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OCEMEZMHRO
CCR2 J& PHl i 7 Bl oy A it e i PRI RS S5

sk En, ELE X 22, A, i
(ZHMEARFHIHFZ PRI R GRS

324‘: (%1%)\\\
fle. 230032)

BWE BE H) C-COBME 72K 2 BI(CCR2) HELR R LAY B8 F AL R B4 43 BT , 300 58 4 i i =X S iz ( PCR) 125 % CCR2
B DR B R TR I e R . i R S1EE R CCR2 25 M4 /) RO A T A /) R AT S I 9608 Hh 1 — AR, R A Y
F1 AR & 7/ AR AT A0, T/ 2 ] i ] BT FE B4 Z U B DNA, PCR 54738 H 196 R R B, BRI R I v Uk 047 25 TN
FABIRAE oSBT SR 7 A= 5l CCR2 JER R 45 75 AU EL 1, SR T Western blot SR Xof 2 B G e 4 g 1 S A
85 36 E 5 AR/ B P COR2 5 R B s A Ao P A AR 0o S S e A MU D CCR2. B TR () R B3 X 9% R Ge T B 2 15

W, R ORIV E IR T T CCR2 JEHHRR L, 4583 1 3 AR AL F2 A/ L CCR277* (CCR2*™ (CCR2™™, Jlaf
PCR 58001 T AR Y, Western blot 7k CCR2 FEPRER /N BUrf CCR2 45 B, WU Hr W], CCR2 Ji PR R 2 Tk

/BRI IR T 4 CD4 T 70 Th R4 263k , (B $2 0 5 1%

AN IIRE. ERE  IEAMAY SEAE AL E AR B4l 5 CCR2

DA RS Bl ) TR LR A, PR 35 001/ R D R LA TR0 L DREE L TSR R A
KR C-ClfeN 752 2 B SEPIRRR; RA MaE N SRR 5 B 30K MR ST R

hESES RS593.22
XEERERL A XEHS 1000 - 1492(2025)07 - 1167 - 06
doi: 10. 19405/j. cnki. issn1000 — 1492.2025. 07. 001

HAE RS R RIE R R EAIEZ —, X
— b P B f G R S AR A 2 Ak
A5, C-C kN T 5Z 44 2 #1 ( C-C motif chemokine
receptor type 2, CCR2) J& T G £ IR 3 R KWk,
SRl T KBS G MBI S A, H T AR B AN
M B WA L D B B AR A LR T 2R i 2 R
2O S B W 1 N RS ST LS PR e RSN 73
SN2 ULCES A (A RS P -X ¢ ]
FEFE A1 28 2R G500 A £ 2 1k 25 22 b &2 2 s it
Ferfr, CCR2 A DA P HG G B 7 10 981 35 4 T T
D N T IR AT CCR2 (A KT RE, 4
f CCR2 J& P @ RSB Ay 1 — i AT g i 52
FB, ATAEREAR S W)oK F- b WS CCR2 gl 2k fr
FURBIEEY) AR . BT R AR T CCR2 JE D Rl
INERURR BT SR M N L PR B M 5 7 R A S IR
W, BRI 2B Oy g A OGRS A
HEFTSERY CCR2 RBR WAL, DIIR A B CCR2
HHICE I A R SRR

2025 —03 26 2l
WA ERK [ RRHERES (45 :82373877)
YEB A R B, &, LA
WAL, B, 20 WA 0, G A5 1 3, E-mail ; wjiajie@

ahmu. edu. cn

1 #M¥57%

1.1 ##y
1.1.1 %34 CCR2 LM B4 & T /N, 1
PE,5 H,7 JEIE, BT hEE (20 £2) g, CSTBL/6] 3t f%
B, Wy H 32 [E Jackson ZLI6 = ; BF A= A C57BL/6)
ANER, MEREAS 10 B, 7 F iy, PR (20 £2) g, 9 A
TR DA A AR A BR A /DRI RS TR
BERL R F I R 25 FERF 5 Bir SPF % 3h#) b, S 56 50
(R i 5% B B T A 3G [ A B e B4 S 36 sl P ) 77
BHRE , SLI S e # Sk PZ-2020-009
1.1.2 £ &H## pH=8.0 Tris-HCl %W (15 5.
G2003-1,JbIt K E R A PR R ) s pHS. 0 EDTA
VAW AR v RIPA 2R IR (1525
E1170 ,PO015L PO013C, |38 = KA W AR A R
OE]) 5 BT RS 3 h F A Y (R8O B A IR
H]4 ;2 x HotStrat Taq PCR Master Mix %R YLKl |
100 bp Ladder DNA Marker 50 x TAE Hi yKk 2% #f ¥
4545, MT205 .EL108 . MD111 EL102-01, b 5¢
BB AR A R F]) 5 3R s (555 1110GR100,
I FEE A YR A BR BT A W) s PBS 28 i (%
5. B310K], b5 By A W R Ry A IR 7)) 5
CCR2 ik (1582 WY-P80385, [E MCE 2\ #)) ; B-
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actin LI (525 . #T0022, 35 [E] Affinity Biosciences
23 w]) s ECL AR &G & (555 : BLS20B, b 5t >
ANPIBECA FR 2 F)) 5 BL4H A — B 20 i 5 7% 0 8
[AF ( granulocyte-macrophage colony stimulating fac-
tor, GM-CSF) (4% 5-:315-02, 35 [E Peprotech /Y] ) ;
F4/80 F11 CD4 PR (185 :123110 302604 , £ [
Biolegend 1 77 2~ #] ) ; IFN-y i X HT 1k (47 5
2851067 , 3% [H eBioscience i)/ F]) o

1.1.3 £ 2ME CO, 35 (K5 . HF100, FifF
JIHRFAALEATER A H] ) s PCR 47 HE{X (#4°5-: T100),
AR AR AR A BRA W] ) 5 R e AN (B
7 :DS-11, #&[5] Eppendorf 24 7]) ; DYY-7C B H 3K {X
(B . DYY-7C, b uis — MR A R AR 5 42
H ShAh BE e R 53 £ 558 (B : Tanon-1600, |-
M RERHA BRA ) s ATER.OHL( BT ; Centri-
fuge 5810, #&[E Eppendorf 22 7]) o {4t 40 I X
(245 A00-1-1102 , 3 [ I v & JRIR AT R A7) o
1.2 Fik

1.2.1 CCR2 AW &k R ey AHRAH M CCR2
R DA R 53 /0 B 77 N BB I 7 R B R~ e PR 2
PR A S g s b SPF RS b N . R 3R i
JEHYESFAE 18 ~22 °C IR EEARIFAE 40% ~T70% , T {a
HIREEEA N 12 h/12 h, DIBADL A SR IR A0 /N
() S AR 2 ] CHORE B BOK R4 2 ask 7 A 1 v T 1
FETH#E, SR TCEDIRZS o e Ah, /N B S HA 3RS KT
FEAERHE B IR AN T B RIEA SPF i3 ML IF T
SN A IROL , A ol AR BORL 2 U, TR AL
BERRHS TR . T RS, DR Al 5
T B B A R B LA 1+ 2 Pl T g, A T/ B
298 JAMEE S 21 d AR AR AL B F H FL
BT, ML 2 WG, IR
B2 F2 AN T E geta i -5 204

1.2.2 CCR27 R ARKE F1 /N2 HB
B, B3 ~5 mm B2 1.5 mL EP 459, i1 50 pL
YR AL PR [ 25 mmol/L NaOH, 0.2 mmol/L EDTA
(pH=8.0) ], T 95 “CHLAE R /KA 17 30 min,
BHEIA 50 pL B [ 4 mmol/L Tris-HCI Z& i
(pH=8.0) ], W figiR & 12),3 000 r/min B.0> 5
min , IR, 3% IR0 a0 & SR — 20 1 1Y
¢DNA, CCR2 ™"~ /)N UL IR s 2 51 9 7 91 L 36 1
PCR 9" 58 S 45 R, BROAR MR BRI HL UK PRI 1.2 ¢
BIEAA T 60 mL 1 x TAE ZHETE R b, A Gl
P AR RS 3 U, FRRR JE A 8 L AZ R YL EL,
PEAJBARLE, FREER S, 10 wL PCR 74474

J 5 pL DNA Marker #47 _FAEHLUK, HL UK 2540 120
V .45 min, 459 J5 2 Tanon 1600 4> H 3h&E K ER 4y
PR G, ot — BB R

£1 CCR /- /INREERLESIMWFT

Tab.1 Primer sequences for CCR2 =/~ mice gene identification

Sequence (5" -3")
CACAGCATGAACAATAGCCAAG
CCACAGAATCAAAGGAAATGG
CCTTCTATCGCCTTCTTGACG

Primer name
Wild type Forward

Common

Mutant Forward

1.2.3 D REEmIes B RAIMER FIELLSE
AN KN IR T 75% LB S ming /NGO FES /N
SRR ESAILIAL, BT B A 8, 1 1 0. 9% A AL N
WO B RE P UE R 15 mL B0 P, AT 70 wm 3 G
W R BRA LR 7,1 500 r/min B5.0 5 min, 3¢ _FIE R
AT mL Z140 0 2, BEOLHE S min J5 1 500
r/min B0 5 min, F _FIERIMASH 10 ng/mL B I
AN AT R 1Y 1640 B8, 1557 7 d A5 &
BE kIR B % 4 Jift ( bone marrow-derived macrophages,
BMDM) ; 85 JF/)N USR8 B K, 85 HE AR, 45 6 ~ 8 mL
0. 9% FALIN I W A /I BRI IS, 52 0 42 JBE I 5
min J5 ] 1 mL {58 AR 0. 9% SALENIE R
H,1 500 r/min B0 5 min, F V5 B AT 301508 I
JEAV [ W 2 Jifd ( peritoneal macrophage , PM) ; 72 1
S0/ BROSUHL R 35 8 B Jok DA ke o 1 7 A8 /N B, A T
5 08 /N BUBAZIUS , 42 R T A0 IR 8 e Jik
IRBRFE ML S, P2 SRS BUIR BR T D B, fd 1M
M HR HE P AAS [ 3 B2 2 B A 1. 5 mL B0
YRS, P A0 58/ B R/ BR A 7
£ 15 mL .08 T, INASER PBS 147, 75 HL 15 mL
BROE IS /N B T 20 B8, F A B 5 1) Il A
WD NBEZZME A, 800 r/min #.(> 30 min, H
[F1] P62 )23 440 i B Ay b 3 o 54> A% 40 i ( peripheral
blood mononuclear cell, PBMC) , [543 557N B it
WEFIIGZHLN 1.5 mL 208 R A5 T MUE SR TR 1)
PBMC 75575 2 [A] A1 JH] i ok 5 PBMC.,

1.2.4 Western blot % CCR2 & & & &5 $2HL
F2 AR/INBUST 43 B 14 JHE JUE 0 JAL O 20 4 B0 4 5 1 LA
KU1 2.3 WUR 43 g i S S i S T 1.5 mL
ODET AL SEND, SR A /)5 LA,
XM 10% SDS-PAGE Hyk, J155 & PVDF JiEE, JRA
TBST V&Y 5% AR W5k 2 1 B 2 h, BES 53531
it A CCR2 — 4% (1:1000) A % B-actin
(1:10000) ,4 CHFHELRK . KH,% TBST ¥k 3
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R, AR 10 min, J5 A WL P14 1gG (1110 000) A 1 2 3 4 5 6 7 Marker
FIRMEE 2 h, fR4 TBST P 3 A PBS PE¥ 1
U 10 ming S5, AR AOE R A 500 bp
I RAEEE 1T Image J #4534 B AR S50 K BE 400 bp
fti. 2006p
1.2.5 #ZX@mpRé&n CCR27 DR 2E A% 100 bp

g Fra KL 2.3 WUR " SRR PMALIE R
I8 PBMC 35| #% % 1. 5 mL BLOEH, 708 WT 4
F1 CCR2 ™~ 4H,2 000 r/min 20> 5 min, 5 20 20 i1 25
[ R R, I AAH L A LK) F4/80 ,CDA il IFN-y
TABUA 4 CHEROGIFF 30 min f5, B0 FIHH,
i PBS RS, Bt MR ERAE T, B
R A AT T

1.3 %itF43E KA GraphPad Prism 9.5.0 %
PFHEATEE S B R R IR T Bl R x5
PR, IR LEBLAd FH A ST REAS ¢« 455, P < 0. 05 D922
AT EE X,

2 #HR

2.1 MEWEFEHBER FLANRBIHEFH 2
R, Hrh i1/ RS S G 3K, m30™
3 IR R 2 1/ B B AT IR R 7
19 ~21 d, 574 A 3 ~8 H, HA RBIE %
it 90% .

2.2 NNRERBEEER B 1A RERT 2 /U6
FRUA L R AR g 2 51, o 3 5 /N BN s 494 bp
ZM L IR P AE B 1,257 S5/ R R B
390 bp 1494 bp WK, FAA T34 A6 5/
2390 bp S5, WAL o BEJE, SC 5 T
B F2 ARG /NS SR A G 1/ BT I 2
B, BT F3 A /0N B 5 DR R 0 45 SR an 151 1B iy
A 2 SR AT (O ) L1 1.3.4.5 570
I RA G T (R AR ) o P HOMERE 26 5 /N BR
HEATY %, 2 FA QLG S AR, BT A /N BRI B
#9390 bp fER—Z%41 , W& 1C FirR , 45 5 B 2 1]
C AR T R 1 25 5 R B /N BRI A o

2.3 EFE/B/MR CCR2 ZEHREER NRIE
PCR %78 45 1, A 52505k H] Western blot 75 ¥ 45
CCR2 ¥ A= %1 F1 CCR2 4li & F /)N Bl PMs . BMDMs .
PBMC fifi fIffAE o CCR2 Kk, 4R BoR, B
A AU INBR S92 240 RS 43 U 45 Hh 2658 CCR2 R,
M2l 7N BRE S 40 i A 4 Hh JL7-JC CCR2 3%
K, 5 PCR EEH LY G, X 45 REIET
CCR2™"~ &l £ /Iy FRRE Y 1) g 3 1 2, ok Jis B2 9%

B Marker 1 2 3 4 5 Marker

500 bp
400 bp
300 bp
200 bp
100 bp

C Marker1 2 3 4 5 6 7 8 Marker

500 bp
400 bp
300 bp
200 bp
100 bp

E1l CCR-NREHLELR
Fig.1 Results of the CCR2 ~/~ mice gene identification
A ; Genotyping results of F2 generation mice ;B : Genotyping results of
F3 generation mice; C: Genotyping results of F4 generation mice;1 - 8:

Represent different mouse numbers.

CCR2 Tjfigdefit 7l fE iy sh il . LA 2,
2.4 CCR2 EFEFER/NR I RIE RS ThEE R B0
T HRT CCR2 FE IR 1) i o 2 15 25 M) /)N B A 938
REUIRE, AW I R A I 2040 i AR A T CCR2 BF
A BUFN CCR2 4l /)N BB HE SR U PME R AL > I
CD4"T i T iy o3 B AR I Lo S5 R ER, 5
CCR2 BAEU/INERL LA, CCR2 42 /)N B >k Ui
T ZH /g CD4* T 1 Thl 4 g 3¢ 1k FAIK (& 3A)
CCR2 4l 17/INE, PM w F4/80 41 ifd |5 b JC W i3 28
fE(E3B)

3 it

CCR2 fii F A3 Sy fafk I, 4t 355 a0k
%, 7 F il 42 ku, CCR2 A28 1 A~ N st 4 i 41
SERIRN T ASRSE I B L A 38, CCR2 A5 W ik
PSR R, CCR2A #1 CCR2B™ , CCR2 f3ik
FE R R T EHE IR AR GOk A, H T
LEFRIRAE AT AN b, 6 S BSOS 1Y T 4 b =35
FE /N, CCR2 J& MCP-1/CCL2 1y 3Z 1A, Hoi s
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PM BMDM PBMC
WT  CCR2” WT  CCR2” WT  CCR2”
ku ku = ku
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-actin o = v -actin _ |42 B-actin 42
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D Lung E Spleen
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CCR2 . - 44 CCR2 .-‘ -: 44
B-actin - e (o —acti 42
B-actin - e
| S - - E2 CCR2 7 WT /NRF1 CCR2™/~
e[ 2T NRRR S AR A e ) Rk
=]
g _§ 2 3 Fig.2 The expression levels of CCR2 in
‘R S &
2 2.8 different immune cells and issues of
=
%&S) [l — %E F = U WT mice and CCR2 =/~ mice
o
2 5 kil ) —_ A: PM; B: BMDM; C: PBMC; D: Lung; E.
= E=No|
g E“jé Spleen; **P <0.0l, *"**P <0.000 1 us WT
0 - 0 group.
WT  CCR2 WT CCR2”

AN {5 598 J2 JAK2 (STAT3 \MAPK FI PI3K )
5§55 ik, CCL2-CCR2 & &b N ¥k -
TR B AT )2 Z R TUAY P R 1 A AR G 1) 451
¥, Hidii& CCR2 W] 5 HA — R A LR FR i
7 ML IAR LS A, By CCL2 4b, s AU F5 CCL7 ,CCL8,
CCL11 .CCLI3 .CCL16 Fi1 CCI26"° 7"

IR IR ok B A 28 DA SR s T
R, B8 T f R 10 JE M KA 5 Y, 73X
3 Fh2ERISEAT S rh, CCR2 FAURZ A0 R IV A 1) L 191 AR AR
wtt T B SCHERIC#, CCR2 75 CD14 Bl 4 it/
E W20 e v S 808, AT AR S R M 9 5 A 9 1)
B, CCR2 LR BBk /N UL E AR B B R
SE PR AN B g Vi Y SE R A RS, HL CCR2
BB/ RT3 X SE B I R T 4
RS T TR BT A 755 14 28 IR O 48 /)N BB
AU IR DG 9 AR A I, o R I P e U Y
Ewggnffish CCR2 FikiZxdr I J+, &/~ CCR2 52k

PG A 5 1Y R 1 S BL LA — 52 IR, R
CCR2 R REAEF NIRRT R I E 2 A
N T RARTE CCR2 FEE KBRS T R P 91
FABLE], AWFFESIA T CCR2 SEPH R BR /N B, 1706
SPF ZRbREAs MR FR 55T, SR T m &l A 1 B
FRBEIC LUK EA , X/ RIEA T 2R N BUME RE , B PRS2
BERfTE, T CCR2 AEZ M EIE S22
55, e al A8 5 B U K& B IS SE T RE 2
B SEBR g R, 4l TN SR B DN, TR, 7E
IR SO R R TR e . ARBETERBUR &
/NSRS TR, R A0 18 1 i i R RN RO
S AR TR Al 1) X R A B SR T AT, SUAR B T
A T/NRAE R, O 2 S g 3R R 2 S0 Hr
X — M- T SR T R S M AR, BB A
—{lt CCR2 3 [H mg B /N B, 9 IR AR AT CCR2 728
RGN 9 AR S AL BE5E 1 18 S FO A Y SR
X ET R HA F S
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E3 CCR2 EFEpImfcxt T AREH0E iS40 faThRe
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Fig.3 The effect of CCR2 knockout on T cell and macrophage function

A The expression of CD4 * T cells and Thl-type cells is decreased in T cells derived from the spleens of mice; B: Percentage of 4/80 cells among

peritoneal macrophages; * P <0.05, *** P <0.001 vs WT group.
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Breeding and genotype identification of CCR2 knockout mice
Zhang Huiru, Wang Anqi, Liu Chong, Zhou Yuanyuan, Xue Hui, Tu Jiajie

(Institute of Clinical Pharmacology, School of Pharmaceutical Sciences, Anhui Medical University, Hefei 230032)
Abstract Objective To explore the breeding and genotyping of CCR2 knockout mice, and to verify the applica-
bility of the polymerase chain reaction ( PCR) method for genotype detection of CCR2 knockout mice. Methods
The introduced CCR2 pure male mice and wild-type female mice were mated and bred to produce the offspring gen-
eration, the obtained F1 generation heterozygous mice were continued to be mated. DNA was extracted by clipping
the tail tissues of the mice at the age of 2 weeks, the target gene fragment was amplified by PCR, and the genotypic
results were determined by agarose gel electrophoresis. The proportion of purebred progeny carrying the CCR2
knockout gene was increased by genetic crosses, the effect of CCR2 knockout in the progeny mice was verified by
using Western blot against major immune cells and key organs, and flow cytometry was used to detect whether the
knockout of the CCR2 gene had any effect on the function of the immune system by targeting the major immune
cells. Results CCR2 knockout mice were successfully bred and characterized, and three genotypes of F2 genera-
tion mice were obtained: CCR2*'*, CCR2*/~, and CCR2 ™/~

and Western blot showed extremely low CCR2 protein expression in CCR2 knockout mice. Flow analysis showed

that CCR2 knockdown reduced the expression of CD4 * T and Thl cells in mouse spleen-derived T cells, but did not

The offspring genotypes were identified by PCR,

affect macrophage function. Conclusion  Correct breeding and identification are important ways to get the pure
CCR2 knockout mice, and PCR method for identifying mouse genotypes is simple, fast and reliable.

Key words C-C motif chemokine receptor type 2 ; knockout; polymerase chain reaction; genotyping; protein ex-
pression ; rheumatoid arthritis
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