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L1.1 %%zhdy 5 NBLRAEY R R 5T
ARG IR 3] IL-9R %5751 ( coding DNA se-
quence , CDS) % i 17> 1) k[R5 AL /N B, A 7= V8 ]
JE5 : SCXK () 2024-0070, 55 55 2 ) 1) 5% T B
BB R 2 R 2 BRAIF 58 it SPF 20804 s , 12 #L o A
HEHES N PZ-2024-055

1.1.2 &M B LH&E& CO, i FEHA (K5, p-
90A) Wy B bR A FRA 75 508 = R 5
#5538, ;2 [ ( polymerase chain reaction, PCR) {¥ ( %I
5 T20) Wy [ AT M LB 22 A8 AT FR 2 7] 5 Z2 2 e
IR KA (L5 HE-120) 1 3 F# R RERHECA IR
3] s PCR 4G4 7 b A0 2R 2B A B 27 7 A R
237 3 Tanon 1600 Z 51 4x [ S EERE 18115 70 Hr R 51
H il RAERHCA R A A

1.1.3 &% [&{K NaOH pH 8.0 Tris-HCI
B ARt FZ R E RO IR A R 5 pH 8.0 £ Py
Z.1% ( ethylenediaminetetraacetic acid, EDTA) ¥ ¥ .
HE BRI B EE S RAEYEARARS
FlPCR 510 A A T A TR Al R g
#} .100 bp DNA maker.2 x HotStrat Taqg PCR Master
Mix 50 x Tris-Z, f8-EDTA 2% #fii#% ( Tris-acetate-ED-
TA buffer, TAE ) Iy F Jb 5t #0178 56 5 AR A PR 2
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A SRR B TN BEE A R A IR DT 7 5 9
1% £h 5% W ( phosphate buffered saline, PBS) . = %%
PR L & 4L P Bd 2% v M ( Tris buffered saline tween,
TBST) Wy [ L 38 J5 55 A= Wy Befn A7 BR 23 7 5 B-ac-
tin FUAR I B 26 E Affinity 23 7 ; Anti-ILOR HTiKI B
Yl Abcam 23 H] 3 AR ik ST P A 5K S 7 LU AR 5T
Yo oG B A 41 ) 86 £ BBk 2 A LU 2470/ B TgG
W 8 = A ARG R AW

1.2 7k

1.2.1 IL9R CDS AW AR NRKME RH
CRISPR/ Cas9 J [H 41 Zt 5 £ A, /)N BRUVE G 1 48
( embryonic stem cell,ESC) f{) il-9r ] exon 2 =7 F B
Braie AR TR IL-9R , [R] DR B exon2 Hif T {5
JKAN exon? Ji5 18 )5 RELE AL 5, IS4 TL-9R CDS
JEPR RGN ESC e, B UG IR IR A , 22 B B
A R Al G NI/ N

1.2.2 PCR %% IL-9R CDS A H AR DR BT
BUE /MR 0.5 em, B FJC DNA {55449 1.5 ml
EP B JF BT, 453 EP A 50 pl SBR[ &
25 mmol/L NaOH 0.2 mmol/L EDTA (pH =8.0) ]
IR BUR AR R4 & 1A H 100 °C 160 min 5
2. FFRBRM G, MA 50 pl [4 mmol/L
Tris-HCI (pH =8.0) JZ& i % EP & A pH A, T
WiEsE G ar ERGIF IR RS 3 000 v/
min B0 5 min, W EVE R R EP B RN
DNA FiE, 2B PCR 20 R - DNA B4R 2l iE
S5 494 1 wl(10 pmol/L) .2 x HotStrat Taq PCR
Master Mix 12.5 wl, B F/KHEFFE 25 ul, Z2H W
e sp ik 0] & SR Y R LR Y i — 2B T 8 cDNA,
SKI3KLWT 5[ #)75 UL e 1. BOiSHHEE i i vk X
1.2 g BUIRKHA T 60 ml 1 x TAE Z2ofigi v, sl
53 WH BB EEY, FE R A 10 ul
BRRGORL (B AR ELBE [ 5 15 2 S e i BE g . X 10

wl PCR #1472 & 5 wl DNA Marker #£17Hi 7k ,120
V .30 min, | Tanon 1600 Z %14 [ zh#E e B4 500

ARG W UG IR
1.2.3 JRAZER DRI IES QT

Jo S0/ BULIE | e B i s IR, 445 /) B AR R
R A MR, B T e R AT A SR T
LY LR JUUE T (00452 A J 5 B T B ] e L, Y B
J153 B R Ah 4 ZH 2, IO AU 5 /s UM & R 7 57
PARAN i 0) ol S AN S RN )3 VAR R i TN =
Jei 75, FHBY J1 40 85 1 i 445 2 2L 280 B0 g g 5 1 /)
BT BB K, P A2 B AE Pt R S 32 e Ak B B, 2%
R MR e S IR G 5 fufF FH 5 70 B - KRR BT
Ay 8 58 DX 3 P g R AR ATL AT, 7 o P 79 0 2
B AT I, LA 2% 5 Jii 508 %) s, S LS il R 5 2% i
JEIS K I ) R, S B P, R B 89 5
Jil FEL 45 4 AH 2RI IALAE , BCEE JHE I o

1.2.4 Western blot 40| ILOR &5 #1.2.4I0
B B i H LB BT E T 1.5 ml EP & 42
BHASED, #TREROEE. B, R
10% SDS-PAGE Hijik , 5% % PVDF Jii TBST ¥ fit
5% MR WIK 2 il B 2 b, iIn A IL-9R —Hi (1 = 1
000) ,4 C MEE A, W H FH TBST % 3 Ik, K 8
min, AR B4/ TgG (1210 000) , 2 3 %
BRMERF 2 h, TBST ¥ 3 ¥k, 437k 7 min, PBS ¥ 10
min, A62E KOG AT AT B, R R B3
1.3 %it=43E X GraphPad Prism 8 %% {4
P o3BT ORI + drifE 22 3R A IE] e
BEORMMSTREA ¢ K256, DA P <0.05 JZERA 5T

2 HR

2.1 ILYR CDS EFEANBEH/NMNERHEERERELE
E K CRISPR/ Cas9 5t H 41 2 8 5 A B/ R

®1 ARERBEESIYFT

Tab.1 Primer sequences for cell genotype identification

Objective Primer names Primer sequences Length of gene fragment(bp)

5KI identification IL9-5KI-F2 CTTCAAGGACCAGTAAGTATTCATTCAGT 2553
IL9-5KI-R2 GCAGGGCAGTCACCAGTAAATGA

3KI identification 11.9-3KI-puro-F1 CGCAGCAACAGATGGAAGGC 2 340
1L9-3KI-R1 CACATCCCTTGGTAGGTGTCAGGC
ATX-BSD-F1 GTATCGTCGCGATCGGAAATGAGAAC 2229
IL9-3KI-R1 CACATCCCTTGGTAGGTGTCAGGC

WT identification [L9-mWT-F2 GGGTCTGTCTGGTCAAATCCTCTCC 1 805

I19-mWT-R2

GGCACACTTGTTCCTGATGGTAGC
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Fig.1 Schematic diagram of gene editing strategies
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Fig.2 Schematic diagram of the final plasmid construction map

ESC il-9r 3£ H 1 exon (E)2-E7 F B &4 Jy 40 i A
U IL-9R FEPH E2-E7 8 5r . SR M LI 1. &
SR EEFT SR Bk, 5 2448 001-Donor-DTA -condition-
puro-pB-eset-down ,002-Donor-DTA-condition-pB-eset-
BD i Smal + Hind [ E§Y]4E A 3 arm; EcoRI + Mlul
BEFOIA A S arm ; Mlul BEDJHE A KT, #4245 34T 48 5
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EHBE I LKA B e B D) 45 2R (18] 3) , BV ) Bt
A4 &4, 00E 6 134 .3 613 1 544 908 bp 4t
BEIRE M UK 25 R ) W g 5 GLL B2 5k i V) )5 7R
6 134.3 613 .1 544 908 bp AbFE7E 517 , [F) I
SRIGH T $R AR  Y & ESC, A B IL-9R CDS
FER AL/ N ESC, % 5% Y4 J5 1 ESC 25 I 13
NEEEERS LUK R 30 THE AR QR . R SKI
SIS E YT ) 2 553 bp A JF HR AT PURO-
KI5 | P48 415t 2 340 bp 2577 19 240 L 24T
P SR WT 5| ) %€ 44 1 1 805 bp A% A4
MR RERENATHE . 4n&l 4 fros, Al B1.C1 D1 B2,
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Fig.3 Plasmid restriction enzyme digestion

gel electrophoresis image
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Fig.4 Cell identification results
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Fig.5 Fragment deletion-based cell identification results
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Fig. 6 Mouse gene identification results
A Spleen tissue B Thymus tissue C Brain Lung Liver
IL—9R CDS 1L—9R CDS IL-9R CDS IL-9R CDS IL-9R CDS
WT humanized ku WT humanized ku WT ¢ WTi ¢ WT humanized  ku
IL-9R 57 IL-9R 57 IL-9R 57
B-actin 43 B-actin 43 B-actin 43
600 * 200 - 40 - O WT
ok IL-9R CDS humanized
=] g 150 - 30F
.S B S
§ 400 g g *
= & 100 £20F %
(5} o 5]
2 Z >
— ~ N
5 200 - k R
2 2 50 ~ 10 F
—_
0 0 0 - -
WT Humanized WT Humanized Brain Lung Liver

7 WT/NRF IL -9R CDS EFE NREL/NREARE AR F IL-IR HFREER(n=3)
Fig.7 The expression of IL-9YR in different tissues of WT mice and humanized IL-9R CDS gene mice(n =3)
A The difference in IL-9R expression in the spleen between WT mice and mice with humanized IL-9R CDS gene is statistically significant, ¢ =
3.952; B: The difference in IL-9R expression in the thymus between WT mice and mice with humanized /L-9R CDS gene is highly statistically signifi-
cant, t =49.04; C; Comparison of IL-9R expression in the brain, lung, and liver tissues between WT mice and IL-9R CDS humanized gene mice;

Revealed t-values of 44. 406, 33. 061, and 12. 923 for the brain, lung, and liver, *P <0.05," *** P <0.000 1 vs WT mice.

PR PO ARG , R A i e ) U A AR IR 20 B 2 553.2 439 bp (/NN TL-9R CDS JE K AP AL /)
AR, R4 NBfk /. PCR Mg R BU(EI6) . Htbal I, %5 1.2.3.4.7.8.9.10,11,
7, R WT 5175 Y8 1 805 Z&4iF i/ 14 /N E BIPRE /N SR il-9r JEPI Y exon 2 -7
SRS P RO B AR T SR AL B 51 S el 973 BR, PR B exon2 T IHT 9055 KA exon? J THT 19 2515
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gl Ik, [R) B IRV 4 AN IL-9R FEH ) exon 2 -7,
AT IL-9R NIFEALAS /N

2.2 ILIR FE/NBRAARHFRIE HiE—DHIA
/NELUTL-OR 25 ANEAL, 1 Western blot 52 46 )
TL-OR 2 [ 7 L0 | e e L A i 600 I o i) 2R3
GERFEW, 5 WT /NRAHLL, IL-9R CDS H:[H AL
JINBRUAE JLE 6 s AR JEE A [ 4 2 e U T
OR Wk, i T LA IL-9R CDS AJfbali &
ANERA R . WL T

3 itig

FE PR TE A/ R — o3 2 2 A2 PR s ] 0 i
BT T 7N SRR DR 48 Ry A 2 NS 3T - B T il
H SR B, X S /)N BRE TR A A UL G e N 2K 92 g et
ARSI BRI AE AL 5 e s 2
AT Z BRI AR S R A CRISPR/ Cas9 2
I G B B B /N il-9r FE Y exon 2 -7 &
B, PR exon2 ij T 1415 5 BKF exon7 Ji5 17 1) 155
g, [ B 57 3 AN IL-9R JE R 1) exon 2 -7,
RIG IL-9R NEALAA /N, Sk TL-9R JER Dy RE A A
FERRAL [ SIS B AR A

FEE X ILOR (AT IR A, HAE S U/ 7 H i
VE 218 i i ABIFSE , IL-OR D3] & 45 i 7 77 =0 AR
#E TH g e K S — 80 Sk B 5 %
92 P A A A RS A v TL-OR il = FEAIX T TH 17 2
i A0 2 R 5 ™ B A L TL-OR 3wl L i
STAT3 il STATS {HALAEHE Treg ANAIAFTS , M i 7 14
SRR P35 Treg 40 A SO RIE R o fEid
o O A, ILOR [RIAE + 4 2, 0 W IL-9R 1y
CD4 T A j{fu st B8 AE 0 2, BRI = o i e 1)
PRGH SN, 7 W Wi A5 780 rp BELIBT IL-OR B M\ T 4t i rp
B IL-9R WT LAt 28 968 42 /<3 AR A A IE 25
PES . ARSI RA B3 ILOR £k LRSI
PR IEA S i CATA FI CIA #E703iE BH
THL ILOR AT PR TR, Mz X
Lo B ILOR FE45 PR i nl e BAT Z 0 )
SEvEbE R, MO TL-9R KL A VB AL /N LR 784
) B TL-9R (4055 BEAE A AL B R 4 J5 AH 56 /N3 741
R P9 2GR AN SE 50 B T

ARS8 )% ] CRISPR/ Cas9 25 R 2 4 4 4 AR i
Uikt g T IL-9R CDS FEH A WAL /N R s i 7, R
YT CDS KR FUG A 7 4 DX RS e, TG 1 7 o
& T UTR %53 4 i [X Jal,, #5780 1] 6 0 12 58 AR
U ILOR (3238, H D SEBR e B 45 SRR A, /N

ZRLUP ST ILOR 133k, SC50 R FH mAL
] A A BB P UK AR, XD B R AT 3 P
S8 RS MERA M , R T S B BN RAIE T /1 B
P ILOR 3RiL. IL-9R CDS P A AL/ B
A G IR/ IN AR R N 280 Se g e 3t T
AR SRR SRR, B AR S R AT T 2 A Bl
TEH
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Construction and verification of humanized mouse model

of IL-9R CDS gene

Liu Chong, Zhou Yuanyuan, Xue Hui, Xue Zimeng, Chen Weile, Tu Jiajie
( College of Pharmaceutical Sciences, Anhui Medical University, Hefei 230032)

Abstract Objective To construct a humanized mouse model of the interleukin-9 receptor (IL-9R) coding DNA
sequence (CDS) gene and to verify the genotype and IL-9R expression in mice. Methods The CRISPR/Cas9 ge-
nome editing technology was used to replace the exon 2 —7 fragment of the il-9r gene in mouse embryonic stem cells
with the corresponding human IL-9R sequence. After verifying the completion of the gene fragment replacement,
tetraploid embryos were constructed and microinjected back into the oviducts of surrogate mice. Through surrogacy
by female mice, homozygous humanized mice were obtained. DNA was extracted from the homozygous humanized
mice IL-9R CDS gene, and their genotypes were identified by agarose gel electrophoresis after PCR amplification.
Western blot was used to detect the expression of IL-9R in the spleen and thymus of homozygous humanized mice
with either wild-type ( WT) or IL-9R gene humanization. Results Gel electrophoresis after PCR amplification
showed that mice with only a 1 805 bp band amplified using WT primers were wild-type, while mice with 2 553 bp
and 2 340 bp bands amplified using SKI and 3KI primers, respectively, were homozygous humanized mice with IL-
9R CDS gene. Western blot results indicated that the tissues of homozygous humanized mice model with IL-9R CDS
gene expressed IL-9R significantly. Conclusion The humanized mouse model with IL-9R CDS gene has been suc-
cessfully constructed and characterized.

Key words gene humanization; IL-9R; CRISPR/Cas9; PCR; Western blot
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