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[ Abstract] Objective The CRISPR/Cas9 system was utilized to generate an Apoe knockout mice model to support
further investigations of the role of Apoe in lipid metabolism and atherosclerosis. Methods Two single guide RNAs
designed for Apoe in C57BL/6] mice were co-injected with Cas9 mRNA into fertilized eggs, followed by transplantation into
ICR recipient mice to obtain F, generation mice. KO mice were identified by polymerase chain reaction (PCR) screening of
tail DNA. Apoe mRNA expression in various lissues was assessed by quantitative real-time PCR and lipid indexes were
measured in serum samples. Lipid accumulation in the inner lining of aortic vessels was detected by oil red O staining.
Results PCR and sequencing confirmed the successful construction of Apoe KO mice ( C57BL/6-Apoe™ /Nifdc). Apoe

mRNA levels were significantly reduced in the liver, brain, spleen, kidney, and lung tissues of Apoe KO homozygous mice
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(Apoe™™), as shown by reverse transcription quantitative real-time PCR. Serum total cholesterol and low-density

lipoprotein cholesterol levels were increased in Apoe™ ™ mice, and high-density lipoprotein cholesterol levels were decreased

in male Apoe™” mice. Extensive lipid plaques were observed in the inner lining of the arteries in Apoe™” mice compared

with WT mice, under normal chow consumption conditions. Conclusions This study successfully established an Apoe KO

mice model exhibiting a typical abnormal lipid metabolism phenotype with arterial lipid accumulation, even without a high-

fat diet intervention. This work provides background data for the Apoe KO mice resource and a new model for the study of

abnormal lipid metabolism.
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AEFRFIE H A JIEL T P AP X T L S 4 A e
RERIE f 2 oGt IR /K 1 T e 2
ZMPIRINEZE R R R, BREAE TR, HES
BIREOLE LMK PR s, BIsHEA
E (apolipoprotein E, Apoe) JE—F 2 & MEE A S 58
HE AL S A R 2 AR E IR B (very
low density lipoprotein , VLDL) 175 % & g #5 1 ( high
density lipoprotein, HDL) A9 ZH 8 4 , 7E A5 & 1 FIH
[ P 6 3 R P A TP S % AR . Apoe
BAE PR b A i 24 Apoe T fi 2 18 B ik 2%
B, NG S W AL 2 ™ Y g AR ILE
TE Apoe FBR/INEL R BBk RERE fL 23 F AT K R,
JE 3l Kk ok FE BE AL nY BEARBE AL, B O 1992 4
PIEDRAHITA %51 ¥ Ui i IR i 40 i 47 $0 5 A
Jih Apoe HNZ 5, R85 T Apoe )2 A
DR AR O S RE MA RS MR RS
JERGE B AL T A R F 2 R A PO BE
HOEE EEAEH , BIR Apoe JEH A FR /N BRUZE E N
SMEFIBC )iz A8 22 N S5 L aE e R A H]
BGPTSR T REAFE AR R AR, PR, AR
3Gt CRISPR/Cas9 H AR HE T Apoe FE H B /N
R (Apoe KO /INEL) , KM 43 M T Apoe X IfiL g
TR LA 375 S s ik kAR R AL 9 DO REVE T, 24 Apoe 14
Pl fie S ) LTI A 5 4 (AT AR BE R

1 HREH®

1.1 ##
1.1.1 SExshd

20 H 15 ~ 20 g B9 4 ~ 6 JEA#A SPF 2% M v
C57BL/6J /NEL,20 H 30 ~ 35 g B9 10 ~ 12 J& i
SPF Z it C57TBL/6J /NERFT 10 H 25 ~ 30 g 1Y 6
~ 8 JEIY SPF gt ICR /N B Hh kG e 52 56 sh 4 %
TRFT 28 HRAE[ SCXK ( 57)2022-0002] , 4 % F A%
BN S B W5 DR ATE 5T BT B B PR 8 P [ SYXK (30

Apoe; C5TBL/6-Apoe™ /Nifde; CRISPR/Cas9; lipid metabolism; aorta

2022-0014]), T3R5 T/ BUAR o fDRE (e Tl
I TR A RAE]D) BOKE A KK, SR
BT % 20 ~ 26 °C XN 40% ~ 70% , HE B
12 h B/12 h . A 8RR 6 A AL S e 3h 1)
RBRAEZER (PRSI () 56 2024(B) 011 %),
112 FZEF SR

mMESSAGE mMACHINE T7 % # ik # &
(AM1344) | Z 5 i 11 # n )2 X 0 & ( AM1350) |
MEGAshortscript T7 Transcription Kit ( AM1354) 1
MEGAclear Transcription Clean-Up Kit ( AM1908) #J
) F Thermo Fisher; RNeasy Mini kit ( 74104 ) g F
QIAGEN; RNA #8 Hitis 7] ( AN30307A ) . RT-PCR i
& (AM81680A ) Fl %< Ot & & PCR ik 7| &
(AM81776A ) W T TaKaRa; i 2. O ik # &
(0803A22) It T LEAGENE,

ol 5 ST ( FemtoJet 4i, Eppendorf) 5 {13
BEVEST R % (IXT71, OLYMPUS) ; %¢ )6 € & PCR Y
(LC480 T, Roche ); # % & 4 )t Ot & it
( Nanodrop2000, Thermo ) ; & ¥ i f3f i ( SM2745,
Nikon) ; ¥ 75 B85 L HL ( 3-18KS, Sigma ) ; PCR #"# {X
(K960, Heal Force); 4= H 3l 4= 1k 43 14X (7180,

HITACHI)
1.2 FiE
1.2.1  /INER Apoe Fi& PRI B 53 56 s

IR Apoe FEREN T/ 7 S Yk, & F 4
ANHNEF, 1 TR RGN B Apoe JERI 254
1E 2 S H1 3 AR F 530t 2 4> sgRNA $E47 A5,
ik CRISPR/Cas9 i B AR MR 2 51 3 54 i
TR IG (15 Apoe 2K 11 JCHEIE# B, f 2t
BEPR B IARTY
1.2.2  sgRNA RSN G B S 5%

/INER Apoe F£IK Gene ID(NCBI) ;11 816 Efi T
/INEL T 5 G2 4 {K ( Chromosome7 : 19, 430, 034-19,
433, 113, Ensembl: ENSMUSG00000002985 ) , 4 K
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Figure 1 Construction strategy of Apoe knockout mice

4518 bp, 7 11 NHSEA | Apoe-206 5 sk ALK
1408 bp , A 4 AR AR R BRI R
PRI SR AR 2 SHM R FF 3 SH R 1E N
FRIXHE, 7E2 5 H1 3 SAh e 10y L R mliit 2
A~ sgRNA S0 A, 8 32 7R 48 (3 https : // cctop. cos.
uni-heidelberg. de/ 13K 1% sgRNA JF51] (40 1 Jir
IR) o JFAE sgRNA & 11 5 i 3 [ 3 hitp . // www.
rgenome. net/ K P H J2 75 7 76 V8 TR AL A7 A, 5 I
% sgRNA A —A> HFR#L S,

F 1 sgRNA FIIME E
Table 1 sgRNA sequence information

sgRNA #1541 FIURE(5-3")

sgRNA target sequence Sequence information(5’ =3

F:TAGGTATGGAGCAAGGACTTGCTG
R:AAACCAGCAAGTCCTTGCTCCATA
F:TAGGGCAGGCCCTGAACCGCTTCT
R:AAACAGAAGCGGTTCAGGGCCTGC

sgRNA1

sgRNA2

196 e 4R K GE R G 1 Bbs T EY) pT7
JEokL SR JE FERERE AL, K H BRER 4 A TE UET T TOR R
B, A 70 P B, AT IE A 9 sgRNA J5RE A
BEARHEAT PCR 734, PCR 251495 C 5 min;95 C
30 5,55 °C 30 5,72 C 15 s, 3L 30 MEH, SN R P
LEHUS T 4 CIRAE, PCR P 3 =WIinA 2 5K A
Je/K L, 12 000 ©/min #5010 min, 3% 1§,
A 500 pl 70% B Uk 2 K, SR IE K UTTE R T 30
wL RNase free 7K H, ffi F§ MEGAshonscript T7
Transcription Kit HEATAA AN 5 , T 37%C WFE 4 h ,ﬁ?
Ji i A DNase 7 4t 20 min, f# | MEGAclear
Transcription Clean-Up Kit Ziifk /=¥y, £ ik — 2 W 4i
I REAET-80 C#H
1.2.3  Cas9 mRNA HI{RINE S

K px330 BURL AR , K Hind 1 A4 7

Y1, Bk R R B2 A 30 pL RNase free K
W, DLl = B O B AR, R T mMESSAGE
mMACHINE T7 Transcription kit #4714 ¥ %% 5% | T
37 CWFHE 2 h, 9% J5 M A DNase 744k 20 min, FHH
Poly(A) Tailing kit ke 50 min, g =R a] RNeasy
Mini kit XJ =) #1724k, P20 BN I 43247 T
-80 CHH.
1.2.4  BRGES IR

4 ~ 6 JAlkE C5TBL/6 WL/ R ECHEDN 5 5 1
B T, Pide ULAS ik B, ¥ L M, A D A T
W A2 K5 B A B, 44 3 47 19 sgRNA il Cas9
mRNA T oK [ itk IR A MR EE N sgRNA 50 ng/plL,
Cas9 mRNA 100 ng/pL, 12 000 r/min 5> 40 min,
W3 LI 2, FH A R IO A4 DA S5 AT i
TEA RS, FEAT WA BRI A S AR T IR
R 3R ,37 °C,5% CO, £53% 30 ~ 60 min, f)5
PR FL A B 2 ) B 7B N 48 B TS 4 A L]
FETIVC BREErh, BoAs Btk A/ BUR i i 3
FEHEAT R Y S S
1.2.5 SERF 9 06 E &= 3 5 S PCR ( reverse
transcription quantitative real-time PCR,RT-qPCR)

43 HL Apoe KO 4l /INR 5[] 5 7 A= 7/ )N ER
ZUHT RT-qPCR Al /1] RNAiso Plus $2HUZH 2
RNA , A RNA ¥& B 46, 5E OD,g 0/ ODogo o
K 0Dy, ./ 0Dy HOEAE 1.8 ~ 2.2 BIVE R, S
FE T cDNA J5, BL Gapdh 3 N2 % RT-qPCR 4%
AR IHHATR A BRI E . LAY 2R A 95 °C
5 min;95 °C 10 5,60 °C 30 s(40 MEH) ;95 C 15 s,
60 C 60 s, 95 C 15s, w45 5R(# ] LC480 Software
L5 A e BT AR A BB TE ] — Bt v A
3 K#EE ,RT-qPCR 51¥4n5% 2 PizR
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Figure 2 Construction process of Apoe KO mice

%2 RT-qPCR 51¥/%%
Table 2 RT-qPCR primer sequences

519 FPAURE(5-3") fEEEIRLEE/ C GC & H/% TR/ bp
Primer Sequence information(5’ =3") Tm/C GC/ % Product length/bp
Apoe F:CCGTGCTGTTGGTCACATT 58.67 52.63 o1
R:CAGGGTTGGTTGCTTTGC 57.24 55.56
F.GGTCGGTGTGAACGGATTTG 59.48 55.00
Gapdh 97
R:GAAGGGGTCGTTGATGGCAA 60. 61 55.00

1.2.6 IR0 E

AT 0.5 mg/mLL BYEF 3%, /I BURR I 5 R 48 1L
W, A MFRE 1 ~ 2 h, 7 I8 FE 708 [ 5250 03 15
3 2003, O 4 A 3h o B A RL R B
( cholesterol , Chol ) | H ¥l =5 ( triglyceride, TG ) | fi&
% IR & M [E % (low  density lipoprotein
cholesterol, LDL-C ) I = %% i Ji§ 8 11 I [ B ( high
density lipoprotein cholesterol , HDL-C ) {271 & % Il
HEAT AR HE FRAS
1.2.7 Skt e AE AR A

K /N A MO BT T A ) 65, JRR S BT T M
JE, FEor R e O NE B AT AR FER K AR T A BT Sk
HODRAIE AL O E A O BB —/ N T 4
ERHEU . WEI SE UG 43 B E S IKOT BT 4% 1Y B
H T E , [ G S5 4 I8 0 1 22 A% I8 s 8 T e
W4 Vannas 55T 5 T4 3 2 kB 10740 AL 45 A iR
I R BIKS RA M F T REAS E sk, R RIT R
F BN BT RITIF AT E . 60% S N BiR
PE20 ~ 30 s JE M RAIET O Je ik, & 4L

10 ~ 15 min, FEE A 60% 5 NEERE L 25 PR YL, 28
TR . decJ 15 148 Fo 411 BR, 0 BE 1 5 ke 1)
1.3 SitESHH

HH SPSS 23. 0 1 Graphpad 8. 0 {41401 12%
TN BRI + FRIEZE (2 = 5) B, Rk ¢
KB4, VAP < 0.05 NEGGHE X,

2 H R

2.1 Apoe KO /MNRHEIER

R 3 FroR B 0T 3 5 1Y 80 A2 K IR A% AE
R TE N, AR 30 2 F AUNR,
Wit PCR 455 R 3647 5 N AR 5 & AR
FVRE 4B R, 3 80kt & A B HL SR (& 3A)
XF PCR F=¥ 47 Sanger M, 5 HE bR/ 4350 K
25 (METE, iR 934 bp), 13 5 (HEYE, BiER 773
bp) ,18 5 (HEVE, Bl 603 bp) , 21 5 (HEVE, w5
437 bp) ,27 5 (MEME, BiBR 721 bp) (K 3B ~ 3G),
45 CRISPR/ Cas9 1) TAEJF I — 237 PAM 75

3 Apoe KO /N 1 i 72

Table 3 Procedures for acquisition of Apoe KO mice

oz JERG R AEEL A HAE /NS R PSR B /N B KR R i BH /N R A R
- Number of embryos Number of born Number of knock-out positive Number of positive mice
Stain . . .
transferred/numbers mice/numbers mice/numbers was screened/numbers
C57BL/6] 80 30 5 2
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Del-934 bp Del-773 bp  Del-603 bp Del-437 bp Del-721 bp

B ggggtt..aagacaatt..gacaggtatggagcaaggacttgctgt...atggetta...tgaaccgcttetgggattacctgegetgggtycag.. tecagetettt. tttagecttct

G600TT A kerrer No.02 Del-934 bp
L PP rocac--tecascrerrr--rrrascerrer No.13 Del-773 bp
GGOTT " AAGACAATT--GACAGGTATGGAGCAAGGACTTdEammm e e oo 6CTTCTGOOATTACCTGCOCT06TGCAG - TecAGETETTT-TTTAsceTTeT NO.18 Del-603 bp
GGGOTT  *AAGACAATT -~ GATTACCTGCOCTGOTOCAG - TeCAGCTCTTT--TTTAcccTTeT NO.21 Del-437 bp
GBBOTT - AAGACAATT...0ACA (e e S S S S SE) krerrr..rrrascerrer No.27 Del-721 bp

C «—— Apoe5’ Apoe 3

G G o G G G o G G G G G G

D | «—  Apoe5’

G G G G G

Apoe3y® ————>

GCTTCTGGGATTACCT G

F ‘<7 Apoe 5’

G G G G G GG G G G GG G

G

No.27 Del-721 bp

A PCR %5E Fy A0/NRUIE IR B AR B0 517 K/IN : 1147 by, B BER/N 3114 934 bp, 773 bp,603 bp,437 bp, 721 bp; B Fy {A/MEL
WP AT ;C ~ G5 K Fy 48 Apoe KO /N Sanger 714 5
B 3  Apoe KO /)N Jii 1k
Note. A. F, generation mice genotypes were identified by PCR. Size of wild-type band was 1147 bp, and the size of knockout band was 934 bp,
773 bp, 603 bp, 677 bp, 721 bp. B. Sequencing comparison of F, generation mice. C ~ G. Sanger sequencing peak result of Fy positive Apoe
KO mice.
Figure 3 Screening of Apoe KO mice
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UFRERS 3 NIRRT BT R, DR AR A PR 4% sgRNA
AT LA B AR r bR 25 2 605 bp, DL #BR /N R
HAE B b BEBhE . Z R B F o 2 B, A PH A /N B
R 3 I S o BOHE T LR 3 B A B
RBRE/NER L, 2R T A 13 S 21 5
PR /ISR T4 % AT il T 21 5 FE /N R

oD x &

MR ‘ TR

E, WT

WHE x A
ARBAME A B ARBAME A R
F, Apoe - F, Apoe -

ZAmEAE S R
F, Apoe™

TE:A: Apoe KO /MR ZERIHEME ;B F, fU/NEL PCR %8 /N AR R B,

17528, ¥ 21 5 F, AU B A BN RSB, 3R
5 F, /N, 38 3d PCR fifiBE ) Apoe KO Z44A /N
(Apoe™ ™) (F 4A) , wfmiad F, R4 E&/MRA R
IR F, 18 Apoe KO i1/ (Apoe™ ™) , PCR 4553
WA 4B firoR, BFA B S5 KN R 1147 bp, mR B
A K/NR 677 b,

1114 bp

677 bp

B4 Apoe KO 4li&/NREIE S 5w
Note. A. Reproductive strategy of Apoe KO mice. B. Genotyping were identified by PCR of F, generation mice.

Figure 4 Reproduction and identification of Apoe™” mice

2.2 Apoe mRNA X FRIE=ERT

H T AR BRECR 1 Apoe SERAYER 2 5415
TR 3 S Tt L RS9, # A RT-qPCR
Kl 3 ~ 4 F /N BRAZUH ) Apoe mRNA ik K
LN S R, 5B AE RN A H, Apoe KO 464
ANERER T L i B AR ik 4H 2 R Y Apoe mRNA &
IRTK B RRA, L A6 I &) Apoe mRNA )3
ik, 3K F B Apoe 3L K Bk BT LB, R34S T Apoe
KO Zli5/Ml.
2.3 /MRMAERETHEZH

IR 3 ~ 4 JF /N BRI A5 T i B £
(R AR, 25 A0 1E 6 iR, B8R Apoe KO 44 /N
A4 H 3 = R K S B A LN BG4 5 (HLEH
[ K 2 T, TR T LDL-C 5 HDL-C,
KB Apoe KO #lif5 /NI H Y LDL-C & T+,
{H HDL-C 345 & 3 7254k, i — 2 B & 3, Apoe
KO 2l HetE /N B I % HDL-C i 35 ARG i i
INRICEE M2 S . X R Apoe JEPH 2x5% mi il A
AR, I B /N B B K
2.4 INREFBKMERAERRE

fifEE) 3 ~ 4 AR/, AT O Jea H ik
M4, G0 7A B, B AR RN B 32 30 bk i 45 i
W, TCATATIM AT O PHAERR B BEH 1 5] # 1Y Apoe

C LN

3 Apoe KO4E#5 /N R,
WT mice

Apoe’ mice
* % % *% *k
1.0
0.5+
0.0= T T T
ks JiR Jii

1
s K
Kidney Lung Brian

Apoe mRNAM XS K IA &
Relative Apoe mRNA expression

0k

Liver  Spleen
0 5 ARUNEAAL, ™ P < 0.01, (FEIR)
B 5 Apoe KO i/ Apoe mRNA 3Rk
IKF(x +s,n = 4)
Note. Compared with WT mice, ™ P < 0.01. ( The same
in the following figures)
Figure 5 Apoe mRNA expression levels in

Apoe”” mice(x + s,n = 4)

KO 45 /INERA 3l Bk RE R 35 A T4l O Yt PHM:
AR IR BB, ANl TA #i kBT 45, Apoe KO 2l 5
AN FEBIIKS | 1% 3E 3 CORN 48 28 SRR 43 A
LN BTBEE R %r B AR RN B Apoe = BR 2H /)N
FUPTHEL O Yt FHE B Ge it R I, —H A HE
WEEZES(ETB), X eegh RL IR 7% A &
RE TR 5 R, Apoe KO 45 /NRAES ~ 4 A
5 P B A S R 805 T2 13 530 B ok ok A R ) AR A
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1.5 15 wx
2
e
£=
£ 3
= %D 1.0
& ;55;4
EF =5
i =05
&
=
D F
=
E S
e Ei
E3 :
= £ S
5 E Q
23 2
s 2 =
=g 2
Al =
b I
=

FE A TG K P HHE ;B2 Chol /K HL4K; C: LDL-C /K H#8 5 D HDL-C /K HOE 5 F 2 itk FIDL-C /K7 o488 F 2 itk FIDL-C /K i s 5 7
AT/NRAALE, © P < 0.05,

6 3 ~ 4 JI#% Apoe KO gliG/NR 5 RIS EFAEAVNRIMAS AL (2 £ 5s,n = 5)
Note. A. Comparison of TG levels. B. Comparison of Chol level. C. Comparison of LDL-C levels. D. Comparison of HDL-C levels. E.
Comparison of HDL-C levels in male mice. F. Comparison of HDL-C levels in famale mice. Compared with WT mice, * P < 0. 05.

Figure 6 Comparison of serum lipid levels between Apoe™” mice and WT mice at 3 ~ 4 months age(X + s,n = 5)

15

WT mice

*k

= B 0 T T
g & &
) S S
IS %7 & LR
& &S
@ v
SHENY

TE: A ESIARTBIMEAL O B (0 %73k M4l O PSR BEH; B EFIKIEINEL O BIPES: BB et
7 Apoe KO #lif /NS B AR AL/ NEUILAR SN IAREINLL O Je(x = 5s,n = 5)
Note. A. Oil red O staining of aorta root. Arrow. Oil red O positive staining plaque. B. Statistical analysis of aorta oil red O positive staining plaque.

Figure 7 Oil red O staining of aorta root of Apoe™” mice and WT mice(% = s,n = 5)
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(A
NP 55 2k TR T e 2 VIAH G, B 53 S 1R 19 3y
REJE A Ak A Bh 2 40 ) T B 4%l 3 R
L A R TR P e R AR TR AN AN A B oo
S P ALY T L | b S B 5% L PR Ty BB 9 1k ik
A 3 PR 4 i A /0N BRORR R )32 I T 22 Rl
A, T /NS A 90% R FE A | A It s g
B IIBRERTLIZEHE R NS 1Y Apoe —Fh £
DIREEE 1 A i A 25 11 0% 2H 53 76 B 5T i i v ke
FHHEEEMY AT R, 8 1 I 40 ) U
FAFEE T AR 1R B2 Apoe /N BUHE B Tk A 15 22
W04 A R SRR AL R AR

CRISPR/ Cas9 FE [ 4t 5 AR J2 38 5 sgRNA 5|
SRR H AR N P AR O S TR RS
Pl 20 AL HAPF S R N i RS, 1
AT o i B 6 2% sgRNA BEf% T 00 o B o7 7
DI R BRI, it B B A7 o5 Hp 1] DX 38 B 1 i 2k
FHLE T H— sgRNA fg 18 52 90 = 19 # BRAICR DL &
Al IR PCR MNP0t F, 18
R BHE R /N B, — B B A5 5 TR 1A sgRNA Tl
B v BN /N B HEBR f R B KNk 3 Y
B /R, TR B 24 By AN BB 5, L
TRUERBRE Y B2 1w /D BUBREAA, B T PR /N B
FEY S AR 3, v LA Se % B e /N BRAE R
Fo UM TEABIGE Y BE8E T 437 bp R BeiBRmy
21 5 Fy /NI, 78 F, RIFAFLE5 1Y Apoe
KO /N, F 5T 2B, Apoe TE LA H LU h 84 i
Fik  HoP P42 Apoe 8 B T84 N 510,
1 RT-qPCR A2 2] Apoe mRNA 7887 A= /N R A9
JH BB i B RO i 38 U AR I i R A e,
52 RIS R — 2, 1 AR Apoe JEH 4G T
/NI LU LF KA 2 Apoe mRNA F 23K | X IE
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