
LR GERL , 155 Ja AR H R[] 5 75 LIRS N TOA
EEFEEEIE . TERAL P IATFIE) DNA #Ed, BA4>
FEAA 10 p,l,,ﬁ\:q:‘ 1L mAS wl DNA marker,
HLIKAXIE 2 120 V, HLIK 40 min, EAMEIE RGE T
WA H /N B BE R B 38 DR A 2

1.4.4 DRELEE miR22 K-Fiem 125 8 4
IR F2 A/NRAS R i, RS T ORI K, B
5 WT S miR-22 7"~ 2l 7 /R T i

£2 miR-227/ " IINREFEE PCR i K R EF
Tab.2 PCR amplification reaction program for miR-22 =/~

mouse gene identification

Seg. Temp (°C) Time Cycle
1 95 5 min
2 98 30 s 20 x
3 65 ( -0.5 /cycle) 30 s
4 72 45 s
5 98 30 s 20 x
6 55 30 s
7 72 45 s
8 72 5 min
9 10 hold

W RRIL 6 A~ HE 45 41 2 5] SR B I 21 RNA, B 2L
/N A EP 48, i AGE & PBS YTk, B4
EP & HIIA 3 ~4 A/NVRERAT 1 ml TRIzol 5K , ik
ANHLWFENL TS Z . BIFE 5 B 3 MO A BT
() EP & rp ARG HA 200 wl =4 H ke, EFIRGE
JCA 4 COKF#E 5 min J5, WELH ™ A B B 43 )2
JE LA 1200 t/min B0 5 ming WEEC ISR EHM
EP 4 in A5 W) b WA N, TR AR
AIET 4 CUKAE i E 30 min J5 8.0, 7 B,
EIRA B EUIERITT RNA I ml 75% ZESE T
UUUE G B0 37 B3 W45 81 RNA, JiMA 10 pl DEPC
IR A A e i S 4l B . AR % 3 miRNA Al
U6 3% iR 26 RNA 3% 556 eDNA | HAR R4
f£F -80 C,

F3 20 WFEHRERMES
Tab.3 Sample dosage of 20 pl reaction system for

reverse transcription

Final Volume

Component

concentration (ul)
5 x RT Buffer 1x 4.00
dANTP (10 mmol/L) 0.375 mmol/L 0.75
U6 snRNA/miRNA RT primer mix(1 pmol/L) 60 nmol/L 1.20
RNase inhibitor(40 U/pl) 0.5 U/l 0.25
MMLV Reverse Transcriptase(200 U/pl) 40U 0.20
RNA Sample 1 wmol/L X
RNase Free H,0 Up t0 20

BCl SR 2R B 2 OBy EP 45 8 T ok b K
MR 4 25 4 43 i 43 5 BC il miRNA FT U6 snRNA
qPCR P S 7 44 28 5 o JC 1 1) B A4 2R 78 40 TR 5D
SR BIRE Y 8 H A N, A5 S5 ) miR-22
F1 U6 1 cDNA B F PCR (U5, I-4 4n T 72 )7 it
17: WA :95 °C .3 min, PCR ¥ (40 DEHF)
95 °C 12 5,62 °C 40 s(R4E) .

1.4.5 Western blot #0] miR-22 ™"~ /)N § R £ 4047



- 1054 -

ZHEMKFFIR  Acta Universitatis Medicinalis Anhui 2025 Jun;60(6)

 NLRP3 #9438 B L 4.4 wp[a) g 7 A2 0 I miR-
227 HlA TN B R 6 AN IERS
AU E A BHI 7R 19 RIPA 24734 CE
30 min Jo BLOHCEHB B LIRS 5 x EREZ R
BdE 4 - VIRA,100 CHigt 10 min AR VL5 PRA7T -
80 Co il 10% (173 B A AR L , A TR FRE i
S 3 marker, LAFEJE 120V #EAT LK, B LUK 58
ERRYBEILL 400 mA fEE R NE 1 he F IR E T
PRIELES PR P S P 10 ming SR FRTECAST R A — B
TR, 4 CHFR SR WH 2R TBST i il
TEUEIZIE 3 U, PBS #RHETE 1 U0, BRRIEYE 7 min,
BEJG A L TR R I F 1.5 h, #LL TBST,
PBS IS WRIEYE . o BT B AT AL ROE A
%

F4 EREEE PCR20 Wl REERMES
Tab.4 Sample dosage of 20 pl reaction system for
quantitative PCR with dye method

Final Volume
Component
concentration (ph)
2 x Real-time PCR Master Mix (SYBR) 1x 10

miRNA/U6 snRNA specific Primer set

0.2 pmol/L 0.4
(10 pmol/L) pmo

ROX reference dye (50 x ) 1x 0.4
rTaq DNA polymerase(5 U/ul) 10U 0.2
c¢DNA 2

RNase Free H,O0 Up to 20

1.5 Zit=43 {#i ] GraphPad PRISM 10 4Xk{f
BT T 5 50, T BRI + bR
2 (wxs) o ZUZIARHHE R I 2257 (One-way
ANOVA) , L Z 18] LR T ¢ K8, P < 0.05 D922
AR,

2 HR

2.1 3Kk miR-227'~ FO {£/hR  C57BL/6 J /MNER
ORGP, SR TS sgRNA F1 CAS9 HIR &), 3115
B2y 12 Hpg 1 ~12 (1 FO AR/NER, 2R 5 $2 30
FURB B DNA, ] ] seRNA ( CCGGTTACCGCGGTTC-
CCCCCGG il GGTACTTACCCTTACACCTGTGG ) 7E
CCTop P L 50t o] g i AT A2 8, P A1 L3R S,
XP/NEURERE DNA #E47 PCR 974, 15 3 PCR 91§
FEYIHEAT Sanger W7 0 25 R (&L 1) Bd B I JC i
BN o HLRORE /N B DNA £ 4T PCR 73 55
ik, 5 KO 5149F0 WT 514535847 PCR 43§ [0,
SR AT SRR REE R LUK N B B 45 AT A,
J DNA 5 KO 51947 PCR ¥ ¥4 J5 A %47, 5 WT

1WAt PCR J5 o450 W 25 1, 2 338 bps 47
FHRINA WT, 2k 351 bp; B~ PCR 3445 26417 1y
AT HARS e RE 2, BEIAAL L sl G
THTHTI0; K OETHT 1245689,
1112560 WT 45k 2, BESCE0 L2 315 8t 4
SE FO AL miR-22 7~ /MR,

%5 miR-227 T NRIMA BB AR S

Tab.5 miR-22 ~/~ mice predicted off target sites and sequences

Off target site Sequences (5'-3")

Gm24131 GGTCAAGGGCCCCAAGGGGGTAC
Kndecl CTGGAGGGAACCTCGGGAACTGG
Dnajc6 GGCCAAGGGCCCCAAGGGGTCCC
Letm2 TTTACTTTTCCTTACACCTGAGG
Gucdl AGTACTCACTGTTACACCTGAGG
Acotl0 TGTCCTTATCCCTACACCTGGGG
Gm24131
Kndcl
Dnajc6
Letm2
Gucdl
Acotl0

E1 miR-22 "~ NGRS DNA Sanger il 458

Fig.1 miR-22 =/~ mice tail DNA Sanger sequencing results

300 bp 300 bp

2 FO R miR22~ MNRERBET
Fig.2 Genotyping identification of miR-22 '~ mice in FO generation
PCR KO primer on the left, PCR WT primer on the right; B: Blank

control, control without DNA template; 1 —12: Numer of mice.
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2.2 B mR227" Fl1R/ME HBFoffdhoR
AT/ - 1L LB A B E 22 H
FI AU/, a5 13 ~ 34, BE PR 4 )i 45 51 UL ]
3. MERAL AR Ei S, G A 14,1617 (18
20 21 25 27 28 29 31; ¥ 25T, 4ie A 13 .15,
22 23 24 30 32 34; W WT, 4945 19 26 33,

2.3 miR-227 T INERBIEHEBER K FO L miR-

300 bp

300 bp

227 /NSRS WT /N seie i F1 AR, B

MAEIRI 20 d 2247, BT 38 6 JL/INRR, BT

it 98% . R H/NREIRIRIEY) U B2 5 .

2.4 miR-227 " INBREIEREN miR-22 FKikER
Wi qPCR X miR-22 7~ 4li4 /)N B AT A= /N

ST miR-22 3K BRI, AL 450 i B

TR 6 A~ JIE 25 | 285 5 WL B4 o F — 25 MRNAJKF |

PCR KO primer
300 bp

PCR WT primer
300 bp

3 F1 & miR-22~ - /INR PCR 58
Fig.3 PCR results of miR-22 ~/ ~ mice in F1 generation

13 =34 Number of miR-22 "~ mice in F1 generation; B: Blank control, control without DNA template.

201 25 4r
o~
o~ N
N < 20f o
% 1.5F S E 3k
s G [} I3 b
5 E ° < s 8
° 9 g2 15F o =
= <= R7 Y L o
o = s
235 1.0f sk o= 3 2+
o g o .g sokok g .8
g2 & L 1.0F 5 <
© Lz o Z
o 4 Z X =~
Aaﬂﬁ s g = g *
Z 8 05t 3 = Bt
> = 05 5
2 o )
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0 0 0
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o g
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S o 2 o S
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4 F2 8 miR22 - & FNRSHEENR miR-22 Rk

Fig.4 The expression of miR-22 in F2 generation miR-22 gene knockout homozygous mice and wild-type mice

*P<0.05, ***P<0.001 vs WT group.
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BGUE T PCR S e 45 S iy I 554
2.5 miR-22 TisEER BTN
2.5.1 AYMEEFTAN miR-22 B ity T e b

FIFH miRDB 1 miRWalk " Ji7 #1835 DR F500 9 5 757 0]
miR-22 " S SE PR, X6 A I 3l 1 S 5 PR B s 46
LI 5, 45 A WF5E T 10 S A AR s A2 A 4R v i i
192 T8 53l NLRP3
2.5.2 Western blot #4 M| miR-22 % NLRP3 &5 Fp %)
ERA BB miR-227 7 /NS s WT /NGO
JH B OB R 3R 6 AN TIE#R 41212 50 mg, $EHR
HAE A5, 1T Western blot A5, #6025 5 4 [
6 . 5988 miR-22 ™~ /N HE WT /NG NL-
RP3 A FRIBETHE, #2R miR-22 HA | NLRP3

B-actin

NLRP3

Relative expression level of NLRP3
protein in the heart

Relative expression level of NLRP3
protein in the lung
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5 miRDB #1 miRWalk £f &5 il 32 £ Venn [

Fig.5 Intersection Venn diagram of miRDB and

miRWalk target prediction
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5.8 2 £
v = | o S
g5 04 22 05
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o = o o
Z 02f 2
= =
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B6 F2{ miR22~~#&F /MRS WT /N NLRP3 EAMEXTRIXE

Fig.6 Relative expression levels of NLRP3 protein between F2 miR-22 gene knockout homozygous mice and wild-type mice

*P<0.05, "**P<0.001 vs WT group.
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3 i

miRNA J&— 2 ] 15 e PR 23 1) P 5P I i B
RNA, H R IA 1 o8 G 2000 e — R4 A= Py 3 78 110
AL % 2 25 4k, 51 R VE 2 NISBRT |, 5 4 i
14t BB A BT A A e S A Y TE
KPR R 2D, miR-22 AT ALK [ g
la sk es: P B SN UL i A = = S N R b 3 = =
TR FA T WL R S 5 P 1 A o TS P P
RA J& T — Mgk A B S M , 25 5 F BURAE |
VORI RERERE © , RA ZWEHLI P i R (i At
5 miRNA PR o A S B, R
P NLRP3 7E RA & B M B rh i 38 A FH s 1y
aH, NLRP3 S E 1A J2 76 K 598 7 48 1 QB4
LT, BT R -1 U0 A A AR e PR T TL-
18/1L-18 153 Wh, $2/~5 NLRP3 3 F %1k 5 RA 1tk
WY BFT I WA 4 A S S b T
AES RA R AN HAZM . it — 20478 miR-22
1E RA " EY DI RE A 10, ARSI M 1 2T miR-
2277 /INER A I TR 5 5 19 5615 4K ( collagen-anti-
body-inducedarthritis , CATA ) & 54 | % H, 43 #fr B A= 5l
J miR-22 ' /INEL 6 2L RNA Fil NLRP3 7E [
fF235 , 45 50 R miR-22 3L B & FH s T NL-
RP3 R IL, 57— &R EINE 1 CAIA
FSRAIE , $278 miR-22 Al RA g B i 19 % e o
AN, miR-22/NLRP3 Hli 75 gt 35 40 M 96 T rh s & 4%
& HEAE ], 154% 914 ( dapagliflozin, DAPA ) W] fig i
7 miR-22/NLRP3 %l 2t 3 ox-LDL 4 5 18 PN B2 20 iy
e B AR U] miR-22 A b R LB A
P85 I F 1 (silence information regulatorl, SIRTI )
I ZRIBA AR B 118 BH ZE M s X B At Zh e D
AR T I, 8 SIRTL AR —Fh B JS 55 57)
ALEYE YT 9 AE J7 17 & 45 A T, miR-22/SIRT {7
S AT AR SR A 2R . A ARE R B AN
Jl e miR-22 3o BE 3 7k DATHT 00 A4 P B 5O 1 T
W PLERR miR-22 ZEZ R HIL bR s K
R,

F5E 2 328,10 — 11 55437 3 (ten-eleven translo-
cation 3, TET3 ) i 1 fig ifF RA Fp it £ 2 A 155 40
(fibroblast-like synoviocytes, FLS) Hr#[ 55 MTRNR212
) 3777 Az ShC R & $E HAR RAE T,/ F UEr
LA HIAE FLS 52 PE AR RA SB35 1 O 0 i
Wo AWM T miR-227~ /NG, H:%H# ] PCR
BN REEE RS R ARAT (1 miR-22 ™ /N AT T 3 A

Y TE TN AL 230 PCR 915 6 00E , Bk 1A A 5L ]
MR E M s (B AE A [ ZH 2L miR-22 i 3R 3K 7K F- A
i), 7E— @& RE T b n] BEAFAE — SO 5e S A B % 22 7o
qPCR Z5 53R miR-22 ™/~ 4l /N R £ B J0E 2%
i miR-22 JLP ARk, LA R0 R R g f) v 2
PHFfa €, Western blot SC 56 4t 5 B miR-22 X
NLRP3 A fF, miR-22 HA M6 RA & 1
Mo
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Construction, breeding, and gene identification of

microRNA-22-3p knockout mice
Wang Anqi, Zhang Huiru, Zhou Yuanyuan, Liu Chong, Chen Yizhao,Tu Jiajie
(College of Pharmaceutical Sciences, Anhui Medical University, Hefei 230032)

Abstract Objective To construct microRNA (miR)-22 gene knockout (miR-22~"") mice using CRISPR/Cas 9
technology, to breed miR-22 =/~ mice and to identify their genotypes. Methods In this experiment, CRISPR/Cas
9 technology was used to construct miR-22 ™'~ genetically engineered mice. After gene identification, the FO gener-
ation miR-22 """ mice were mated with wild-type mice in the same litter to obtain F1 generation miR-22 "~ mice.
The miR-22 knockout efficiency was analyzed at the RNA level by real-time fluorescence quantitative polymerase
chain reaction (qPCR). Western blot was used to detect the interaction between miR-22 and target genes. Results
miR-22 ™~ mice were successfully constructed using CRISPR/Cas 9 technology, gene identification was per-
formed on the bred mice, and three stable genotypes of miR-22*"* miR-22"'~, and miR-22 "'~ were identified.
The real-time fluorescence quantitative PCR detection results confirmed that miR-22 ="~ mice showed almost no ex-
pression of miR-22 in the heart, liver, lung, kidney, spleen, and thymus tissues compared to wild-type mice in the
same litter. Western blot analysis showed that the relative expression level of NLRP3 protein in miR-22 ™~ mouse
tissues was lower than that in wild-type mice. Conclusion A miR-22 '~ mouse model is successfully constructed,
and stable genetic homozygous miR-22 ™'~ mice is obtained. This indicates that miR-22 has an inhibitory effect on
the downstream target gene NLRP3.
Key words miR-22; CRISPR/Cas 9; gene knockout; polymerase chain reaction; agarose gel electrophoresis;
genotype identification ; NLRP3
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