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[ Abstract] Objective To establish a macrophage-specific KLF2 gene knockout mouse model, and explore the
regulatory effect of KLF2 on the macrophage inflammatory response. Methods ~KLF2™”* mice were constructed using

+/+ .
mice and

CRISPR/Cas9 gene editing technology. Target genotype mice were obtained by breeding with Lyz2-Cre
screening genotypes through polymerase chain reaction, and KLF2 knockout efficiency was verified using genotyping, qRT-
PCR, and Western Blot. Bone marrow-derived macrophages ( BMDMs) were isolated and cultivated and mRNA levels of
inflammation-related factors in lipopolysaccharide-induced BMDMs were detected. Results A KLF2™"'/ [yz)-Cre*

mouse model was established. KLF2 mRNA and protein levels in mouse bone marrow and BMDMs were significantly lower
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in KLF2 knockout mice compared with the findings in control mice, while expression levels of KLF2 in the heart, liver,

and kidney showed no significant changes compared with levels in the control group. There were no significant differences in

body weight, diet, drinking water, and appearance between the two groups. The group receiving lipopolysaccharide

stimulation showed significantly reduced interleukin (IL)-6 mRNA expression and significantly increased IL-1, iNOS, and

CD86 mRNA expression in KLF2-deficient BMDMs compared with the control group. Conclusions

We constructed a

macrophage-specific KLF2 knockout mouse model, thus laying the foundation for further research on the regulatory effect

and mechanism of macrophage KLF2 in clinical inflammatory-related diseases.
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(SR, 6 E) s IKA (A 5K, 26 )



446 o E ST SRR 2024 4E 4 A 32 %55 4 ] Acta Lab Anim Sci Sin, April 2024, Vol. 32, No. 4

1.2 Ak
1.2.1  KLF2™ /NG RS s

K H CRISPR/Cas9 [ 45 5 £ AR MG 5 A loxP
DL A BEARZR A KLF2 ZEH 1) gRNA Fl Cas9 mRNA
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1.2.2 EHIKL
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A 1) AR R O AR SRR AL Ry KLE2 T 1 /)N
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KLF2™* /Lyz2-Cre* "~ /NERIEA T ME I A 22, 38 3
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KLF2 3 g b, 56 PR B KLF2""™ ) Lyz2-Cre”
(KLF2" " WT) /INRAE R X HRA
1.2.3  /DRUSER A % e

BIHUN B2 2 mm, A 200 pl 4140 24 fiF
W, 272,56 Ca B 24# 3 hy A 200 pL
Buffer CL, 784821, JMA 200 L Jo/K LB, 785
1BAT, B As A i AL W AT 0 2 min, =R
10 000 r/min B.0» 1 min, FFEW . 73 H0A 500 wL
CW1,CW2 ¥ W5 U e B A, 10 000 r/min £ .0
30 s, FEW ., 12 000 r/min, 50> 2 min, ER5EE
W, IR o Ol Sl AR A A
BRAx COWERE A J 22 50 e, U W B A TR
1.5 mL Ep B il A 100 pL JCHEK, # E 3 min,
12 000 t/min, Z5.» 2 min, 5 DNA ¥ .
1.2.4 PCR VA%

PCR W AR & 3t 20 pL:2 x Taq PCR Master
Mix 10 pL IER M54 1 plL(10 pmol/L) ,DNA
it 1 ~ 2 pL, TR KK 552 20 pL, 5197510
# 1, PCR Y HEREF T flox:94 °C 3 min; 94 C
30 s, 60 °C 355,72 °C 355,35 MEFR ;72 °C 5 min;
1445 10 °C , Lyz2-Cre:94 °C 2 min;94 °C 20 5,65 C
15 s(BFMEHRFE 0.5 C),68 C 10 s, 10 MG,
94 °C 155,60 °C 15 5,72 C 10 5,28 PMEH ;72 C
2 min; PRFF 10 °C, PCR Y847 W H 2% B b e e
MUK o LUK SE 0 B IS AR R a4 B AR 1
B BT R RS

R NRUERE PCR %55 1Y)
Table 1 PCR primers for mice genotype identification
EIE/ BN SIMFSI(5°-3")

Primer name Primer sequences(5’-3")
F.CCACCACCGCCAGGCTTATATACCGC
R:CACGGGCTGGCGAAAGTGGCAA
F:CCCAGAAATGCCAGATTACG
R:CTTGGGCTGCCAGAATTTCTC

1.2.5  /NBUE B8R 5 40 A (0 20 B B 3R M E e
Qb E

PEHL 8 ~ 10 ¥ K2MKO /NEUFT WT /NERL, 4
e N BN RBCE R, R TR 75% 4
EE S E TR PBS B I BUR B U
I BY o Sk W, i DMEM = % 92 3600 156
BRI o B TR AR R AT HL, 1000 +/min 2540
5 min YL, A 1 mL 2140 10224 7, T
B, A AAA L, VK E#E 10 min, JITA 10
ml, DMEM =i 3R 38 H B 40, 1000 r/min #5.0 5
min JE R LA MELEWE . F DMEM Sfiidssedt +
30% 1929 /NERBLEFAEAAME 35 + 10% 16 48 135 /Y
SEA RS 3% Ik H B AR 0 40, 8R0S R A0 i
B R ZTE S5 x 10° T 6 FLANR G SRR, 1
L2 mL, 3u85 32 7 d, Hirp 3.5 d #ei, U E B4 40
L, 368 o g 20 L A A N % T AR AR ) F4/80 XoF L I
YA AT S E, WS LY A B A o WT 4
K2MKO 20 \WT + LPS #H K2MKO + LPS #H, Hrf
WT + LPS #H K2MKO + LPS ZHffi 1] LPS (200 ng/
mL) FI#% 6 h, HRZA A, WS i T J5 2L
qRT-PCR #0,
1.2.6 EWEA0H KLE2 8 [ 33Kk F46

RIPA 2R 32U N BMDMs S 11, BCA &
FE R & D E S R EE . SR T 10% SDS-PAGE
BERCHLUK 1 h JBHEEE I 1.5 h, 5% MR U5 % i 3
M2 h,4 Cit MW H —HL KLF2(1 : 1000) | B-actin
(1 :5000), % H ] TBST ¥EME, A SEHi R =41
(1:2000), 37 CH#FE 1 h, TBST ¥, # PVDF
JEE T ECL &6 2 min, 8 9% B0l AR R 40
I HT
1.2.7 qRT-PCR K/ Bl 4% 2 21 KLF2 mRNA J
BMDMs #$EAH G mRNA ik

iz F RNA $EBGAT S 0N VR B O E I
' J& BMDMs &4 RNA , fllis A% il 2 AS0AS: I 4% 2 5
RNA 40 B Ko ok B, 85 45 2 RNA AF 0 33 5% 5 R
¢DNA, ¥ qRT-PCR 514, HIFHI L 2, Fidl
SYPR Green 7¢ G YL B} & 2 3 20 pL:2 x TB Green
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Mix 10 pL, IEZ 51 %145 0.8 L (10 pmol/L) |
cDNA #8647 2 wL, TCEE/K AR 57 2 20 pL, 18 HSCRT
PO B R G IATE A, IEH LS L B-
Actin N2 278 PR b it

£ 2 gRT-PCR #:M7|Hy
Table 2 RT-PCR detection primers
EILZER S FIFH(5°-3")

Primer name Primer sequences(5’-3")

F: TAAAGGCGCATCTGCGTACA

KLF2
R: GTGTCGCTTCATGTGCAAGG
F: ACGGCCTTCCCTACTTCACA
11-6 R: AGACAGGTCTGTTGGGAGTGG
F: ATGCCACCTTTTGACAGTGAT
-1 R. GTGCTGCTGCGAGATTTGAA
, F. GTTCTCAGCCCAACAATACAAGA
iNOS R: GTGGACGGGTCGATGTCAC
D6 F. ATGGACCCCAGATGCACCAT
R. ACTACCAGCTCACTCAGGCT
F: AGAAGCTGTGCTATGTTGCTCTA
B-actin

R: AAGGCTGGAAAAGAGCCTCAG

1.3 FitESH

iz 1 IBM SPSS 19. 0 #4455t S g0 Bdis #4750 1t
IIHT, S LA + bRifE2E (2 £ 5) FRE
B BT 2 21 ) H R B R O 25 40 #T
P < 0.05 HAGITEE L,

2 G

2.1 KLFY""7"™ INGIRBREE

3 T CRISPR/Cas9 & [N 4 B 47 R #4
KLF2™ /N B, Bl B KLF2 3 K ( ENSMUSG00000
055148) FEFE AL T 1 ~ 3 X3 (exonl ~ 3), 14
AW UL 1A, KLF2™ * SEP R erE  MEPE /N LA
ZAFENFA D R 5508 J5 3 A% KLF2™ 7 LR R
/NE, 3 flox BIHIH) PCR %E 45 LI 1B, 3™
B 249 bp B—Z%4 A KLF2"" JER BN, 9

Ha it 215 bp H— 2547 KLF2' " BB/ N G, 474
249 bp M 215 bp W 4k Ky KLF2™ ™, Hor
KLF2" JLHAUNRH T %F
2.2 K2MKO /MNRKBREE

K2MKO /NREF L E 2A Fiw, [ flox
I Lyz2-Cre 5149 %) B 245 219 /N B AT 56
RIME 50N 2B TR, #5 flox 514935 H 249
bp 1 215 bp A&k, Lyz2-Cre 59K Y18 H 45447,
INERIE R Ry KLE2"* / Lyz2-Cre™ 3 5 flox 51491418
i1 249 bp F1 215 bp XWAkHF, Lyz2-Cre 5|19 4
700 bp 4%y, /N IE R BN KLF2™* /Lyz22-Cre” ; 47
flox 51919 4 Hh 249 bp HLI&AT, Lyz2-Cre 51 RY”
a2y, /ANRIE R A KLE2* / Lyz2-Cre™ 3 27 flox
I 3G 249 bp FAZEAT, Lyz2-Cre 51904 15 1
700 bp Fat , /NRIER BN KL / Lyz2-Cre”
2.3 K2MKO /MNRFES

Z2MEE , K2MKO /MRAE K & B BRI, B &k Z 0
O, TIER EH . 8 il K2MKO /MRS WT /)
RUIASE HEe ke ST EEZER(E3),
2.4 MR KLF2 BiBA R IGIF

AT % E K2MKO /) Bl KLF2 R BR 30K, ff
qRT-PCR il /)N BB 46 L O JUE I LB KLF2 mRNA
21K /K- ; Western Blot Kz illl BMDMs H KLF2 & H
FiKKF, 458 BoR, K2MKO /) Bl 88 KLF2
mRNA FIEAKF-8 WT /N BUA 8 3% FEAR (WT ZHAH
NP FEIAMH K :0.95 £ 0.04, K2MKO AH X 3518 K .
0.08 + 0.02) ; MG IE JH B KLF2 mRNA Fik/KF-
BOWT /NERUTC 25 5 (B 4A) | BE T I 240 iy
SPERGR KLF2 /N BB R & D, 5 WT /N
BMDMs #H k., KLF2-MKO /)y il BMDMs H' KLF2 &
HRIA I FEAR (K 4B) , 3F— 20 Ui W/ BRABE A A
BRI,

A B
e Qo & » .
L ° 35} > Q’\? <
\ \ R R S
500 bp
I I N S S 400 bp
1 300 bp __249bp
3
2 200 bp — 215bp
Exon of mouse KLF2 I cKO region Loxp site 100 bp

TE AN B KLF2 o /N R RS 5
& 1
\flox/ flox

Note. A. Construction strategy. B. Genetic identification of KLF2

mice.

KL /I A AR A

Figure 1 Obtainment and genetic identification of KLF2™/* mice
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Note. A. Reproductive route of K2MKO mice. B. Genetic identification of K2MKO mice.

Figure 2 Obtainment and genetic identification of K2MKO mice
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Figure 3 General situation of K2MKO mice
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Note. Compared with WT mice, " P < 0.01.

Figure 4 KLF2 mRNA expression levels in different tissues of mice
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1. A BMDMs 3 U AR R AR &S 46 B LPS fll# T BMDMs
5 WT + LPS 4/, ™ P < 0.01,

PAEANFEFE R mRNA £ kKT 45 WT/MNEAIEE, P < 0. 055

5 BMDMs RAEHIKEF mRNA ik

Note. A. Identification of surface biomarkers in BMDMs by flow cytometry. B. mRNA expression levels of inflammation-related genes in

BMDMs under LPS stimulation. Compared with WT mice, P < 0.05

Figure 5 mRNA expression levels of in
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KLF2 J& KLFs ZZ 5% h ik 5% 5 22 1 5% sk IR 1 4R
1z —, FEAEPLE KLF2 XI55 9 52 40 i 5 g 1
PYER . KLF2 ZEIME P R i F B G 22,
KLF2 152 155 P9 R D Re AR A 9 “ HF 567 4%, i
X T U 22 A 0 5 DR ) o Stk A 2, S UK BEE R L
BHXHTFEREAEYSIRN NS
fapt> B ATAER  KLF2 X 40 A SR8 I g (4 98 1
WA I 2 — W AN A Ry 5 A e
B — 28, 76 RAEAH B Th I A,
o g G AN R S R B KLF2 /N BB RS 98 B
WA KLF2 72995 B A4 18 A8 Ak B X 4 55 11
P ML I R 25+

SR G H AR s T X SR e R 5T, o
J& CRISPR/Cas9 $i A L) 72 i FH T sh P A g gt |
= 2] TRRAEAIER , HA IR AS | mseR S B e

. Compared with WT + LPS mice, ™ P < 0.01.

flammation-related genes in BMDMs

JL BN B P9 TR AR S TR S TR 4 gk AT
SEPERE DR R AR AR A PR R
M FE 25 IR S T S, KLF2 ZRJ2& 4N
B Cre/LoxP RGEAA AT DLk 38 /N BUIR G 205t
1) JRy IR 3 Ay 7 AR 200 L S e v A 5 5 TR ) g 4
HETHIRE ) AR I E T KLF2-MKO /)
BRI M DNA .mRNA F14E 7K 5 5E T H il
bRz, HEFUNRAERKEE R B RFINA
Tk, AR B A fiE ) 5 6 BT A b G I
FEE FEIE R kT A B DR R R 1 SR BR
TELIER IS rp 2 Cre/LoxP £ 40 B 90 ] T8
RN SR BB KLF2 /)N BUAS A S | [l RE A R4 kb
MR T KLF2, 5 A0 58 AN R ) S 72 F it KLF2" ™
BRI R FH A 2 [ U o 4l B8 S AT HE A, T AR AF 5%
WY CRISPR/Cas9 A .

KLF2 X 98 E S b EAT a3 /E 3l L 90 il NF-
kB JRE (R il B, 98 RE R 1 AR, — 7
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KLF2 7] L i3 430 28 BAF F M NF-xB 38
PRAEAE ) S — 7 T KLF2 3 ] LS i 36 0 NF-
kB 38 % B 7 R 3 U0 IkBo IkBe B3R A1
HigG e, BEVEANEm RAERSBA ZmbE A e &
THE’J*&W):M RS R SIEEM, B
I, KLF2 X 05 20 A 9 R PR 2 i PR P LA AT AN 52 42
THAE . AR B s 57 VA0 R S A R KLF2
/N BMDMs , F#{8 ] LPS 75 5 40 ifg 48 S A5 40 | 1A 41
WL R KLF2 X B W5 20 i 4 E S R A sE ], 45
SR BEER KLF2 f BMDMs JE 3 550 5 25 942 46
PR RS T IL-1 F M1 B 5 W05 40 B bk 2 4 6 3k
THeEr, B KLF2 % B W6 40 i 4 5E 2 A R4 4
o SR, A I A5 B 2 40 e S Bk KLEF2
(1) /I BRAE v B TR R 2 5 s B P 2, (R 6
BB 2R 20 KILE2 6 8 i B w7 e s 4 Pl 12
ARSI R T 5 AT e S B KILIF2
ANER, R KLF2 78 v 20 A A A 78 2 AL 2 13
T AR SR I kg 1 — 20 k) I AN i R S
PR KLF2 9 AS /N BF5Y KLF2 75 AS 5%
R PER I HP 1 B LA B e A
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