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IL-9R CDS JE A AL/ BB Fy e 5 55 0k

PURNE-SVE 171 i I

’ E’_‘ifsﬁﬁ ’ Iz/ifgﬁ/ N %1%2'&

(B EHMKRFHFHFFR, S/ 230032)

WE B WERAMN R 9 ZARULIR) i)y 51 (CDS) £ N JAL /BB, B0 Uk /N BE N BUA IL-9R ik, 7 ik
K I CRISPR/ Cas9 H& N 41 2 SHEA K/ BURIG T4 il - 9r JEPI Y exon 2 =7 Fr BOB N AR AU IL-9R . Bl HHEEI

VKB BRUESE P BOR 58 UG A DA IR , I e AR S ik (el B A2 B B4 p, 22

AR, oA ali A N AL/

o RHCIL-9R CDS JEPI N JALAL /N DNA, 2858 PCR 473 )5 BRI BIEE IS L Uk 4 1 HAE I Y, Western blot Kl IL-9R JE [N
NBEARLE S /N U IE S MR rp i) IL-OR K3k . 858 PCR P15 BERC AL IR EE R B 2RI WT 51 4 %5 A3 1 1 805 bp
ZRAF /N B DR R O P AR TR SR T SKTL3KT 5 | W 4 e 4 49 1 2 553 .2 340 bp Z%4F 197N, Bl IL-9R CDS EHAPRAL 45 /)N

Fi ; Western blot 28

/N

SR, IL-9R CDS SEF AR LAl &/ NRI LR FRIK IL-9R, S5 RN E RIS E IL-9R CDS 3L AL

KW JERAIRAL; A A R 9 5244 ; CRISPRY Cas9 5 54 Al 0S5 Gy B

mESES R593.22
XEERERL A XEHS 1000 - 1492(2025)06 — 1015 - 07
doi: 10. 19405/j. enki. issn1000 — 1492. 2025. 06. 006

NEHEAMAZE 9 Z /K (interleukin-9 receptor,
IL-9R) BERIAL T X FY Gt (A (i B i et A DIl
WAL ST 3 W L I 5 e 1 % JE A . IL-9R
I ye AL TS AR KR — D, B — AR S
o B (IL-9Ra) Fil—4% v SR A, TL-9 5 Z (kK IL-
IR 454 )5 , T & JAKL (JAK3 HH HBERR AL , ¥ 1 fie
i STAT #5 R4k, JE B STAT1-STAT3 i — B4,
STATI [R]85 — K1 STATS [6] 5 — AR I 3 A 40
W, I8 Bl — RPVAH GBI B s 30k, RAFAR I Y
AR IL-9R FEEAEE KA AL B 40
JH 516 TR P A LA 00 R 3 ot AH A B AR Gs . BF
51O W IL-9R FEM A | 11 B S e VE A B 4 T
PR 437 493 55 22 T i 1) fi 92 3 58 vh 4 E AR
o WRELRTIBTE T R/ B CIA FiI CAIA 5
RI BT IL-O 5 HAZ AR 19 25 4 fe Wik 35 08 % /N BROAR
FERBL, HHAE T IL-9 7E/NEROETT R AR RAE
Mo B, g IL-9R CDS JE R IR AL/ B i —
AT IL-9R (s BRAE RO BAR N 2580F th A
UL,

2025 -04 -24 Ik
FEGIH LR RS I ARG H (45 :2022AH020052)
EERIA X 55,95 LA ;

WAL, B, BIHUR, WA W, 5@ (5 VE ¥, E-mail : ujiajie

@ ahmu. edu. cn

1 #B5HE

1.1 SEIeHH#

L1.1 %%zhsn 5 NILRAEY R BRI
A ARG E] IL-9R 4t 751 ( coding DNA se-
quence , CDS) % i J7> 1) ik (RN IR AL /N B, A 7= V8 7]
UE5 : SCXK (#.) 20240070, 55 55 5 ) 1) 5% T B
BRI R 2 BEBIF 5 i SPF 24804 s , 12 B 4
iS5 : PZ-2024-055

1.1.2 2ZMEL5&xEL CO, HiFr4H (=, P-
90A) Iy B iR A PR 15 56 2 R
#5352 I ( polymerase chain reaction, PCR) {¥ ( %
5 T20) Wy B UM B LR 22 RS AT FR A 7] 5 Z2 2 e
K- kA (A5 HE-120) 1 3 F# R RERHECA IR
3] s PCR 4 B4 3 F A0 2R 2B A B8 2% 7 i A FR
237 3 Tanon 1600 514 [ shEERE 1115 73 Hr R 52 1
B EEERERHARA T,

1.1.3  £%XA [E{K NaOH pH 8.0 Tris-HCI %
W A AL R FERHA R 7] 5 pH 8.0 Z e Y
2% ( ethylenediaminetetraacetic acid, EDTA) ¥& ¥ .
HE BRI B RS RAEYEARARS
Al PCR 510 B A T A TR Al R G
¥} .100 bp DNA maker.2 x HotStrat Taq PCR Master
Mix 50 x Tris-Z, f8-EDTA 2% #fi3#% ( Tris-acetate-ED-
TA buffer, TAE ) W4 5 4t 5% 1# 03 78 JE R AR A BR A
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A SRR B T N FEE A U R A IR A A 5
1z £ 2% v i ( phosphate buffered saline, PBS) | =%%
A 35t & 35 P 2 22 vh % ((Tris buffered saline tween,
TBST) Wy {38 95 55 A= Wy BB e dn A7 FR 22 7] 5 B-ac-
tin PRI B 2 [E Affinity 23 5] ; Anti-IL9R &4 B
YE[E Abcam 23 ] 5 UG S8 A ot I 3 R L =47t
B TG B A S 1 ) 86 183 30K AR LU 240/ B TeG
W A 5 = A AR IR A

1.2 7Hi&

1.2.1 IL9R CDS A R AR DA HME RH
CRISPR/ Cas9 i[RI 2H 2 £ A, 44 /)N BRUKE iR 1 40
( embryonic stem cell, ESC) f{) il-9r ] exon 2 -7 Bk
BAg AR IL-9R , [R]INHOR B2 exon2 Hij I {5 =
JIRF exon? 5 T (14 85 S5 R 468, BEEIAA 2 IL-9R CDS
FER AN ESC 5, 48 3 U AR IR G , 2868 B
22, JAgaia NI/

1.2.2 PCR %% IL-9R CDS A R AR DR B
G /N2 0.5 em, BT JC DNA {5409 1.5 ml
EP 5 3F IR, 554 EP A 50 wl BB EMRIE] &
25 mmol/L. NaOH ,0. 2 mmol/L. EDTA (pH =8.0) ]
I BB OB R 48 7 100 °C 160 min =ik
. fPRBREMT )G, A 50 pl [4 mmol/L
Tris HCI (pH =8.0) | ZE Wit % EP 4181 pH {1, T
WiERE G ar LREGIF MRS, IRAJE 3 000 v/
min B0 5 min, W EIE R R HTH EP B RN
DNA #5ihft, e # PCR KN4 : DNA if 2 pl | iE
544 1 wl(10 pmol/L) .2 x HotStrat Taq PCR
Master Mix 12.5 ul, KB FK#FE 25 pul, SH
e sf sk 0] & SEOR Y B FR Y i — 2B T8 cDNA,
SKI KL WT 5750 L3R 1, Sl i e i i vk - B
1.2 g BUIRKHA T 60 ml 1 x TAE Z2ofifi v, s
63 WH BB IEEY, FER 2 mA 10 ul
IR Y}, B AR BRI 515 2 3R IR W EEI . B 10

wl PCR ¢ 38 7=4) J 5 wl DNA Marker 47 Hiyk , 120
V.30 min, [ Tanon 1600 2 %14 [ Zh#k i K553

ARG W UG IR
1.2.3 JPRAZEI DNREHALIEL O BEH T

S BRI/ BRI e B A i I /0 BRI F5H
AR R A MR, B T R R AT A bR TR 2 AL
ZHE TR LR 0045 A J FE B T R ] e ALE , T 5
J153 B RS A 2R 2R, IO AL ; T/ B & R 7 BT
P RAN NS0l ) = AN REEN ) 3 AR RS = N (=
JG T3 FHSY 0535 1 i 235 2 21 21, TR0 e i 5 )
BT VAR B, P AH R B 7 50 R ST i e Ak B W, 25
B R, e 2 I DR 5 ol FH 59 ) Fs 12 R o iR
Ay B8 8 DX P g ok AR AL PR, 7 o f ) 19 0 418
W B AT I, LA 2% 5 Jii 3508 %) s, BB ol O 5 2%
JE R, W B 1) RS, Sl R T, MR B B B b
Jii I 235 235 AH ORI LA, , JBCHS JHFJIE o

1.2.4 Western blot 4] ILO9R &35 #1.2.470
B oy B A ZIRER 3y BY A T 1.5 ml EP 8, §2
HA B E S, RO E &, B, R
10% SDS-PAGE Hiyk , ¥ %2 & PVDF i, TBST 15 fi#
5% WEARWIH Z RBP4 2 h, A IL-9R —Hi (1 ¢ 1
000) ,4 C M HE R, W H A TBST % 3 I, #:1K 8
min, AR B4/ TgG (1210 000) , 2 3 £
RIEH 2 h, TBST ¥ 3 ¥k, &K 7 min, PBS ¥t 10
min, A62E KRR AT AR, R R B3
1.3 %it%4E R GraphPad Prism 8 i {4iff
TTEAE 3T T TR AR + ARt 22 367 A Ta) [
BRI FEA ¢ K336, DL P <0.05 A2 R4 450

2 #HR

2.1 ILYR CDS ERANFEU/NMNBHHEREELE
E  RHCRISPR/ Cas9 5t [ 21 4 5 12 A , B /N B

®1 ARERBEESIWFT

Tab.1 Primer sequences for cell genotype identification

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

5KI identification 119-5KI-F2 CTTCAAGGACCAGTAAGTATTCATTCAGT 2553
IL9-5KI-R2 GCAGGGCAGTCACCAGTAAATGA

3KI identification 11.9-3KI-puro-F1 CGCAGCAACAGATGGAAGGC 2 340
119-3KI-R1 CACATCCCTTGGTAGGTGTCAGGC
ATX-BSD-F1 GTATCGTCGCGATCGGAAATGAGAAC 2229
1L9-3KI-R1 CACATCCCTTGGTAGGTGTCAGGC

WT identification IL9-mWT-F2 GGGTCTGTCTGGTCAAATCCTCTCC 1 805

IL9-mWT-R2

GGCACACTTGTTCCTGATGGTAGC
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Human /L-9R

E2 E3E4

Mouse il-9r
WT allele

Sarm

Targeting vector

Targeting allele

Bl ERAERHTEE

extracellular region(3.1 kb)

E6 E7

E5 E6 E7

3arm
PGK-Puro

Fig.1 Schematic diagram of gene editing strategies

B2 mRERMNMEEERSE

Fig.2 Schematic diagram of the final plasmid construction map

ESC il-9r A exon (E)2-E7 F B &3 hy A0 A
R IL-9R LR B2-E7 &5y o e okms I 1o &
S T R, B 2k 448 001-Donor-DTA-condition-
puro-pB-eset-down ,002-Donor-DTA-condition-pB-eset-
BD Ff Smal + Hind I E#)4E A 3 arm; EcoRI + Mlul
D)4 A S arm ; Mlul B A KT, 448245 24T 4 5
%7 310-1L9-puro/BSD-5arm-KI-3arm-3# ( [ 2) . ¥
JEWEEE I L vk B Uk B D 25 R (18] 3) , D) )5 3
A4 &4, 00E 6 134 .3 613 1 544 908 bp 4k,
EIC R VK 45 R AT L 4 5 G1 B2 [ kLl D) J5 7E 6
1343 613 .1 544 908 bp ALAFAEAT , 5 B — 2o
SRIG A FT B R AL Y 2 ESC, A i IL-9R CDS
FEPINIEA /N B ESC, X 8 4 5 1 ESC 45 JF I 3
BRI P VI A B T T RE B A e R o SR SKI
1Y EE R4 2 553 bp 254 I H R ] PURO-
KI5 |9 % 58 I 3G 1 2 340 bp 2577 B 240 i B2 4T
B SR WT 5|9 %5 58 1805 bp 257 14
MIARBERRINATHE . Wl 4 Frsx, Al B1.C1.,D1 B2,

C2 D3 4 i sl T 4THE

Gl B2
MAKER2
MAKERI Enzyme NC  Enzyme NC

3 RAESUIER R Ik E
Fig.3 Plasmid restriction enzyme digestion

gel electrophoresis image
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BEMLE BGHR 70 D) KL 4f il i CRISPR/Cas9  BSD RN AR M E 2 340 .2 229 1 880 bp 4b A
S i BOR MR PUROR TPk 5 BSD itk FR/e skl 7ERI TP CJHLAE R o 45 BL HL (A6,
FNJF PCR B AE (& S) otk S Fros, s MR B6.C6 E6 Zhlf12h KO,

5000

3000 SKI:2 553 bp
2000

1000

750

500

250

100

5000
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100

5000
3000
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Fig.4 Cell identification results

3000 PURO-KI: 2 340 bp

5000
3000
2000

1000 BSD-KI: 2 229 bp

250 Resistance band: 1 880 bp

3000 PURO-KI: 2 340 bp

2000 BSD-KI: 2 229 bp

1000 Resistance band: 1 880 bp
750

BS FEMBREREEER

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
]L_QR CDS IL_QR CDS IL-9R CDS IL-9R CDS IL-9R CDS
WT humanized ku WT humanized ku WT tumanized W'T humanized W'T ¢ ku
IL-9R 57 IL-9R 57 IL-9R 57
p-actin 43 B-actin 43 B-actin 43
600 * 200 40 - OO WT
ek IL-9R CDS humanized
=] g 150 - 30t
ke 2 g
7 400 2 2 *
g & &
& 5 100 - £20 *
3] o 5]
0 = g
2200t = 3
§ 2 50 S 10F
—_
0 0 0 - -
WT Humanized WT Humanized Brain Lung Liver

Fig.7 The expression of IL-9R 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, "P<0.05 vs WT mice; B; The difference in IL-9R expression in the thymus between WT mice and mice with humanized IL-9R CDS gene is

highly statistically significant, t =49.04, **** P <0.000 1 vs WT mice; C: Comparison of IL-9R expression in the brain, lung, and liver tissues be-
tween 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 vs

WT mice.

DU ARG, Hor A S e 1) DA PR AR i 22 B
AR, AR Ar Al & AT AL /D Ble PCR %58 45 1 I
7, R WT 51 4 5 A3 H 1805 4% 9 /)
B PR RS B AR R SR 4l 5 5 ) S 5 N T 3

25532 439 bp Ky/NER N IL-9R CDS 3 A JE AL/
BOE6). mItnl L, 4% 1.2.3.4.7.8.9,10,11,
14 /NRE BRI EE /N B il-9r DR exon 2 =7
B, PR B exon2 Tij 18 B {5 5 BKFT exon7 Jg [ 1) 5 5
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ShAa sk, 7] isf B 4 AN IL-9R FE A exon 2 -7,
AT IL-9R NIFALAEG /IR

2.2 ILIRE/NRAR[ARRRIE  Hik—LHA
/NECILOR JE A AL, BT Western blot J5 35 M
IL-OR 78 IE | B fi . A s 7600 A U o ) 35
SEREW 5 WT /N, IL-9R CDS [ AL
AN )N R N A NG L O
OR REFRIK, hibn] LU IL-9R CDS A\ JAL2i&
NIRRT WP T

3 g

S DR T /N B s — ol 3 2 5 DR [ 91 T 2
(975 30N B DR RS A W L N 25 DR B T v
(A SEEG B, 31X 28/ FRUBE Y A AR 400K 28 N\ S5 9 Fiof
AR I AT AL e | IO T 9 P 2
AT Z WS A28 % A CRISPR/Cas9 4t
DRI 2 2 A, /N B il-9r JE DY exon2 - 7 B
B, IR B exon2 BT (415 5 JIK A1 exon? Ji5 1T 114 45 i
2 MK, [t LS 3 AN IL-9R FEH [ exon2 -7, 3K
15 IL-9R N\J5AL2l4 /N, A IL-9R LR ThBE R B 5T
AT SR SR

Riti A % TLOR [ 58 TR A, HAE S 5 iy
Ve F18 18 B IR ARFSE, ILOR DL AR it 77 2 42
PETH g0 K, 5 A — B S v A B
PEPEIGHS A AT b ILOR Bk = FEAR T TH 17 40
930 2 R g5 ™ B A T IL-OR 3 A LA i i
STAT3 Al STATS {GALAEHE Treg AHAAETE , AT 7 14
HNFIAR N B8 Treg 40 SRR fE5d
e 2 B A, IL9R AR+ 43 3 82, 40 Wb IL9R [y
CD4 T Z0fEEE R 741 41, e A S 1 iU i 1
PRGH B N, 7 W Wi 5 750 rf BELBT TL-OR B M\ T 4t i
MHIBE IL-9R WT L) S 25 0k 2 <3 AR AE A IE 85 N
PE S ARSI RA S IL-9R ik B SIH
PR IEMSE S [ CATA A1 CIA #E70iE H
THEE ILOR (9T TR . B, X
BEF2 B TL-OR 7545 Fh 48 P vh vl B BAT 2 Fh A= 4y
SV RN, MO TL-9R 3 PR A AL /N BN 764
BB TL-OR {135 FRAE AL B R 4 5 A0 8 /Ny -1l
IR R A 2GR0 S 30 A T L

ARSI W H CRISPR/ Cas9 PR 21 2 5 0 AR A%
Uikt 7 IL-9R CDS FEPR AL /N R B isi il IR
HUT CDS KR FUR A i i X R 4, O o
N JUTR 2531 g 5 X da, 45 78 ] BE TG 72 56 6 4
L ILOR 358 (H N SEPR R BRIl 45 R, /N R

LR LRI SZEL T IL9R K, SEE0 R Rk
] A B MR I F DK B AR, ok /N B A T 35 R
Y E R AORSE I MERA M , TR S B B IE T /IVER
HAH IL9R [FRIK. IL-9R CDS &K AL /N B
R JE AH DR FAM A N 2RO AN LR FR T
BRI SRR | Xt AR 5T AR LA B B
YEM.
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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 (/L-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 exon2 -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 5KI 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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