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I IRBEIN 152 ARG P T~ 2 245 TaBR/ D U R R 5

AR, AR, a0, 3w 0, 28w, 2 6
(ZHMEHRRFHFIHFIFRERGEMRZT, RE LB AR FIHRETLERT,
R PEHYZHEW R F o, A0 230032)

E BM [ CRISPR/Cas9 H AR G Mg R F 52 (kM 6 B F 2 (TRAF2) Z& & F R/ B, F FIF5 TNF-a-TRAF2
{555 357 W A S SAE R BT AL S i F & . FaiE AR ] B TRAF2 BE R A 4, i 2o 1
ST, ¥ 55F RNA Fl Cas9 mRNA §: A C57BL/6JGpt /NRISZAE I, -3/ R TRAF2 JE[H 58748 4= IR B & H1, i PCR
il Western blot il 2 FO AR, i 2 3515 TRAF2 ™~ /N, i FO AR/NEL S CSTBL/6JGpt BF 28 TR /IS LRI 58, 4R A8 2 1Y
TRAF2 ™" /N T RG99 . Kl TRAF2 ™~ /NG4S it s Western blot £ TRAF2 ™~ /N BRUBLIE | JFFIE &% B ik 41 41
TRAF2 #35 ; HE Je i TRAF2 ™~ /N GRUMUNE BFIE e B R LU R B GOl 53R FIH St 4T PCR %42, 45 & W
TRAF2 ™~ /INEUAE 679 bp H B H 475 ; Western blot 25 30, 55874 RIZ g, TRAF2 /N 8 (1 Hh TRAF2 (143 1K 1
B (P <0.01) , 5EPA RN LA, TRAF2 ™ /N R T BEUER (P < 0.05) 5 Western blot £5 L& 1], 15 B A8 /N L EL 3R
TRAF2 ™~ /NG IRLAE JHFE % B JIE 4 20 TRAF2 26 R A B FEMR (P <0.01) , HE Y fa 25 WY, 5 05 4 TN B3R,
TRAF2 ™~ /NG JHPIE B B E 8T IE S G 22 5. 458 Mg TRAF2 ™~ /NER, M RST TRAF2 76 % 5
FIVER 87K TNF-o-TRAF2 {55 55 /1 T 10 S AE S8 5 ML LA S 0 326 A DG 2 il sl R 1L T SR ZE 3l Tl

K§EIA  TRAF2;CRISPR/ Cas9 5 BEPH 55 5 2k A CAR /N B s SRR BU S 5 s RBUBIE S

hESES R332
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5810 7R TRAF2 P 4 i vl ol IR Ba 8,
T 7R TRAF2 7EMR  RA 25 22 Fh 58 0 S 28 1 92

83 PR A Rl - ( tumor necrosis factor-oc, TNF-
o) & 22 T HE 1 40 I BR -, AR R T AR RE O L R

i SV 28 M U T R A Y B S5 O T A 4 AR
JAT o R IRAE R T2 (A A SE T 2 (tumor necro-
sis factor receptor associated factor 2, TRAF2) J&
TRAF ZGE&E A P — 5, F TNF-a FHE 5%
5,2 5{¢3 T kB (nuclear factor kappa-B, NF-
kB) 1 c-Jun Z4FE K 55 1 ( c-Jun N-terminal kinase,
INK) 55 22 T {5 o e 5 308 8% ) TG, %o & JHO A 335 | i
S22 SIS LA B R AE 1L A B T TNF-o-
TRAF2 {5515 fLfe it NF-«B (5555, Z 52 MR
E PE RN Y & A K JE , A4 IRg KR 1Y R
(rheumatoid arthritis, RA) 2%

85 6 7 19 TRAF2 36 B/ L,
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PERE I EEAE A W A Cas9 mRNA HARA
# TRAF2 B [ 2F @ B (TRAR2Y ™) /b /L, %
TRAF2 "~ /NS [ 15 5% 0 B A2 /N BR A8 e 450 7
R/NEL, FFH PCR Fl Western blot 473 R i %5 |
it TRAF2 A5 ROE G P57 1) 9 R
B B 245 0 H0 A5 T 5 B (A B B 1) S A 7Y

1 #MR5ET®

1.1 zh#  TRAF2 JEP 244 fiBk /N BUL CSTBL/
6JGpt T 5L, IR T SPF SCH =, th VLR 4R AK 24
IR PR Rl AE ™ A2 P T UE S« SCXK(F5)
2023-0009 . AT B 1l 37 M BE T 15 B LR
BER A SIS0 A8 B ZE B At vfE (HILHE 5 - PZ-2022-

031),
1.2 FEKF SIS
1.2.1 = %&4X# Tris-Hel ,NaOH ( 45 5 ;. ST780 ,

ST840, bl = RAEME AR KM A RAF]) ;2 x
Rapid Taq Master Mix ( 555 ; A2A1590, B 5% i M ¢
AR AT A ) 5 DNA Marker 2000 (565
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AG11706 , i rg 3P} g 2E ) TR A FRZA ) 5 Agarose
525 : TSJOO1 , AL UL AE MR B AT IR A7) 5
RAPI 24 .5 x SDS _E A% vl ( 525 : POO13B
P1040, JL 5UR K FAE Y B R A A )  TRAF2 —
P (635 : AB126758 , 341 5 53 A7 IR A H) ) 5 B-actin
—P1 (18 5:20536-1-AP, ZE [F Proteintech /A 7] ) 5 #f
MREEFRIC L AEHT/ N B TG BRAR B AR L 1L BT A 1eG
b7 :ZB-2305 \ZB-2301, Jt 5t A2 e M AR W) HRAT
FRA A R Y k. 50 x TAE, B Wl (17 5
A8746 \BL523A . BL520A, db &% 2= AR M Bl 5 A FR 2
Al o
1.2.2 2 28%E BREEZRE AR (RS,
DS-11, EEFHE/RA ) ; & 386 PCR X T100™
Thermal Cycler . & 8% ( %45 . TI00™ , ChemiDoc , 3%
[ Bio-Rad 23] ) 5 3 JHAYHLUKAL (45 . DYY-6C, b
HOS— MR BRA R 207 40 i 3 4
248 (H15: . Pannoramic MIDI 1T , 111 4 3 B 4% EE 9T
FHEAR AT o
1.3 FHi&
1.3.1 Cas9/ % -F RNA(single guide RNA,sgRNA )
Btz R/ TRAF2 B 254, A A1 HE )
BRI E T AR J7 20, g 724 sgRNA
Pt B % Chttp://crispor. tefor. net/) B i sgRNA,
TRAF2 LA 3 PR, e B TRAF2-201 ( ENS-
MUST00000028311. 12) 5% A 45 3 4 T 245 4
HME FE R DX 2 XA 178 bp 1Y 4 5
Fe 8, w3 B0 B B RERY IR . mBR
ML 1,

% :
Wild-type allele A——{mi 1 0 7 o=
2 3 4 511
KOallele /[ o=
2 5 11

“\% CRISPR/Cas9 [ Non-coding domain B Coding domain

1 TRAF2 "/~ /NRIIE S
Fig.1 Construction strategy of TRAF2 */~ mice

1.3.2 FO.F1 /&% TRAR2* "~ /R 1EEE S
e T ARAG e e PH P R TR R o R ) PR A 7
P A TR S T ) C5TBL/6 B A /N BRI 2 K5 B
FEST Cas9 mRNA il sgRNA , 4515 5 19 32 K A%
REEMEZRERUR, B A /N FO IR/ R,
TR U0 B0 S R AR, R A 3 A FO FR/NER

AR, AR F1 AR FL AN A
FE L aE

1.3.3 PCR %%

1.3.3.1 EUZ DNA48HC 8753 JE I/ ELEUR 3

~5 mm, & TJC DNA 544/ 1. 5 mL EP 4, /40
A 100 L 0.05 mol/L NaOH, 100 °C #iz 37 1H 1 4 )&
¥ 30 min, BB HEIG A 10 wL 1 mol/L Tris -HCI
TR s FARE T FE /0 IR 5. 12 000 1/ min £
5 min, I ETE R EP A AR DNA A
Ji o

1.3.3.2 PCRYME  5|¥yidE A (CLED By
ARAF G %R WIE 2, 519 P51 \PCR J2
NARZR B PCR BF WL 1 - K 4,

1.3.3.3  BERCHEIK  AREX 1.2 g SR B A S
S, A 60 mL TAE 2% #hif . 16 A 34 51 J5 i b

Primer )@ PCR reaction Sequence
serial number region

B2 NAREERZEPCR EEFRMK
Fig.2 Identification strategy of mouse tail genome by PCR

®1 TRAR2Y - EEKES9F3

Tab.1 Primer sequences for gene identification of TRAF2 */~

Band
PCR No. Primer No. Sequence(5'-3")
size(bp)
CCACACTTAATGAAG-
PCR 1 T052861-F1A WT.7 206
GAGAGAGCTG
CTTCTGCTACCTGTGGAT-
T052861-R1A KO0.679
CAAGAGAC
TAGACGTTGCTTCATCGA-
PCR 2 T052861-F2 WT.341
CAGTAGGG
ACCCAGCTCAATTCTCGG-
T052861-R2 KO0
TAGGC

%2 TRAFR2V/-HELF PCR RRfEER
Tab.2 PCR reaction system for TRAF2 */~ gene identification

Seg. Reaction component Volume (L)
1 2 x Rapid Taq Master Mix 12.5

2 DdH, 0 9.5

3 Primer A 1

4 Primer B 1

5 Template 1
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%£3 TRAR2Y - EFELEPCR1REER
Tab.3 PCR program 1 for TRAF2 */~ gene identification

Seg. Temperature ( °C) Time Cycle
1 95 5 min

2 98 30 s 20 x
3 65 30 s

4 72 45 s

5 98 30 s 15 x
6 55 30 s

7 72 45 s

8 72 5 min

9 10 oo

F4 TRAR2Y - HRELTE PCR2 REEF
Tab.4 PCR program 2 for TRAF2 */~ gene identification

Seg. Temperature ( °C) Time Cycle
1 95 5 min

2 98 30 s 35 x
3 58 30 s

4 72 45 s

5 72 5 min

6 10 o

AN, W 3 UK, BRI JS S i R A
IIA 0 pL RZRR YR} 5208 S I IR I 5T IR &
PR A AR ABE AR T, I-48 AL T2 BURE
flo HE 30 min DLAERFEERCEER . LA 10
wL B RE S, bR fL A 5 L Marker, 140 V400
mA HLIK 30 min, HLUK 58 B , 5 S5 1SCHA £ ek
JBE B R LS 25 SR

1.3.4 TRAR2™NREF4K 18 SPF HAIHSL
B2 AR, X TRAF2 ™ /N Rk A7 1) 55 A0 0
S A R RS AR IR 22 ~ 26 C AR B R R
40% ~70% BN . O T B B SR EREE, E N
JEREFEI B E A 12 h BOGRRRN 12 h AR, /)
SRR HOBHRROK BB G T o T i R 1) T 7 4
i, ROEAHORME A 2 R DR RRIE T . TR
YELEB I TAE & N I 2R T . EEF VIR
Bt Wik TRAF2* - /NEL 5 CS7TBL/6JGpt Mk /N
AL 1 B E AT 5 08 . S BRI R 2k 2y 21
do /NREEAE B A G 19 ~21 d 7] LS8R
T35 AR e A o TR 35 . R /N R — i 8 J&
LAy WEE/INER 6 R A AT SR B A, mT DL Ttk —
1.3.5 Western blot ;% [0 & JE IR TR A2 B I
LTINS R (RIPA : PMSF : PI=98:1:1),
1 mg HEUA 100 L ZfiF R, {18 P i AR
T BUHEAT WA K B ORI S 5 x BFEZR

MR LB &, 100 °C 4k 37 16 R 42 J8 ¥ 10 min,
Seilad UK R 0B, 220 mA BEIBE 1 h RAG
AN s AR TN 5% AR AR 05 (1 g AR W5 43
+20 mL TPBS) Hr, $% PR _F AR % iR £ A 2 h; 9 51
FEXT A 25 TR B E B-actin —FHT (1 2 10 000)
I TRAF2 —477(1 © 400) ,4 “CHEH i ; TPBS i1t
3 UG TR ML AR TG (1 2 5 000) 51l
i/ TG (1 : 10 000) , F2IK - ZIRBFE 2 h;iFE
SERUG TPBS JEVE 3 ¥, PBS JE¥E 1 I, K 5 min;
i A TR

1.3.6 R4 6 R A A
TRAF2 "~ /NGBSl 4, R, [ e R 8 /1N BRLA UL
Je BRI

1.3.7 HE & B 10 J& &, [H s 1k
TRAF2 "/~ /)N SRR A= B0 /IN BRI | B A0 5 ek 20 4
[, AU HE Jea JRAGE I e

1.4 Zit=43E [fif Graphpad prism 8. 3. 0 &ff
PTG T, LR A5 R DL v £ 5 R, A FLECR
FH o K, P <0.05 22 R A gt E L.

2 HR

2.1 TRAR2V NREFEBLE

2.1.1 PCR %% TRAR2V " D RABEA  HER
& DNA | T052861-F1A FI-R1A B[4, i3+ PCR
U AR PP AT 1 5 AT BE R I Uk, 45 R an 18l 3A Jir
LY 679 bp H 4% A TRAF2 /N
T052861-F2 F1-R2 5[4, PCR 2 &7 4743
Ja AT EERC LUK, 25 R AN 3B s, 4744 341 bp
H B4 B A RN, 255 8 e 45 R AT ¢ 1
PR FIINEL L2 S TRAF2 Y~ /N,

2.1.2 Western blot # TRAF2* ™) R A B &
$2 BB R 45 B, 1 1] Western blot 4 il B 4= 24 F1

A B
p M2 op pp M L2
5000 — 2000—
1000 — 1000—
750 — 679 750 —
500 — 500—
- 341

250 — 230
100 = 100=
B3 NREEEPCREELR
Fig.3 Results of genotyping PCR identification in mice
A: Identification results of PCR 1 program; B: Identification results
of PCR 2 program; M: DNA Marker; 1: WT mice; 2: TRAF2 /-

mice.
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TRAF2 '~ /NELUELR AL SUh TRAF2 1 35, 455
AL 4 FF % , 58 2 /N R, TRAF2 7~ /B
F& TRAF2 B 1 FAIE(E (P <0.01)

WT TRAF2” [

o ]
) | -

—_
W
1

—_
(=]
T

%

The expression of TRAF2 (% control)

(=]

WT TRAF2™

4 FFERIF TRAF2Y ~/NREES TRAF2 Rik
Fig.4 The expression of TRAF2 in the tails
of WT and TRAF2*/~ mice
**P<0.01 vs WT mice.

2.2 TRARZV /INBABERREALH TRAF2 1y
FIE K IEF A /N B TRAR2 Y™ /N B A i
Ak, A5 R E SA Fros, 5B A AN R R,
TRAF2 "~ /NSRANI B A BB DL 8 5, (25
BP AT/ R B3, TRAF2 ™7 /I8 B S5 B2 AR (P <
0.05) , i#t—25F2I0 )N BUMUIE I A2 B 2R 1, A
Ffl Western blot £ l] TRAF2 & (9335, 45 R A&l
5B iR, S nles B AR AN L ER, TRAF2 ™™ /NI
JLIE JHF I LR B ik TRAF2 28 1 9 238 K F- B
TR&(P<0.01),

2.3 TRARV NRAABELEKXEERL W
BP A RUFD TRAF2 ™~ /N SR AT |5 0 0 52 ik 4 482
AT 5, HE Gy e R I 4l 2L 4544, 25 R an sl 6 fr
7R, TRAF2 ™~ /NG HP 4 T 25 235 4 35 58 3 HL
KANIEH R HCRPIRHES , J8] BB A A 0498 A 4t P
B B AR NE AR HES A T BT AR
INIEH B /NER G ZE R I IE W S5 M IE L 411
RED FLUG W, A2 A PG I AT W DA g5 R AR OR
TRAF2 ™ /NS AL B IR B R ZH 0,

3 it

TNF-o 3l 1 2 AN [ (9 32 AR A 38 155, ROV R

A WT TRAF2" = 30
E — *
on
.g 20 T
>
o
210
2
=3
]
E 0 +/-
WT  TRAF2
B Spleen Liver Kidney
WT  TRAF2 ku TRAF2”  ku WT  TRAR2” ku

TRAF2 __ —

T IE

TRAF2

b
[~
Q
=
=
N
[\S)

b
[~
Q
=,
=

- e

B-actin | —— o

8 1.5 o 1.5 o 1.5
< < <
o~ o o~
= = =
53 10f =3 10f 2101
s g £ £ = 2
}7 LO; ok g 51 sk g 3 -
S 05r == ﬂés\iO.S- T ggO.S- T
w I <
: : :
o
E 0 — = 0 S 0 —
WT TRAF2 WT TRAF2 WT TRAF2

El5 TRAF2' " /NREZEHERRALH TRAF2 fi&ik
Fig.5 TRAF2 expression in multiple tissues of TRAF2 */~ mice and developmental profiles

A: Body weight of wild-type mice and TRAF2 */~ mice; B: TRAF2 expression in the spleen, liver and kidney of wild-type and TRAF2 */~ mice;

*P<0.05, **P<0.01 vs WT mice.
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WT TRAF2'"

Liver

Kidney

Spleen

6 EFAEEUNRI TRAF2 Y~ /NR&HZ HE £ EE x40
Fig.6 HE staining of tissues from wild-type mice
and TRAF2*/~ mice x40

IRAEIR 7% (TNF receptor, TNFR)1 £ TNFR2, 4}
SR RAE RBEVEDIR I KR &R, TRAF2 fE:
N TNF-o/ TNFR Fif EE W HEE, FE W 14
N 3B FEFREE A4 1 4> RING finger domain | ¥ [i] f)
GRS H A 1 A C iy WD40 S5 H 14 AL,
XUELE R AL 2 5 T TRAF2 (W H - S EAHE
VERIRME S5 S ohaE" >, TNF-o 55151k, 12
TRAF2 255 A0 1215 5 4 5 3 1. Jigg IR 3T A
TR 1 RUAOCFE T 45 I 1 G A R 2 A
1 2 (G protein-coupled receptor kinase 2, GRK2)
M, WS NF-kB JNK Fl Caspases 55 2 F {5 538
B T S AR Y TE AL GBI T, B 5 R
L E BB A B R AR, 2 RA S5 S8 fo s M
PR R R gt Fe ] TRAFR2 3 i
Z RS RA LT 4EFE TR AN (fibroblast-like
synoviocytes , FLS) 111 NF-kB il INK (5, /5S40
PR TR S RO T 42 & 2 1 7 A SRR RA FLSs 4
MRG0 . R AT IR 52 & B, FLSs th
TRAF2 5 GRK2 fHEAE M, e #f GRK2 # i, 75 5
EP4 RN AL, SN cAMP 177 A0, {2
FLSs SEAHAA.

JE£T CRISPR/ Cas9 ik [A] i B B A gl 7 Fo e 1Y
e DRI 53 S 9 s S AR L I IS SR TR A )~ D
MEZETB, FiHaF ) Cas9 mRNA Fil sgRNA ¥
Sk /N RS2 RGO 5 RS A B AR 2 BE B, 45 31 FO AR/
o ZBARBA SRR KWL 5 T sl 8D
AR A DL AR B #, 3X 2L S 75 CRISPR/
Cas9 HEARANREIE PH FLUERA b m B R e S T, 8
RETE 22 Fh Sl AL v S 3 ] ] BRI 1 JA 0 52 5 5
W FR 05 T 2R SRR R e R L AR,

CRISPR/ Cas9 A ib EA /] AR i) gt 48 224~ 3 A 1Y
DL S BTt 24 sgRNA, [l IS [ 224> AN [a] )
 E [F] b /0N B S 300 224 5 AL 194 [ Bt e [ s
8, O TGRSR Z [ A BAE VR 2R N £
LR S B F Y

AW S B AR NR S PO AR
TRAF2*~ /N B 2 &2 #5458 F1 % TRAF2 Y~ /N EL,
PCR i rL Uk R /)N B B HY TRAF2 (1) 55 R 454
TE 679 bp, Western blot #:illl TRAF2 & [ F i REAIK,
PRI HE TRAF2 ™~ /N 76 S 1 R % [
By /N BN TRAF2 ™™ N BUM A R &, & 3
TRAF2 "™ /7N B Joi 2 258 B A4 0 /)N BRI J 2 A1 o
Western blot 46l [ %3 B A= 70 /)N BRI TRAF2 *~ /R,
PRI JFFRE DL R S 4 40 TRAF2 (R 3E H #&ik, &
BLTRAF2 ™~ /NP TRAF2 2R [ R B0 8F A /N
B FRAIG, 2E — 20 R ] HE 9% €46 0[] 5 B A= 7Y
INERURT TRAF2 7 /N BRUBLIE | JFF JOE LA 22 B Ik 21 21
WSS MY LR 2E R, AR IEER
TRAF2 1EARAE G P 1 95 o b 18 VR T BL TR A B I %
L RIT 25 PRt TSR S YA
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Construction and phenotypic study of heterozygous knockout mice

of tumor necrosis factor receptor associated factor 2
Wang Weikang, Zuo Shujun, Gu Jintao, Guo Fuyuan, Guo Haozhou, Han Chenchen, Wei Wei
(Institute of Clinical Pharmacology, School of Pharmaceutical Sciences, Anhui Medical University,
Key Laboratory of Anti Inflammatory and Immune Drugs of the Ministry of Education, Anhui Collaborative
Innovation Center for Anti Inflammatory and Immune Drugs, Hefei 230032)

Abstract Objective To generate heterozygous TRAF2 knockout mice, the CRISPR/Cas9 technology was suc-
cessfully employed. These mice were served as a valuable model to explore the pathological mechanisms underlying
inflammatory and immune disorders mediated by abnormal TNF-a-TRAF2 signaling and to develop new therapeutic
targets. Methods A vector targeting the knockout of the TRAF2 gene was constructed. Lead RNA and Cas9 Mrna
were introduced into the fertilized eggs of C57BL/6JGpt mice through microinjection to mediate the TRAF2 gene
mutation in mice. The mouse tail protein was extracted and the genotype of the FO generation was determined by
PCR and Western blot. TRAF2*'~ mice were successfully obtained. FO generation mice were backcrossed with
C57BL/6]JGpt wild-type mice to obtain stable TRAF2 '~ mice for propagation and subsequent experiments. The
body weight of TRAF2 "~ mice was detected; Western blot was used to detect the expression of TRAF2 in the
spleen, liver and kidney tissues of TRAF2*'~ mice. The development of spleen, liver and kidney tissues in
TRAF2 "~ mice was detected by HE staining. Results PCR identification using specific primers demonstrated that
TRAF2 "~ mice exhibited a target band at 679 bp. Western blot analysis results indicated that, compared with the
WT group, the expression of TRAF2 in the tail protein of TRAF2*/~ mice was significantly reduced (P <0.01).
TRAF2*"~ mice had a lower body weight compared to their littermate WT mice( P <0.05). Western blot analysis
showed that, relative to the WT group, the expression of TRAF2 protein in the spleen, liver, and kidney tissues of
TRAF2 "~ mice was decreased( P <0.01). HE staining results indicated that there were no significant differences
in cellular morphology in the spleen, liver, and kidney tissues between TRAF2 *"~ mice and WT mice. Conclusion
The successful construction of TRAF2 *"~ mice has provided an important animal model for exploring the role of
TRAF2 in developmental regulation, revealing the mechanism of inflammatory immune diseases mediated by abnor-
mal TNF-a-TRAF2 signaling, and screening related drug targets.
Key words TRAF2; CRISPR/Cas9; gene knockout; genetically engineered mice; genotyping; phenotypic study
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