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Abstract

BACKGROUND: a-Galactosyl (a-Gal) is the main target antigen in hyperacute rejection resulting from animal tissues or xenotransplantation.

OBJECTIVE: To develop a Gal antigen-deficient rabbit model in order to objectively evaluate the immunogenicity risk of animal-derived biomaterials and the
local response to implantation in the host.

METHODS: New Zealand white rabbits, SPF grade, 6-8 months old, were selected as model animals to prepare Gal antigen-deficient rabbits. Using CRISPR/
Cas9-mediated gene editing technology, two complementary sgRNAs were designed and constructed for the 8th exon of GGTA1 gene to regulate Gal antigen
expression in rabbits. After transcription, GGTA1 sgRNA mRNAs and Cas9 mRNA were co-microinjected into in vitro cultured rabbit fertilized eggs, which
were then implanted into surrogate mother rabbits after a brief in vitro culture, and the neonatal rabbits were obtained by natural pregnancy. The success of
gene editing was verified by gel electrophoresis and gene sequencing. The expression of Gal antigen was detected with reference to the method given by the
industry standard (YY/T 1561-2017). The study protocol was approved by the Animal Ethics Committee of the Laboratory Animal Resources Laboratory of the
National Institutes for Food and Drug Control (approval No. 2017(B)007).

RESULTS AND CONCLUSION: The embryos were transferred to four surrogate rabbits after gene editing. Flfteen gene-edited pups were obtained after natural
pregnancy. The appearance and feeding behavior of the pups were not abnormal. Gel electrophoresis and gene sequencing results showed that 14 out of 15
rabbits were successfully edited, but the edited bases were not the same. The Gal antigen of the main organs was detected randomly, and its expression was
reduced by more than 99.96%. Therefore, Gal-antigen-deficient rabbits are expected to be used for immunogenic risk assessment of animal-derived medical
devices and in situ implantation experiments of heterogeneous bone and cornea, in order to be able to more objectively and scientifically evaluate the safety

and effectiveness of animal-derived medical devices.

Key words: Gal antigen; GGTA1 gene; CRISPR/Cas9; gene editing; immune rejection; model animals; orthotopic implantation; Gal antigen-deficient rabbit
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0 5| Introduction

R SNADIR Y AR A BT R I B AR AR B 1 F A 2R 15
TR, HAMBERIEE, SR PR S0 i IR 2k
R, IR T RIME B S A BT k. SR, H
T IENE AR B RE R RS, S BOL R T MR HEE
FH S P G SR A 5 RS I S e HE R R BB AR R, BRI
MR 22 A b AN 2k M, BT UK B BT S B i T HE AT
B AT B AR VPAN DAV e e A U o LR T 48
PRAE DSV 56T 22 A e IRV VP A S 5 22 SR FH B A 2R S
STV, (H BT A AL SL IS St ok B At sh W i) = b
2 R BURE 5 NRARRE, TR HHN shP v BT 380k
M2 a k. BrbL,  FH P A B SEAS Zh WA B 2 I 1F A0 Zh 105
PR R TT A% ) S o B 02 I v e X s E AN RN, SR 75T R
—MAIE RIS LR T SR PR R TT A bk S 8 iR 1% R e
TN R S22 4 RS VT AN

EF R R W o 2703 51 )R (al, 3galactosyle,
Alphal, 3Gal 8 a-Gal, DL FfEifxN Gal HiJi ) j& FFhR a4k
FH)EERPUR . Gal FUJ5 2 —Fh 2 I L I (o,
3galactosyltransferase, GGTA 1) i $% [ 2f- FLp% 3t 540 it |
(2 A B 45 A — e EEDUR B, X R PR R IATE
BTN BN B AR BT A AR S LS PR Y
NEH T2 ERR (&4 Gal JiJR ) i, EASES
KRBT Gal Hifds, PRt A AR N AN K 22 B% Gal $it )52 i 3h )
YRR E e A A R HE R RN P SR R T A
WHEM B Z RIE TR 4 5, EERS, e XETEN
SEREN 2 R DR RTE, REHYENETRIE
Gal HLIE M JC Gal fifdk, KT ZPpIE AR 5% B Gal Hit
JRAS 272 A G S R R OB, 3R T AS B 25 Wt VA7 2 0 s 1 =
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T ae SO N A PR S B SR A R i AN B L 55 2 4 XU

NI, AR 22 A TR 2 DR 4 A ) % Gal FL R Bk Kk 3h
B, T s AL 8 B K S IR A MR S e G
JEE T S R 2 B e R g 4 B R B R T Gal R B
RN I T SR R A M 1 S8 i A e A DXL
VR B BRI, AEREE SRR T I R, R
FARE L SRR RN UYL A T RN P SRR (1
YU E AR RN T B T, X R BT
ARl R R ag, HLE AN ORGSR T RE R T R
PN SRS UL PR S P A B (1 7 SCEAT DLt vPAn 51 ke
JRIFBIEN SN S e S P RSB AR R OE L SRR
REAE RS R ZR o SRT, /B KRR AR /N SIEI6 A B A R i
ANTTAE T IR AR, 58 R SR sh YR L
K, FRIERAS. SZMHW, RTEEE S, 5
W g, HAES NFEEMUR#RE, 2R
TER AL RS U O BRI B IR BT A
PR B RN SR R, PR L CRISPR-Cas 9 $3 A il 7%
T Gal LRGBS T, FFEATAMMET, ERER. B
FI TSR BT 25 0 G B S A XSG P A1 A S Sz AN S 56
2, DU RE RS 2 U PR S0 IR R R 7 AR 22 A PE AT 2%
LRI

1 #®F5E Materials and methods

1.1 #t Gal Pl B R AR 6%

1.2 B AME SERT 2017 4E 9 H & 2019 4F 2 AfEILE
Hh ] 24 R e B 5 5E K

1.3 ##t

1.3.1 SEEesh¥) e H SPF 4 6-8 H %, 1K) & 3-5 kg (1T



V22 K B RN IE A, H1% Gal Bl sk Hf1. K
55 304 e LA 24 R S I AT R S 56 3 ) B VR AT A BT
f, YEMES: SCXK( 5T )2014-0013, 4>F27E 46 Bx 30 4 Fr
SPF HIAEE FAFR. WAL E & 525 SR Bt 7L B SL 36 30
VBRI S A DA B R G e e [ S TR 3l (48 )
% 2017(B)007 3 ].

1.3.2 SEIGH FEEIRF). (88 K4 TIAMamp Genomic DNA
A& (R, o E ), NEBuffer 2(NEB, USA), T7 P4 4%
1F B2 9 (NEB, USA), DNA Marker 2000( K #8, #E), g
B (R3EE, FE), TIAN gel midi 2540 RFI & ( KR, +
), QuantiTect Reverse Transcription(Qiagen, Germany), TB
Green™ Premix Ex Tag™ II(TAKARA, Japan), o-Gal 3¢5 A& Il
A& (=25, TE); CRIEFY MG (Veriti, HA), HLKAL
(Bio-Rad, ZE[H ), ST %% | PCR X (LC480 II, Hi: ),
BB T R4 (U1, 3E[H ) 45,

14 F¥%7ik

1.4.1 GGTAL B A i fa 7 1l %

(1)sgRNA 351 ¥ it: MR 2 1) GGTAL i [AI Rl /1N B
FEIIHE 9T J2 NCBI A4 45 3L (Gene ID: 14594)®7, it bt # 73
FFF 5587, BE T Gal Pl fIRIE K GGTAL BH Thig
X o JfideE B DhREIX COS( Wt [X ) P A5 8 SR F1E N
LRI #E /5, ¥ FH Feng Zhang 25 2 fi£ /1Y) CRISPR/Cas9-sgRNA &
THEZ ML (http://crispr.mit.edu/), TEAE 8 AMe¥ E#it 1 2
A sgRNA( WL 1),

Rabbit _, ___
comat & —H

f— 3

Target site [cctgacgaatllacciatgagag " tttggaggaacaccecticagg l

sgRNA1 sgRNA2

1 | EEITHRE

Figure 1 | Schematic diagram of gene targeting

(2)sgRNA Bk #5855 & R Bk Beih 19 2 AR 4
F) 4T #E 5 41 DNA SERZ 1 R 5, 95 "CalB /K 5 min & jl XU
DNA, ¥ X% DNA 5 B 31| Bbs | J§ D) [7] U 1) pUCS7-T7 %
1K HAR (LK 1D 51306); BE 5 FH T, 5199 15 #5804k
(pUC57-T7-GGTA1/sgRNA), ¥ 3 52 1% J5, FH MAXiscript™ T7
R BT S, miRNeasy Mini 57 & 4lifth, 534 KM
GGTA/sgRNA1 i1 GGTA/sgRNA2 % .

# 3xFLAG-NLS-SpCas9-NLS # {& (Addgene ID:48137) £k 14
AL PR 5 AR SN R T A4 £

(3) ZAGINES SMaFAE: HoE, K 6-8 H i MENEHT
PG 2% K A SRESHE PR (FSH, 50 1U) BEAT (2 bkl HE bl
12 h ST 19k, EEEN 3d. EERE—RENEEELS
HEVE S 75 58, FFVEN 100 U NVRZRE AL RIS (hCG),
18 h 5 K W 52 2 Gy - St 22 SR BB, ] DPBS-BAS it i B
B SZAG IR o K JRAZ I B WG 5 77 46 OF BE A0 M 5 IR b o

5 200 mg/L i) Cas9 mRNA & 40 mg/L 1] GGTA1/sgRNA

S EIE T IR A X E1RE

RRNMMRB 5 E R @id CRISPR-Cas 9 /i T4 (R 4B H A il % Gal 7 J ik

B RGBT, HBATANMES, BRAGF. BTN
TN PR BT A 5 AN %o 1 2 1 30 4 g2 = R S
R S S S RS

THIRIFERBER: SPF 2537 16 == K 11 e ol o I £ o 243 RS S8 I 7 Bt S 6 B
VIR T TR A

BRSHRAFERRBINE GTIEEESs, BRENE. S5, BaE5A%E

#: SERHAAR A S50, S A T R A AR N S0 A R T AR A
24 WK AN 5T H

BRI AR @ sgRNA 751 % it (@) sgRNA Z ity g 5565 ®@%
FEINAEGT S IR

BEFEFSHA: RGOS (LUBIEEER: NSRBI R
FER4;E45T: Cas9 mRNA; GGTA1/sgRNA mRNAs

= ERREEIE AR S 4 IR Rkn, 2P 3

RGTRNAERNE, FEFR GRS 15 RfFh

ERESREYEIENR: O GGTA 1 IEH MM IR LS R @K AL 4 e 4
R @RI GAEN Gal FrIER LR

REBEZRSHE: HF 5T 28 v 18 £ 24 A R T 9 B S 56 sh 4 R R E A
Frh¥mie B 2 0 S e (bS5 R B (M) 5F
2017(B)007 & ]

MRNAs, 2 85 HI 40 o v 5 07 SO AT IR VRS TS 58
BB, KRB H% 22 EBSS 15 7RI, 7£ 38.5 °C, /A 4 £ 5%CO,,
100% 4t B2 S5 A T AT RS 77

¥ 224 NEST Cas9-GGTAL/sgRNA mRNA RGN 4
RZRGRORE N, I TERETR. @8EH 3 AT iE
SR B R DR AR BRI G DDA IR IR A, A 97 JE SR 3R1E 15 H
(SR
142 FiAE/NaIE A E MR R GGTAL & K I s [X
CDS J7 41, Wit 434 51 9% i A /N Gk R R AT %5 F
TGG AGG AGT TCA TAA CAT CTG C; R: TGC TGG GAT TAT CAT ATA
GGC CT, ¥ H4tldt i Bt JE (602 bp).

MHT AN RE A ZIEE DNA, PCR 473 f5 411k, NEBuf-
fer 2 $A 1, GBAK, 458 PCR P4 T7 IR MEAZ H IR G AE
37 “CyH4k 30 min; £ 2% B ARHEER Uk Rt AT Atk BB
JIE Rt I LUK 45 SR . IR IR PCR P2 W) 42 pGM-T B4 Ji5 1%
W, HaE ANk R AL
1.4.3 B[R ZnH SRk N Gal B I E o I KE R 2 6 S o
FFs B BB B 5 ANETERESRALN Gal PrERBEN, VP
i GGTA 1 Z:H 4w 5 IR . BLIXAT 5 Gal HUJR R IE K
PSR FH S S BT Gal HLAA K ELISA vk b AT A ) o, sk
U )R H R SR Gal Bl s st p A ( BRUUE, M86), S
M86 S ZHZ ¥ Gal fi J5 kAT e S, T HEAT B9 00 43 B R S B
IR R KRR ARSI N TG R Gal/BSA [ AH Bt iR
4% 96 FLARGEE TN E, DAL SH R RN PP Rk & .
B AAREES RTS8 AT AR YY/T1561-2017( HEL T 2R

Chinese Journal of Tissue Engineering Research | Vol 25 | No.2 | January 2021 | 283



TR S DI S SR R B a-Gal FrE R ),
o-Gal TS A ) AT A I

1.5 EZIEIEHF O GGTA 1 EHgmARMIAHELER; @
RS RS R @R R mA Rk N Gal iR lgs K.

1.6 %itF o4 Gt B3R K Excel & Graphpad Prism7 4k
PEBET 2R B EWOH (KK ), P<0.05INNERE BENE

2 %58 Results

2.1 GGTAL A %4 RIEfeA5 A4 R B 224 ANt 74740
Mk (Cas9-GGTAL/sgRNA mRNA) FIIREFEAEN 4 H 21k Gk
SR, FEHHTHEAMRIRAA R, B 3 RS T EE Y
WIRIE I ST B IN 24, A FR 5 23R 15 H FO A4 4,
ARG G HLLER 1. FORMTRAR B MIER, KRILHEA
BB (LB 2), AR UL FLEEE AT N R . 4 FO AT R
P AR R ) L LFR 2, AT R o S (R A 1
AR G PR A T RN b 4 SR R R R R R B A
EAMA, ZRLEEEMR L (P>0.05),

F1 | GGTA1BiPARAERRFEHEIENR
Table 1 | GGTA 1 knockout rabbit embryo transfer

L2 C NN A RN GGTA REBHH  GGTA X
Py B (R/T) (n (n)(% £ ) (n)(% £ 4 )
1 60 2 6 5(83.3%) 5(100 %)

2 54 o 5 5(100%) 5(100 %)

3 52 & 0 - -

4 58 & 4 4(100%) 4(100%)

2 | o Fo RIFRSFER (WT) FREXTEE (ke)

Table 2 | Comparison of body mass of partial FO generation rabbits and
wild-type rabbits

JE (A ) BT g

FO-2 FO-4 FO-5 FO-6 FO-8 FO-10
1 0.06 0.05 0.04 0.07 0.06 0.05
2 0.19 0.09 0.10 0.12 0.13 0.10
3 0.24 0.19 0.15 0.21 0.19 0.26
4 0.34 0.29 0.18 0.30 0.29 0.32
5 0.56 0.53 0.50 0.59 0.43 0.49
6 0.80 0.80 0.80 0.84 0.67 0.78
7 1.21 0.83 1.01 111 1.13 0.98
8 1.41 0.98 1.23 1.10 1.54 1.23
9 1.58 1.23 1.33 1.23 1.78 1.45
10 1.89 1.33 1.56 1.41 1.92 1.63
JA () RS
FO-13 FO-14 FO-15 WT-1 WT-2 WT-3

1 0.06 0.06 0.05 0.06 0.06 0.05
2 0.14 0.19 0.15 0.14 0.13 0.16
3 0.26 0.27 0.23 0.21 0.23 0.25
4 0.35 0.38 0.35 0.34 0.35 0.38
5 0.56 0.58 0.60 0.61 0.60 0.59
6 0.80 0.82 0.81 0.91 0.81 0.87
7 1.01 1.00 1.31 1.28 1.05 1.25
8 1.32 1.13 1.69 151 1.27 1.50
9 1.58 1.29 1.87 1.81 1.57 1.81
10 1.83 1.43 2.01 1.99 175 1.98

Tk AT RIS R A B A R TR R B L, ZER IR ENE
# X (P>0.05)
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B2 | OREERBEREO
B (A &2 A (B)BR

™ Figure 2 | FO generation gene-
) edited rabbits at week 0 (A) and
| week 2 (B)

[l DNAMarker: DL2000;
FO-4, FO-5, FO-6, FO-7,

FO-8, F0-9, FO-10, F0-14: FO
R

E 3 | FO AR 1F SR ARER B
B e K E

Figure 3 | Nucleic acid gel

2000 bp

1000 bp
750 bp.

electrophoresis of partial FO
generation rabbits

22 ARALKELER

221 BERHUKE R BUTF REAZH LR DNA, PCR 3
JE AT R F K, T ET S S RIS S R K7 31 602 bp.
FHE R HL vk B ( ILEE 3) mT LA 26 6, 9, 10 5 R [M4wiH
I EA T, XA RN R 4 4 G ) 2 2% DNA FAgE 7
W R YAy, RUEEIWIRL, TENLAR B 4TS S NUEE R BA B
DI BN o T (R 2, 33T IV 4% B B B K
SRR, SRR VKSR LR . R LR 4t
M 2 2B 2 N KB BT DI 2 H kb, ek H vk
I3 BN IR B R T gm0 AT R R R
INFLEE R B 75 4 T G

222 JERMFPEE R FERmE GRS RE R 1 R
£ G 9B A= A (FO-14), HARAF K GGTA 1 28 8 4h R T JE[A]
B B Ih g, (R G A S AR R, 4 BT DR B
FHMAMIFE (PEABEE RS, VAT TR R A A
RN 2, sgRNA J% Hoihil 4 1) Gal 470 J5 5 2k S -5 AR R R Y
LRAT5: CN 108330130 A),

23 ABE%E RN Gal WEAM LR TN GGTAL 3
DKl i G R P Gal Bt JiR R R IA T 0L, BEMLIESE 4 X FO RGBT,
F R R R A S B A R TR FFS B Bl B3 s AN E
T RH) Gal PURFIAEHAT TRMAK L, RS R R 3.
Gal HJR 0 ELISA Kl 45 BAESE, 4 W FO ARHE K 4wt S i) &% 1 %
2% Gal 71 R IA MR T B A U R4 T 99.96% A LA L

*3 | Gal URFRIARMLZER

Table 3 | Gal antigen expression

G (s ) O J i it 5
BFAER (mg/g) 8.37 19.54 78.32 84.05 27.46
1(%*) 99.99 99.99 A F] 99.97 99.96
2 (%) 99.99 99.99 A F] 100 100
3 (%*) 99.99 100 99.99 100 100
4 (%*) 100 100 A 3] Kt 100

Fk: 7 GEAERAL Gal HilRFE BIRKHE 58

3 113 Discussion
H AT, SCHRIRIE B S m b e R A A U E “Gal
PUR” MEh R % 1T GGTA 1 b SRS (R 7t 2%,



WG Gal FJE R Ok G TS AL A TR . X SR A CRIS-
PR/Cas9 & 4t/ F (1 5 (Rl gm 4B e R, 3l o 7 52 4% 9 i 5
Cas9 mRNA Fll sgRNA, FiIF GGTA 1 %S 8 AN T, HARS
RTENE, YR 15 2 Fo A4 %

FORAF R R MK E 7o, . ESET AN
SR o S DR 4 L TR A A T A T T R R K
BRI, NEFREEZES . ZERER f bk K3k R
gE R ORER 14 SAT- G d ) FE DR R R Thdm i ob, Hogk 14 H
7% GGTA 1 ZEK ThRE AT CDS [X 5 8 HM . T ¥l ) F BEIA B ik
Théi%E, {H/ZHT CRISPR/Cas 9 H AR A B BR i 1“7, fEXF
B[] 5 K] 9 AT G I 4 52 350 DNA XUSE 7] IR I 24, DNA XUk
H 5185 I R A E BN NSO BRI S, 117 H
BT 14 FAT S S i R g i 45 O A e — B &S

Bt J5 ) ELISA 5 5 SR S AERIAEL, BEAHLPEIER GGTA
1SR YndE e MRS (O B B I B ) 1 Gal HilRE
IR T 41 99.96% KL b, IX—ERIGIE T R AEEF Gal
PUIR 52 GGTA 1 FE [R5, ik — 25 3 W BUARAT i 1) 1) Bk
B A B, EIBER T AR R AE S, FEGGTA 1
BRI RS SR AR T ST P Gal PL I AH G B IR
ko AERVERMR, S FT B AR R G I S IS Gal
PU SR 2 A A 52 7 J A R A U 1) Gl i Rk B 2 v T oAt
FIE 25, 1 — &5 AT T 408 1)/ R R ZEATE 2R 1Y) Gal BJE Rk
A — B, WIBAIESE T Gal HUJELE AN [F T 4% i KA B AT
TEF & B — £k

L5 WHTATIR, MW FER H CRISPR/Cas 9 R4/ T (1
LR G 4B B AR 1) 46 7 Gal LIRS T8, L GGTAL 2 8 4
IR A R D g, REOR TR DR R AE S, AR Gal
PUR i W PR & ( BT PEAK 99.96% S A | ).

T B R T PR 3 B0 2 2% JE IR Bt 1) (1) 22 5, X K FO
AR I R 4 4 e T A2 75 BE S i o Mot A% o 75 8 — 2B il A A b %
H, HHHATIESIEE T S Gal Hi5 KI5 BRI SN LLIGIE .

TEETTHR: 4w T 2 kit, BedE, A, 2. AR,
M R R FE, RWMY. BT T R E, B, WG
TRHAMLE, FIIRME A TR,

REIR: 2LFHELT “BRELMLITR (2016YFC1103203) 7 49
Koh. FIAVER B, 25 LBIEA YA FIE st B RSB ENLE R
Gt AT R AR,

FIEHZR: LFWLIMEL B, ERAAAFLETREILT RGE
Fl B AR,

HARIREIER: AR 2 T B A 52 e T A IR L3 sh M K RAF 5 T 3
PR R AIE [ MES: T3 (42) % 2017(B8)007 5 1. Firitizi
16T BRLE FHIEBHE (ETHWCE L8R GERIHERY A
B RiEM, FEohERETRATHA OF K, FHA—% AR KEEIA
YRR, IR,

NEEE: LFHMRA CLEE LRI 5 LHEMN A GHITIREE,

WEHNE: LEZNRITFERNFINF, FATREPOAN LS
SWMIEAEEE.

XERN: XFHRATLECHSREHBERAZE T AR £
L,

FFHGRENERR: X2 — B FAGRRIFE, B (it gk T T )
“Eg - AEF AL - AR 7 R F 407 3K, ESHEIANELT,
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