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0.01). &#: i CRISPR/Cas9 # R 1] BALB/c fh & fift A NOD ¥ 5t SIRPA 4, s sh # 2 %F A
CDAT 35 F1 77 15 0] B S 30 1) 77 e N 21 440 EL 5L 00 0 19 N 288 40 5 o 6 30036 1 /N RO A8
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knock-in mouse model based on clustered regularly interspaced short palindromic repeats (CRISPR)/
CRISPR-associated protein (Cas) 9 technology, and to provide the reference for the establishment of more
advanced humanized mouse models. Methods: Based on CRISPR/Cas9 technology, the NOD-background
SIRPA gene was knocked into the BALB/c mouse fertilized eggs, and homozygous mice with stable
genotypes (SIRPA-KI mice) were obtained through expansion and breeding for experiments; PCR primers
were designed, and mouse genotypes were identified by nucleic acid electrophoresis. The mice were
divided into C57BL/6 group, BALB/c group, and SIRPA-KI group according to their strains, and 3 mice
with similar ages were randomly selected from each group for experiments. Mature bone marrow-derived
macrophages were co-incubated with human CD47-Fc fusion protein, stained with Streptavidin PE/Cy7,
and the mean fluorescence intensity (MFI) of PE/Cy7 was detected by flow cytometry to compare the
ability of SIRPA in the mice from various groups to bind human CD47 Fc. Each mouse was intravenously
injected with 2>X10° carboxyfluorescein diacetate, succinimidyl ester (CFSE) -labeled human red blood
cells, and the phagocytosis of human red blood cells by macrophages in various groups was detected by in
vivo phagocytosis assay. One BALB/c mouse and one SIRPA-KI mouse were randomly selected to induce
mature bone marrow-derived macrophages, and the phagocytosis of human red blood cells by macrophages
Results: BLAB/c SIRPANP/NOP

homozygous mice were successfully obtained. The flow cytometry results showed that compared with

in various groups was detected by in wvitro phagocytosis assay.

C57BL/6 group, the MFI of the mice in BALB/c group was significantly increased (P<Z0.01) ; compared
with C57BL/6 group and BALB/c group, the MFI of the mice in SIRPA-KI group was significantly
increased (P<C0.01). The in vivo phagocytosis assay results showed that the macrophages in C57BL/6
group exhibited the fastest overall clearance rate of human red blood cells; at 6 h of macrophage
phagocytosis, compared with SIRPA-KI group, the residual percentage of the human red blood cells in
C57BL/6 group was significantly decreased (P<C0.01) and was closed to 0% ; compared with SIRPA-KI
group, the residual percentage of the human red blood cells in BALB/c group was significantly decreased
(P<C0.05). The in vitro phagocytosis assay results showed that the macrophages in BALB/c group
significantly phagocytosed the human red blood cells, with a high phagocytic index of 30.7% ; compared
with BALB/c group, the phagocytic index of the macrophages in SIRPA-KI group was significantly
decreased (P<C0.01).
affinity for human CD47 and significantly inhibited phagocytosis of human red blood cells by knocking the
NOD-background SIRPA gene into the BALB/c strain using CRISPR/Cas9 technology, providing a
superior human cell xenotransplantation efficiency.

KEYWORDS BALB/c mice; C57BL/6 mice;

interspaced short palindromic repeats/clustered regularly interspaced short palindromic repeats-associated

Conclusion: The study successfully constructs a mouse model with enhanced

Signal regulatory protein a; Clustered regularly

protein 9 technology
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A ol #8 9 SIRPA B R 2 & 1, i BALB/c
SIRPA IgV 25 B B8 6 35 i 45 A A2 CD47 ™, (1
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N HSC i ARAR, R E A7 76 9 0T Fi B ik 22 48
JiLEA > Y, BLEL A FH NOD % SIRPA i [H 5 4
C57BL/6 %I SIRPA 1 [F 1% 2| ) BRGS /MR, {H
K I NOD-Idd 13 57 15 0@ T K LA, kG 1 o4 A
BOREAR, H BALB/c/hEE C57/B6 /N BRAE S g%
e B 5T SN FHSE SR T Y Bk, W A
I BALB/c 1 §: %35 NOD %! SIRPA 3 K 4 7 ik
B /NERL, AT Ak B 3 22 6 AUk /N BB

A% % YR8 ) 8] PR g ] SC E E OF 41 (clustered
regularly interspaced
CRISPR) -CRISPRAI X (CRISPR associated
proteins, Cas) 945 Y 5E K 41 & 1 e 08 PR o A7 2%
Hi G AR LA, R RS TR TR
AHEFEHH CRISPR/ Cas9 3 [ 4 i £ A i BLAB/c
/NELAR TS NOD 15 5 SIRPA 3K () CD47 % 3¢ Al fig
PARE: LB o el ) O KRR AN L N
240 L RN A SRS R A T R B AR v, DT AL O R 1Y
T8 TN 28 48 S A RS AR Y /N BB

1 HBE5TE

1.1 2%FIH . ZTZ2XAPPNE ALKE
C57BL/6. BALB/c #l SIRPA-KI /B % & #1 3h

short palindromic repeats,

Yy 3207 SR, R 3% T3 PROR 2 N 28950 3 W) A
AR M 5 3R 5 TR SE IR % SE g sh by, SEe 3l
Y e A IE S . SCXK (75 ) 2019-0012, #2 Hd
(g s vr ] & B k) (LR sh 8 B2RB) (10
FHOE B HEAT 5288 . CellTrace CFSE 4 Jitg 1 4 i
F e 3 e EZEER G R B IR A R, HZH /N
Eiowe 4i il 4 % Al ¥ I+ (macrophagecolony
stimulating factor, M-CSF) i H 3% [# BioLegend 2%
A, mEA/NR TP E y (interferon-y, IFN-y) I H
% E R&D A A, iR £ B (lipopolysaccharide,
LPS) g A 2% Sigma /], AU CD47 & (1 A
FEFE YRR RA R, 40 R g B e
MR EFHLARA A, TAERS (S . MK-20)
W A pC N A g A BR A A, PCRAY (A5 .
T100TMThermal Cycler) FI&EER G R G (H45 .
ChemiDocTM XRS+) 1 H %[ Bio-Rad A H], 4
ik 2 a4 (5. BD FACSCanto™ I1 1
BD FACSCelesta™) 1§ H 3 E BD/A# .
1.2 SREAME ZHFELAD L EH DR
SIRPA %[ 4 17] 5 RNA (guide RNA, gRNA) |
A “NOD_ShiLu §h &R A+ 2- &+ 2-4h ik
F 37 &R IR S Cas) mRNA I [F] 73 4 2
BALB/c/NEZ GO, 7 A B8 1) 2% A0 LA 19 1
o WK 1M 2, @it PCR¥EYLE FOR Y, i
SnapGen Bk A FE K 751 (1 3), 8 H 5 B A4 7Y
(wild type, WT) /NEZ3C, MNAF &R AL AR 4=
BAERESENBFLIRIY, a8 FLAHE/NR
5 WT/NRASH, 1558 FE Ak IR i F2 A8 FH
PEANER, 7E F2ACBHME/NEU AT & B9 %, (A
F3 /N R T 525
1.3 (20K EAHARPCR3IH&H+H WT
B KR 544 bp, 4N 4R TS R R
(mutation, Mut) 557 3 H K &k 460 bp, fifi JH
NCBI Primer-BLAST 5| #) it T H, # it Mut %
P FERAIE RS9 4 (forward primer 4, F4) FlJ2 7]
519 3 (reverse primer 3, R3), BIMU-F4/MU-R3;
WT S 5K 514 WT-F4/WT-R6.
PCREI¥FH N : WT/MU-F4, 5-AGGGC-
TTGGGCACTCTACTATG-3'; WT-R6, 5-TAT-
TTCTGTGTCAGGCTCTGATG-3; MU-R3, 5-
ACGGATGGAAAAGTCCAAGTTAC-3'. 31 ¥
e E I E 4,

1.4 BREBAFEIALRAE FPWHOREN,
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Legend

Exon of mouse UTR of mouse Z Exon of mouse . Synonymous
Sirpa (BALB/c) Sirpa (BALB/c) 7 Sirpa (NOD_ShiLtJ) mutations

N

=Homology arm I

mmm KO region === KI region

A1 ENmERESEE

Fig. 1 Schematic diagram of gene editing strategy

gRNA1 (matching reverse strand of gene): 5~ACTTCTGTCCCCGTGGCTCCTGG-3'
gRNA2 (matching forward strand of gene) : 5-CTCCATGGATGTTAATTCTAAGG-3'
gRNA3 (matching reverse strand of gene) : 5-CTTCTGTCCCCGTGGCTCCTGGG-3'
gRNA4 (matching reverse strand of gene): 5-GACCTTAGAATTAACATCCATGG-3'

El 2 UEHg SIRPA K IE K 848 gRNA F3

Fig. 2 gRNA sequences matching positive and negative strands of SIRPA gene

Knock-in

/

5'- ATCCCTTAAGGTTAGTCATGGCTGCCATCTTTCTTCCCAGGAGCAACGAGGACAGAAGTG
AAGGTGATTCAGCCTGAGAACCTCTTCGTGGGATTGCTAACCTGTCTAACTTCATCCGAG
GTAGATGTCCTTGACTTCTAGCCCAAGTTCACAGCAGCCA-3'

B3 FORIYEREFF

Fig. 3 FO generation animal gene sequences

Wildtype allele

Mutation allele F4 R3

NN *
N #

Legend

Exon of mouse UTR of mouse 7  Exon of mouse Synonymous

—Homology arm I ) N %
Sirpa (BALB/c) Sirpa (BALB/c) 7 Sirpa (NOD_ShiLtJ) mutations

mmm KO region == Kl region

B4 PCRIMEEMEREE
Fig. 4 Schematic diagram of PCR primer binding positions
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it FEAR T B9 AR /N RO 4T BS54 il /D B
G, WHUREARL 3 mm, AIA S0 pL AW CF
0.039 9 g NaOH 1 0. 023 4 g EDTA % A 40 mL 4
K, R /NREBRETE ARMKN, BT T
fH IR A5, 100 “ChHn# 30 min, ¥ H1Jg hn A S5 (R FR
B (0.252 2 g Tris-HCI¥A A 40 mL 4k ) 315
/N BRI PR L)

WT I Mut % {ii 3% [H PCR JZ W /& & : 2 pL
5XPrimeSTAR Buffer, 0.8 pl. ANTP Mixture,
0.5ul WT-F3I#, 0.5ul WT-R5| %, 0.2 pL
PrimeSTAR GXL DNA Polymerase, 3.5 pL
ddH,O, 2.5 pL/NRIEHE ALY . 519 7 51 [F
“1.37 . WT SR FE R iy i S BB 1. 94 °C
3min; 94 °C. 30s, 60°C, 30s, 65°C., 25s,
65°C. 10 min, 4 °C, 33 B . Mut 557 3 KN %
N EE M IR 2. 94 °C. 3 min; 94 °C. 30 s,
60°C. 35s, 72°C. 35s, 72°C. 5min, 4°C, 354
TEIA
1.5 BEBEexEZNAEREY (fHTAEZ i
WL BB RN D A IR Y 7R (X 10 000) L il
B BN 196 BENR WA TR B I . RS MRS IR T TR &)
9l PCR™=#15 1 ulL 10X Loading Buffer, & [ ##
O 10 pL, A BE RS AL N, I 8 DNA
Marker fL 2 B, LKA & 120 V. 30 min, %53
Ji SR FHBE IS AR R G AT WSS, 254 SE K B R/
Il Marker 2% 77 4 Wi 56 PR RS . Mut %5 037 36 R A8 51
Y MU-F4/MU-R3 #4717 PCR K2, #5 B 4% )
A Mut B K5 WT S5 A7 5 B 51 % WT-F4/
WT-R6#17 PCR I, # B4 W& A WT %
PR, RZMAEH ., 454 241 PCR W 1 16 45
S, B AT LUR € S i BARFE R RS WT /2% 45 R/
ai &5, ¥ SIRPA W/W 2 AA | ¥ SIRPA W/
W' ig h Aa, ¥ SIRPA NOD/NOD " it 4 aa.
1.6 MREFHMEALADBGRR LALFFFHNL

/N BROSIUAE B Yk AR E L 8 R A B WU R
75% L BER L 2 min, B E BE B R AL 22 vp R
(phosphate buffer saline, PBS) i 100 pm Cell
Strainer 41 g i 3 B o £ 15 mL B O &
1650r*min ', 4 CE.L>5min, F L7, 1 mL&LT
W 4°C. 5min, 9mL PBSZ Mgk, & L,
e LR U BE A0 & 15% Ie 4= s . 1% 15 -
W R, 1% L-G, 20 pg-L ' M-CSF iy DMEM %¢
I FREE R, IR IR ML 3X 107> 241 Ml 1) %% 2

R T AS LA M B A b v, BT 37 Cll i B SR AR
iEEIR, e 1d, TRIFRAd S m R AR
FWALW, 6 dTHF&15% MHF M. 1% & -5
#HE . 1% L-G. 100 pg-L ' LPS Il 20 pg-L "
IFN-y B DMEM ¢ &= K5 F52 3, 8 d J5 Al WL 4% 21 B g
g0 fE S M1 RS, AR R KRG, R R 4
K, ATET RS .

1.7 #ZX@mie R &40 8 SIRPA A B &4
CD47 #& A & M/ B ol & 23 i C57BL/6 A |
BALB/c 4l f1 SIRPA-KI4] ., 4145 57fL, 14-4L
A B B W 20 S Jn LAl AR Ol A8 LRI, 1AL
WA Streptavidin PE/Cy7 £ S %+ B8 DL HE 5 AF 45
SrE gL s, B3 A/ BUE U5 S 0 R B A
ML, FEEEgR AL, PBS S opi vhvk, ®IECAH M TR
XLEHF, 2000 r-min', 4°C, 5min, 5 I/ H
100 pL, Jm A 0.25 pg CDA47 fusion, Biotin-labeled
(Human) HiP™ Recombinant, ¥ F 37 C¥; 3% 48
B L2 30 min. K i PBS 2% Ml A i U
2000 r-min ', 4°C. 5 min e KL S 1) CDAT fl
A H, Streptavidin PE/Cy7 4 {4, 4 °C. 30 min,
KR AR, Flowlo ¥ 4F 50 M PE/Cy7 %
¥t F  (mean fluorescence intensity, MFI),
LI MFI{E 18 % 4 41/ Bl SIRPA 3 ] 45 & CD47
figti.

1.8 KAASZEZRAMNZA N ERBIEAALE
WAL A oL B I AT/ B A 200 pLl
JIA 5 mL PBS Z #hifi, 4°C. 3500 r-min ' & L
5min, FF bW AR A 0 Z0 40 A BALB/c /N B
M VLTE, 1 mL PBS 2 i & & T80, %M
S5mLARZR, & 1X10"LZ0 M A 25 pl R I 5
ot = W R R 3E B ME W M R (carboxyfluorescein
CFSE) % fa , I
C57BL/6, BALB/c fil SIRPA-KI/N 46 3 1, 4
HUNRUR 8 Ik 58 © AR i2 CFSE (19 2 X 104> A
MET 20, 55 H3 2 BALB/c/NRAE XTI,
ik 3 55 AR CFSE 1Y 2 X 10°4 BALB/c /)N L4141
Mo DATEST S 5 min & 2] 49 55 ¢ CFSE 2140 i &
FFTANERAR LA B, BRI, 2, 4,
6 1 18 htxic CFSE 2L 41 fg el x5, LAVE S /5 5 min
UNAR: ) RS R (B RN RN DN R R E AN S
i, PR AR E R, AR/ RE v
TR EWENE B o /N BUR P9 20 20 i 380 4 B 4 R =/
RN N4 O P G A BN R N D NEA ]

diacetate succinimidyl ester,
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HEAEE (1) X100%,

1.9 kst B E BN 44 K E 4 ikt 5
WAL mAE L BRAELIRIL “1.87, RIS AN
ZLANML, FHR 500 pL YAk R, B 10° A JBF I 21
Y ffLm A 20 pL. CFSE Z% €8, 15 min, i A 21 4 Ji 4
CFSE#ric. 52843 4 BALB/c 41 #1 SIRPA-KI 4 .
4y BB BALB/c #il SIRPA-KI /b B E % S 10 & 86
Fi Ik 20 B 4% 5 1L, F 48 1L 41 M 5 55 % 35 3L,
PBS Z vl vh ik, BEALWEE 1X10"4 CFSE #3711y
SLAIML, 37°C. 2h, WMESARGUIFHG, R
Frige2r2n i, SR T 04t , 2000 remin ',
4 °CE.0 5 min, 3 38 100 pL, % Mouse F4/
80 APC, 4 °C. 30 min, & ¥t =X 240 M {4 I,
FlowlJo {53 B CFSE PHAE R JI Ry w4 5, 1R 3%

1 2 3 4 5 6 7 M bp

544

A

/)N BRI I 4 A 471 e N1 240 TR 45

1.10 %# %4 # KA GraphPad prism 10 4 it
RAOFAT G #0004/ RE G MFT, A
ST MO A A S R A AR BT IES M, U
xts TR, L ALIAREAR BB H R BRI Ry 22 5%
B, 2 TE) A A 34 550 PR L 3ok H SNK-g K 55 . LA
P<<0.05 A G R L.

2 & R

2.1 PRABREZ WT Z07 3K/ AR &
i HT Mut 8507 35 /N BROBE PR 254 LI 50 /R 1~4
FMEVENEL, 5~T MR /N R PR AR S e 2 B
m: N 2HNA R Aa, RN aa, R MLES
Mut/) BRI AT 4k 22 KB H IR T R 5 25050 .

bp

5000
3000
2000
1500

1000
750
500
460

250
100

B

M: Marker; Lane 1—4: Female mice; Lane 5—7: Male mice.

B 5 WT(A)F Mut(B )% fr 5 H bk &
Fig. 5 Electrophoregrams of WT(A) and Mut(B) allele genes

2.2 BMADRSIRPALRALASACDATR S 4
XL AR R e . 5 C57TBL/6 41 4K,
BALB/c 21 #1 SIRPA-KI 41 /) i MFI 8] & F &5
(P<<0.01); 5 BALB/c4ltb#, SIRPA-KIZ /)
BMFIHA 8 T (P<<0.01) ., #7 C57BL/6 20 /)
FUSIRPA S Xt N CDA7 T45 /2641, BALB/c
Fi 5 M 2 8 SIRPA 3K 5 A CD47 H A7 45 7K
FMF1, SIRPA-KI/N R SIRPA 3£ [H 5 A CD47 #
R A SR F ), B SIRPA [ )5 4 4
) SIRPA-KI /N iR 45 & A CD47 fig J1 W W 42 5 .
VL6 F17 .

2.3 BANRERMOAKASKERL C57BL/64
ZIN BRI 200 R AR 37 o N0 40 M SR A B . I

Jil A7 W 6 hitf, 5 SIRPA-KIZH (16.00% £2.65%)
Fed, CS57BL/6 4/ BUAR N N L1 40 Jfa 3 4 A 4 %
(2.67%+2.52%) M W FEAL (P<<0.01), Hi#Eik
0%, NZL4ife JL-F & &89 & mE, 78 C57BL/6
/N BRI I 4 ket A 20 40 B B A, H SIRPA 3%
W5 NCDAT KRB/, BEWEARAEShE, 5
SIRPA-KI 4 H %, BALB/c 2H /)y BAK PN 21 40 i
T4 7% (8.67% +3.22% ) W i F#{% (P<<0. 05) ;
5 C57BL/6 4 b4, BALB/c /N BRI A LT 40
FRASREERSTRITFE L (P>0.05), #&
BALB/c /)y B E W 4 B 5 A w20 48 i,
SIRPA B [H 5 N CDAT 35 18R . B I 200 it 7 i
6 his), SIRPA-KIZL /N B 9N 20 48 i 75 A %60 4
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Fig. 6  Affinities of STRPA gene binding with CD47 of

mice in various groups
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Binding to human CD47-Fc protein (MFI)
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"P<C0.01 vs C57BL/6 group;”P<0.001 vs BALB/c group.
B7 FHDRSIRPAEE S A CD4TZ4E MFI
Fig. 7 MFI of SIRPA gene binding with human CD47

of mice in various groups
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Fig. 8 Remaining percentages of human red blood cells of mice in various groups after injected for different time
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Fig. 9 Indexes of engulfing of macrophages of mice in various groups in vivio
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