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HE B M2 CsfLre™ Rosa26 YFP 4R &5 L /MR, Al CSFLrC™ /S 458 e RE A (YFP)
bRic BN S AN I 808 i EWEAI IR . 753K Rosa26"™ 2848 /N A —A loxP il
B[y STOP ¥4, J ffi A\ Rosa26 SE[K & (13 (3 B (AL (YFP) o 24531k Csflrcre
HABEI/NRAZACRS, STOP FPAIBMIER, JFEXURAL G 1R CsfLrc™ Rosa26 "FP [tk 41
T E] YFP ik, K CsfirC /MR 5 Rosa26 "™ /NRACHD, JEIT PCR ffiiki Csfirce
Rosa26 YFP . 5 JE /N o 23 B AR CsFLrC™ Rosa26 Y7P /)N B I v b 1 B Bz 4m i . P
WA B E AR S LR AR B, i B, s R g AR 4y
B CsfLrce /-3 YFP bric AL E MR 0 280% . 455 CsflrC™ Rosa26 "™ i & HE K/ il '
I RS BRAE. fif. EREdifgil YFP A7 30k 93.25%. 92.45%. 91.10%. 94.70%,
MK LIS YFP PALECH 98.20%, HHEZAMNMRIE YFP AL EN 93.90%. 45ig
Csflre™® nJ LA YFP X% H2E & B WA A LA R i AN L PR 4H M AT 7R B TR,
CsFLrCre mJ A ik e i f) J5= R 2 AR i b 2 R

K HEIR) CsfirCre HAMy; fRAGHEEDR; MAHRA; HIUEEEEGHL; PR Hi
PR AR

HE%ES  R392-33; R 329.2

MR SRS A

Csflr-Cre-mediated yellow fluorescent protein can effectively label
tissue-resident macrophages in various tissues
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Abstract Objective To construct Csf1r®™® Rosa26"™ mice, and to detect the efficiency of
Csf1rc™ -mediated yellow fluorescent protein (YFP) labeling monocytes and tissue-resident
macrophages in different tissues. Methods The Rosa26"™ mutant mice had a loxP-flanked
STOP sequence, followed by a yellow fluorescent protein gene (YFP) inserted into the Rosa26
locus. When crossed with mice expressing the Csf1r™ recombinase, the STOP sequence was
deleted, and yellow fluorescent protein (YFP) expression was observed in the tissues of
double-mutant offspring (Csf1r°® Rosa26"™"). Csf1r®™® mice were mated with Rosa26"™ mice,
and genotype of Csf1r™ Rosa26"™ mice were identified by PCR. Blood and bone marrow
monocytes, liver macrophages, kidney macrophages, alveolar macrophages and spleen
macrophages of adult Csfl1r™ Rosa26'F" mice were isolated, labeled with flow cytometry
antibodies, and the recombination efficiency of Csflr™-mediated YFP labeling tissue
macrophages was analyzed by flow cytometry. Results In Csf1r®™® Rosa26'F" reporter mice, the
median percentage of YFP* was 93.25% in renal macrophages, 92.45% in liver macrophages, and
91.10% in spleen macrophages. The percentage of YFP*™ was 94.7% in alveolar macrophages,
98.2% in blood monocytes, and 93.9% (2.4%) in bone marrow monocytes. Conclusion Csf1rc™
can be used to trace tissue-resident macrophages as well as bone marrow and blood monocytes. At

the same time, Csf1r®™ can target these cells to prepare conditional gene knockout mice.

Key words CsflrC™® recombinase; reporter gene mice; flow cytometry; tissue-resident
macrophage ; monocytes; cell labeling efficiency
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M. [Fif, TRM S 5#EMERR. RBP4 b Thae S A s AN, 75 2505
HAE PR I IR H % SO FR AN T El k. TRIM 32 05T i 40 Al A 09 75 38 5 v 4 i
IR R B i AT AR H AR T, R TR B 2 vz TRM B4, TRM 72k B M) RESS
T TEARTC . A SE R R/ R 7T TRM R & RIZh g JE 5 A 200 T B, Rosa26"™ 8745
/NELE loxP I ) STOP /#7123 A\ Rosa26 H [H B (K 35 (a7 L R (3L (YFP) , 5&iA
Cre FZLMEH)/NRAZHC /S AT IER STOP /741 3F 33 YFP. 1T Csf1re™® /N i m] F T B AZ S g
M RICE. Rk, ZEER S M Csfirc™ Rosa26Y™P XUAR /N, it YFP %Kik
7~ TRM ot CsfLrer ({13835 LA &% TRM 8 YFP bRic )i 3 80%, ilt— L7t TRM IR E

FNThBE P A HAR /N UL AL
1 MRS

1.1 /N Rosa26 "FP i CsfLrCre # LR/ R (1R H 32 [H Jackson SE36ED, 2 HMEPE Rosa26
YEPUNERAN 1 RUENE CsfLrCe /NG T %05, MEPE/N BT 5000 19.2 g F118.6 g, HETE/N
SRR AN 23.8 9, A C57BLIGI /MR, SPF 2. %%/ NRAER 12 JUNR, HHHE S5
R ANE, 7 KRB NR . AN RIS IR T B F R A b AR fr L2 BT SPR 213))
Y. sheEEdit S A: IACUC-20220209-08MOL .

1.2 I(BE5iRF]  LSRFortessa SORP i {4ifuf¥ (#15: BD LSRFortessa SORP, 3 [E BD
~H]) 5 Applied Biosystems ProFlex PCR # ¥ PCR 1% (!5 : ProFlex 96-Well PCR System,
2% [ Thermo Fisher Scientific A ]) 5 4 H shAS &R 151X (A5 : ChemiDoc™ Touch,

%M Bio-Rad A7) . PCR 514 (ALl RKEFBHAMRARD , FHINE 1. 2>Es Taq
Master-Mix (Dye) (dbgiEE N4 A ; Mouse Tail Direct PCR Kit (IR BRHEAF)
Collagenase IV (Z£[H Sigma- aldrich 2 7]) . DNasel (£[E Sigma- aldrich /A %]) . Optiprep
™ (f#F Serumwerk Bernburg AG A#]) . RPMI-1640 (dbiith A BFRAF) | IX 4
fill CAbstEERw) o PrARAGUAE BT : CD45 - AF700 (3ifE5: 30-F1, 1845

109822) . SiglecF-BV421 (wif%'5: E50-2440, %5 : 562681) F1 CD115-BV605 (W% -
CSF-1R, #%%5: 135517) W[4 3%[H BD Bioscience A ; Ly6C-BV421 (TS : HK1.4, %
5. 48-5932-82) . F4/80-PE (TifES: BMS, T%'5: 12-4801-80) . Ly6C-pecy? (TufES:
HK1.4, $%'5: 25-5932-80) . Ly6G-pecy7? (hif£E5: 1A8, 0i5: 25-9668-82) . CD1lc-PE

(FafES: M418, #%5. 12-0114-83) I H 3 [E Thermo Fisher Scientific A %]; CD11b-APC



(keSS : M1/70, $5%5: 101211) . CD64-BV421 (nof# 5. X54-5/7.1, #%'5: 139309)
A1 F4/80-BVT71L (FifE'S: BMS8, Tt'5: 123147) i H 3 E BioLegend A#].
1 Csf1rC™F1 Rosa26"™ X [H i & 5 ¥ 75

Tab.1 Identification primer sequences for Csflr-Cre and YFP genes

Primer Primer sequence (5°—3°)
Csf1rcre-1 GCTGTTTCTGGCTTCTCCC
Csf1rcre-2 GACCCCTCATGTTCTGAAGTGTC
Csf1rcre-3 GCAAAGGGTCGCTACAGACGT
Rosa26""" -1 AAAGTCGCTCTGAGTTGTTAT
Rosa26""" -2 GCGAAGAGTTTGTCCTCAACC
Rosa26"™ -3 GGAGCGGGAGAAATGGATATG
1.3 Ak

131 NREFHERMEE 2 Al Rosa26R™ /NR 5 1 RN CsfLrCe /NR A58, 7
FACHZE 7~14 d ST BUBBEHK OB EP & 345 ; F Mouse Tail Direct PCR Kit
A RARTEEL DNA: 2R AR B AH N S 1) 1 X R CBRFEARRC )7 : 4 plL Proteinase
K, 200 uL 1>Mouse Tail Lysis Buffer) , JR2JJ5MH, EP &4 AN 200 uL 1> f#H,

R 5 55 T /KB E 20 min, 95 <T M#A 5 min K% Proteinase K, 325 /) B A0 ik 2 4 2L i
AR . WHEIRY 78 R SI 24 =W )5, 12 000 r/min &0 5 min, i1 PCR
Bi; FCE PCR SBIAZR 12 pl: 2>mix 6 b, DNA Rtk 2 b, 5% i+ R 1.5 L,
H,0 2.5 W; PCR W 4&fF: 95°C 2min; 95°C30s, 60°C30s, 72°C50s, 35 M,

72 °C 2 min. PCR P=¥)%5 2%E AR e s vk, FH A5k e A A M B2 AL 5% o

1.3.2 Csf1rc™® ROSA26YFP /v R K Csf1re 5 ROSA26Y P /)N B AT AT p 441 Ffd 225 34 1) 3R B
HUNBIE RS 1.2%0) =R £ 1% 500 puL FREE/NR, 75% ORF45 R BB, 4/ BUE E T
B b ST, B NIRRT, 2 8 /N UM TRk, B BB 27, 6 &6 0.25 mmol EGTA.,
5 mmol D-glucose. 0.665 mmol 2441 T #EWR GEEVEREE: 0.147 pmol NaCl. 753.733 pmol
NaH,PO4 7H,0. 438.226 pmol NaH,PO, 2H,0. 5.3 mmol KCI. 9.1 mmol HEPES. 4.2 mmol
NaHCOs, pH=7.3) , L3440 pL/min Fi#E T 3~5 min, M3ETFHIEA MK, 25

&4 0.05%[1) i JEEEIV, 0.002%(%) DNase 1 ff] 11 #EWLA 2 550 uL/min f3RIEREE 3~5



min, JEALVE A EIFIE 00K, HFAREET 2, AINA RPMI-1640 35775411 100
mm Bi R, ARBHEIIE, 70 um 4HML0% M 09I 38, AR AR . 4 °C. 483 r/min
L5 min ZERUTHERFSSF 40, 1526 r/min. 4 °CE.C» 5 min BUTIE4ML, ) 2.25 mL (1)
RPMI-1640 15 77 EKUTTE 40 i B Stk . # HEAE A 4C B T ifi 1) optiprep A1 RPMI-1640 %%
FILMNRAW, WEHEY 2:1, AR 3 mLECE, WRAE, 4 15 mL SO08 N
N 2.75 mL FRER, 5 E SRR PAERIEGHS], H RPMI-1640 5775 E A% 5
mL, 7E3L EE/NODEREHIN 3 mL RPMI-1640 £537 %, VE R RPMI-1640 1% 7% 3 A4 g
RAEWAEWESYZE, 4°C. 2264 r/min 5.0 25 min, FFFEN 0, WEC 241 EIHTHI 15
mL E.08H, i RPMI-1640 57756 % 10~15 mL & ¥4, 4°C. 1526 r/min &0 5 min,
DUREANARIS A 1 mL 2D 40 B AR R 2 40P, 3 min J5 0 2 mL PBE £ 1k, 4 °C., 1 526 r/min

B0 5min, &&E PBE #HE4NM.

1.3.3 /NGB i R R B 200 P B PRI HUE R, N I R T 2 mL
BT, HFARBYIEIRE, 1E 37 °CIYFRIR A 44k 45 min, FIH 70 pum 4H A 57 99 1 98,

IR A B IR, NN RPMI-1640 B3R Ef e, MR ALK S
J&, FUF 70 pm 200 9 I, A AR . K TR I U ST AR 4 °C L 483 r/min
B0 5 min ZEFRUTTE ) IESS TR, b I PR AT it SR 0 i B I CE 4 °CL 1526 r/min
50 5 min, YTVELHARE 1 mL 2040 B R AR & 40, £ 3 min J5 ] 2 mL PBE #& 1E413¢,

4°C. 1526 r/min &0 5 min, JIAN& &= PBE B 24U,

1.3.4 /)N R S B BE SR 20 MR PRI K/ CO R ARAE S, FHl 75% L E4A 3R RO 75
WS B TR b, TR, RS e e S AL E A 0 B VNG AR, I EI
A 1.5 mg/mL 7 PBS 1, JBA1J5 4 °C, 1526 r/min &0 5 min, JTIE40A/5 A 1 mL Z040
U E BN, 75 I E 3 min J5 I 2 mL PBE £ 1E24f#, 4 °C. 1 526 r/min &.0» 5 min,
Fli& & PBE EREAIM. 45 H/NRIRE RS, BANGH 75% LB MR Ry . 5l
BBt A B A B LR AL, SRR IR R O & PBSS R4 M 335 7 L i 3 2~3 K,
BJEBN&H RPMI-1640 5577 54N 7R IR . FHRRRL BY BY 7 JR-B R B (4B W, 4R
JEFH 1 mL VRS AR e A R R, BRI AR AR Sk — i b e RS B E) 50 mL TC R 0
i, BEEZREERKE. 70 pm 405 R E JEAS B RS, 4 °C. 1526 r/min B0

5min, JIEMMA 1 mL MR REE, 3min 54 2mLPBE Z1E4%, 4°C, 1526



r/min 2.0 5 min BUTIEGHAL, TN &E & PBE #2401

1.35 WABUAbR IR R AR AR TRM 240 S A i ER
100 pL, A 1 uL Fe Block, #4110 min. AN[A TRM LK B 248 i ST AA R b 1o 55 s
T BFEE R CD4A5-AF700. Ly6C-pecy7. F4/80-BV711. CD64-BVA421; A I 4 ffl
1 JIE EL W40 2 CD45-AF700. Ly6C-BV421. CD1lb-pecy7. F4/80-PE; filiifd Ei 15 4 Jf2
CD11c-PE. CD45-AF700. SiglecF-BV421; Il M B & 4% 40 )i Ly6G-pecy7. CD11b-APC.
CD115-BV605. Ly6C-BV421. BCHIHUARIS, A4 A i i iU RCE ke, RAEH )
FIREAMFEATIRS], UK LRI E 20 min. A ARic S AR [FNEH] 2 MR £ BV IS
BoAkmt, FEANFEA 10 uL #4 Brilliant Stain Buffer Plus E A HT AR, 110 24 bRic SEmg 1)
A BV EBIE M FOEHUAD T 2 A, EPUATE ST 20 L 19 PBS H. AR 20 min J5,
PBE Jti% 2 ¥k, PBE H &4, 7 EHUANIET 10 min I 10 pL ) 7AAD. i =4 Mk Il
YFP Hric TRM A% 4 R R

1.3.6 Giit2#4ab#  GraphPad Prism ST SR TH22 04T, BAM (P2, Prs) 3R, A IE
A3 A /N RE A B REAS S B0 FL R ] Mann-Whitney U 656, P<0.05 N2 74 Giit &
X

2 4R

21 LRHAESWNBAPNRHEFRBLEELER  Rosa26R"™ /NI 5 Csflre /MR A2 TR/
BRI 12 H, f5/NR 7~14 KRB NEIEE, ARG UL R4 DNA, @ik PCR ¥ Hi%E
SE Sk, BRARMERER Ik T SR 8. 24 YFP BFAEA PCR 454154 600 bp (YFP-)
RKILY

PCR 474 340 bp. F Csf1rC 5|#j8t1T PCR, 4 RAGHLT 340 bp HIZkarit, /N RIEH A
Nwt, 44 340 bp A1 470 bp MIF AN AR, NEREERI RN Csfirc®, A Rosa26R"F 5] Pt
17 PCR, 5 HAAIT 600 bp 2k iy, /NEIEEFAL wt, 44 600 bp H1 320 bp M5
HE, NEREERZY N Rosa26RYFP. CsfLrC™ K Rosa26"™” i [K 7 % 46 UL 1A FIE 1B.
RGBT MR vk 45 R, 95N 20 3. 6. 10 MU/ RFEER AN CsfLrc™® Rosa26"™, Hix sk
NI E NSEIRH, g5 1. 5. 8 /N AR YA Rosa26" ™, 45y 4. 7. 12 BI/MVR

FLRAK Csf1rCe, ¥4 5 N 1. 4. 5. 7. 8. 12 XL/ NFRIZXE ANMIEA. 4589 M 11 19

FP ] PCR 477 320 bp (YFP+) , CsflrC™ PCR 4k~ 470 bp (Cre+) , Bf/EAY



ANERFER A Y A T A R wt,  FE AR AE TN

B 1 Csfirce/MNR5 Rosa26 "™ /NRARERIFAR/DNBR Csfirce ZH (A) K& Rosa26 Y™
#RE (B) PCR ISR SR
Fig.1 Csf1rc gene (A) and Rosa26 Y™ gene (B) PCR agarose gel results of the progeny
mice of Csf1r°™® mice mated with Rosa26 YFF mice

M: Marker, 1-12: Serial number of the experimental mouse.

2.2 FERE. BRE. FEUE. v B GH HRB B A R B A M AT B T e iRl
AW ARSI T 75 6 45 4L o 5 DA I R0 B B AR A RIE. YFP I . 56 1
A SRS FSC-A M1 SSC-A K[ 4ufI R 55 2 22, #R¥5 7TAAD, 8l 7TAAD HITE 4 iU,
2Bk TAAD FEANNL; 26 3 AUARHE SSC-A Rl SSC-H Z:FRaANMALIZE, Bl AL bl 5 R4
AR H L E R0 S S S A R T L B H AR . SR 2/ R Csfarcre
Ro0sa26" " 5%} i 2H CsfLrC™ /)y iR A1 Rosa26"™ /In B Hh - 2H 27 s 200 i % i i R L 0 B A% 441 i
O YFP FHPEAR ML B, It B AT GE it oo HAKRET SIS an 1 . JHE 0 2 i Dy
CD45'Ly6CF4/80"CD64" (P& 2A) 5 JEME A B I B g4 i A CD45*Ly6C CD11h""F4/80* (&
2B. 2C) ; i EWE4N A CD45*CD1lc*SiglecF* ([ 2D) 5 B % & ¥ k% 40 L M



Ly6G"CD11b*Ly6C*CD115" ([ 2E. 2F) .

2.3 YFP AR PR BFRE. FBRAE. FiR BRI E B R MR R KA
RO R IER G, BREARRE/N, TSI A Mann Whitney #5056, 45 R 80K,

S HEZEL /N BRUPR B S R B e A P B R I PR A A R A AR IE YFP,

{ELESZIR 2 Csf1rc™ Rosa26"™ /N, AP EWE4HAR (kupffer cells, KCs) (& 3A) . BfAF
Ergani (K 3B)  MAFERE4T (& 3C) Afiie ErEdni (B 3D) i YFP IRIAEH,
539919 92.45% (85.75%, 94.65%) . 91.10% (88.95%, 94.50%) . 93.25% (89.40%, 94.45%)
1 94.70% (92.80%, 95.45%) Ciff&4H n=6, SZi4H n=4,7=-2.882. -2.882. -2.882. -2.882,
¥ P=0.004) . FEEHEREZAM (KB 2E) SRS ZML (B 2F) f, S/ REk
YFP 433l 93.90% (92.80%, 95.20%) F198.20% (92.20%, 98.60%) (XfH&Z1 n=3, Szt
“H n=3, Z=-2.087. -2.087, ¥ P=0.037) . LiR&EHFE, FIH Csfirc® /i 51 YFP X

JRLIE B i R A LR B B B A A AR R



K 2 FFREE AL, MEERRAIM. BEERAE. MEEmai. &Rk
8 B A A M e X 2 A PR 1D SR
Fig.2 Gating strategies of flow cytometry for kupffer cells, spleen-resident

macrophages, kidney-resident macrophages, alveolar macrophages, bone marrow monocytes



and blood monocytes
A: Kupffer cells; B: Spleen-resident macrophages; C: Kidney-resident macrophages; D: Alveolar

macrophages; E: Bone marrow monocytes; F: Blood monocytes.

B 3YFP tricFIEERRS. MIFERA. FREERA. MaEm4f. FHEe
A2 2 P B L YR B 4 B R
Fig.3 YFP-labeled efficiency for kupffer cells, spleen-resident macrophages,
kidney-resident macrophages, alveolar macrophages, bone marrow monocytes and blood
monocytes
A: Kupffer cells; B: Spleen-resident macrophages; C: Kidney-resident macrophages; D: Alveolar
macrophages; E: Bone marrow monocytes; F: Blood monocytes; *P<0.05, **P<0.01 vs Csf1rc"

/Rosa26"F" group.

3 Wi

A E JEE VM (tissue-resident macrophage, TRM) & %0 % 2 o () = o PEREAR, W]
SEPUA SR R S AR TR . TRM AIRIEL T TR ThAE, 0wl i B AT [ml Ui L



LG R AT TR, R AT AL S350 5 (8 M S AN 1 B G PR Davies
et al VAW FE R 3 M40 55 15 S IR M SR VST A4 1) 2L 203 15 e 4 L ) 2 355 S5 AP
I 0 2 A AN P BRI — 4B, AR A I kupffer Z0RR. FRUDE ECREARMD . R UE
EmEgn e UL it E LA . TRM $R T 17— L8005 7 (0 AR B RE . TRM B &R B %4
PR IR 5T DR R AL LA 1) A K | o AN RG2S 280G (3 17 P 4 i s i),
e PR/ RS O — AP B 7T TRM BT EEALE R 9 A D T H .

Cre/loxP F2H R G 1A 70 5 T @ i A2 1 Cre/DNA AH FLAE AR 3 5 AR S £ 0L,
ARG AT USRS E 14 i 28 B B A 2428 1 o ik DR B e M B, 23 P T T A T 2
KA SR CsfLrere /N BUaT A 5k S B R (AR 100l ARt 7 il 4 CsfLrcr /s
f 15 Rosa26 YPP/NEAZHLD, IR T Csflr™ Rosa26 YFP ik LR/ R . szibah ik
B, ZARIEARIC AL X 2 B TRM P Kupffer 408, RIEEVEANAE. B B
SR WV A i DA R LT B B AR D R I s B RRGE 1 YFP RIA, ARid sk
Ik 90%LA 1o X — 45 FIESL T Csflrc™® Rosa26 Y™ /NRAE A7 TRM K H « RS 4ide &

ThRe i am R TR 2k

5P ) HoAth B W 4 i A3 T SR (4n Cx3cerl-Cre ., LysM-Cre, CD11b-Cre 1 Vav1-Cre)
FHEL, Csf1r®™ Rosa26 "7 /NERIEARICRACRE AR R R A B M. filln, Cx3crl-Cre
E i 5 200 AT AR UK 506 o b e B AR 1A, AR E AR I S LysM-Crre
(RIR R R AR g CD11b-Cre HURFSFIEEUR, W RIS bric 2 Fh e 40 a2, i Vavi-Cre
WRRIG R Tz, ShZ AU RN, M2 R, Csflrc™® Rosa26 "™ /N L AEWS it

PRiC AL AT TRM, J9BiF 78 TRM £ 20 SR AN G5 S B i i A 3R 3t 17 BB T S A 7

LYK R -1 4% (colony stimulating factor 1 receptor, CSF-1R) £y TRM & & il
YRRV SCHE TR 08, 7F BRI T RS TR I T R AE A% O YEF . Bencheikh L et al 8ff
WHFCUER T CSF-1R ZE YT A A% A Al /3 A 782 v S PR SRk P AR BN B A A P o AR it —
BIAE T CSF-1R 5 5 1E TRM iS4 M B ZME, JfE/R T Csf1re™ Rosa26 "™ /)N B 7E BT
7¢ CSF-1R W HLII A 98 77 ARKB T AT A %A RR AR CSF-1R {5 54 TRM K H
G4 K DR R BN, LSRR FLR A T SR

JE4 25 Csf1re™® Rosa26 7P i 15 3 [/ B K IR 20 TRM BT FLER 4 1 5 70 i L R
SR BERS R PR IC TRM RTRAZ AR, I8 AR SRR R BRI AE L AR . e L



Fiws AR R SR AR PRI B 1 B IR . AR SRBT S AT i — AU IZ Y, R LAE
LW 4 AR SR 16 7 AP A S T A

£ P
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