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[ Abstract]  Animal models are widely used to study the pathogenesis of diseases and the safety, efficacy, and
mechanisms of drug treatments. The selection and preparation of animal models that conform to the law of disease incidence
are the basis and premise of experimental research. Diabetes macroangiopathy is characterized by extensive and rapidly
progressing atherosclerosis of vascular walls. Mice are the most widely used experimental animals in atherosclerosis research.
On the basis of the current research information and in accordance with the characteristics of type 1 and 2 diabetes, the
development of diabetic atherosclerotic plaques, and the current monitoring technologies, this article systematically reviews
diabetic atherosclerosis mouse models.
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1 AU JRI% (type 1 diabetes mellitus, TIDM ) /&
— AP LU & 2K o0 WA 2 3o ik = O EER BLAY I 1 A
B gt A B E M sEmm . S
B A THERE IR A2 TIDM JBE ) 2 43 W4 Xt i = 1
MBS TH 5 0 S B, 2 BUME IR % (type 2 diabetes
mellitus, T2DM ) 4% & o L oA 22 PR 2R 75 5 11 J
B Z WL (insulin resistance, IR ) F1 i 55 & 49 W6
A FRIE T2DM O A KEL I 1. 144 4207 J
Hh 2y 50%%%/\3?7(@”&53”* T*ﬁﬁ(fﬁﬂg%‘
Hh, PRt A AR ﬁ&%%ti%ﬁﬁ%~
T5%"7 o BRI RIS 78 AR 1 o 2 TRy 3
Jik kiR R £, (atherosclerosis, AS) , 4 R 9 i ik 51 fik
SRERE Ak K BE AN AR S R i IR | I I
LA ST HEAE S5 4R DR s 20 ok ok A A Ak 1) 7 6 PR
F (EHXE PR 3 Jbk ok A A58 Ak 1) B pk BT iR E
AN

WE 505 PR o 2l ok o5 B B 4 1Y 2 P B B 5
e S A RS NEL R BREE S R AR
AT LA A2 B R Bl bk ok A B A 2 5 AR 1Y) 1T
ARSI B W), A5 H T S R | R SR AR i HfE D
T NS N 2 S R AL A L, 3R R
95 %% M) 6 1 5 g A 35 PR RE AR DL 2 T 1) g
PR FRARAE S AR M REAE Bl A R R TR
AR A, W 17 2 2l ) 02 W PR 14 0 BF 5 v
dre ] B2 A B%ﬁ?i*ﬂ?%iﬁﬂ’]ﬁ]%ﬁ*”mo 13
ok sk e A O RIS b N RO B e 2 )T
ZRIEh R AR SRR RS B Ik o R B A /N
UL A28 A 2% FRR A SO OGS B BR AT
TEHIBIR,

1 NZEHERR Sk RE L HHE

AL AN RARE BB LR AR B AR TS
Jr 2 Rz AT BB A TR 2R A O N SR R 1)
W, EIfFEE TIDM Fl T2DM Ay 5 B4R E | & 1
BEE o 168 W 3 1 TR A5 R ) O R DDA A ¢
7= (advanced glycation end-products, AGEs) , AGEs
5 HAZIK (receptor for AGE , RAGE) fAH B4 HH 8K 51
RAE/ BACNLHGEAE , T 51 A 535 2 A0 1 7 45
A3t v W 34 58 2o 5 e — AL BB T 3 (nitric
oxide synthase enzyme3, NOS3 ) fif {4 K 7 25 48 £k i
P, AR — AL A (mitrix oxide, NO) A=A HBE , 5t
H M P B RE T I BE S OB AR RE AL, A
RS MU N AT 5 T A B, B0 o 4 ) B G Y

W PRI R ATSRAT 50% 1 E) A F i MBRIR A
BIRARS  URE  3X SBEE S 45 M I Ae 2
Y& B, JE 8T 1Y (8] BR P = LA (transient intermittent
hyperglycemia, TIH ) i i:f {1 7 156 £E A5 | B 54 20
Jifs 22 DT st St K R A AL

BEIR 95 K 2 AE Bl & DL H 3 =R (wiglyceride,
TG) Ft i . 55 % FE g & [ (high density lipoprotein,
HDL) B# AR AIE % B2 HE 2 11 (low density lipoprotein ,
LDL) Z5 4 U280 A S, S B ™ 1Y 3l
FRIGRERE AL AR 7 I AR I I T R R R B
/N2 B IR %5 FE g &5 A UKL (small dense LDL,
sdLDL) 5 3 Jok o#5 ¢ B8 AL TE fin %5 010, 76 3% MR AR AR
AR, LDL B 48 A0k S8 A IR BE AR 2 (oxidizedlow-
density lipoprotein,oxLDL) ., oxLDL il it 5 I 441 ffd 3
TERSZAR, DU T B W 41 B P93, T2 nl 2l Ikt #F i
PRRF S R AN ™ i A8 PO BT 6 U 40 T B
BN I I KJJHM*@#EE%?%H%%O NEHEIR
9 ) K R A AR A PP e 2 B — s A A L B
IR M TR AR A IO AR, 2 Bk I A8 BE R 7 2R 80K
B B 7 PN 2 200 B RS- T L 200 P ) ol 2T 4 4
JHE0 55 ) i 200 L 2 3 A1 5 ST 4 200 i 5 T J5i 240 A
LRYEpEPe, B W IR B AR O — DT iUk FE B
B o 15 20 Joe , BXE RN R A 1 L IRBE A5 AL SR R
BIRZE  RAETRIA | I TR A8 A | 21 4E0E 22
JE S Jk oA A REE Al SRE He AN FE i P ol B e e 4 it A%
(e SNV 22 =8 RN L K= G

2 NS ANZEHERR S B KRR L By
=57

AN T k= B E R E 2 REA
Sk ok FF B8 AL LR 4 VR B0 % B2 IR A H1 (Chigh
density lipoprotein, HDL) 7K F-F &1, (i AR Z 5 & A4
Sk RERE AL AR B, ol FH AR 2R AR
1 E (apolipoprotein E, ApoE ) i f& %% & 5 2 1 32 1K
(low-density lipoprotein receptor, LDLR ) & A L1 575 %p
ANEUSE TR IR A ARRAE | M 2 57 /) B 3l fik
SRAERE ALY . ApoE B[RRI (ApoE ™) /MR B
HE B A v I ILAE , 5 B A RN BURR L, G i IR
[ T 25 %5200, 3l Ik ok B 08 1k 3 e s T 5
S = SR (high-fat diet, HFD) B23% 10 ~ 14
%Niﬁ%iwﬁﬂE%M%%%&ﬂgﬁ
ApoE ™" /NERE AU AH e, LDLR 1% (LDLR ™) /N ER
F TR B 3 S 1o N 26 T P o M [ T oL A, LB
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2o F I E SR B AR

AN R TR T 2 A SE g 4 18
(AT 5 NS PR R A A A 25 57 . LRI
TCRENS 5E 4= 1 BN S Bl ok ol A 468 A 4 14 58 5 30
PIREAL N2 5 /N BUTE S 0 20 Jk o AR T Ao
(1 LA R 00 R 0 3 0 A 5 AT AE 22 5, N6
SR REAE A 3 B A e IR B K | sl ik A o A
A T/ B 0 Ik o A B A A £ 3 ke A T
Sk EBIK S , AR Bl KR AR A 1Bl kot
BEALBES S, 55 NS G, SRR e AL /)N B i
PN JRAE TG, S 1) AR IR T AR A S AT B
ShpkoREEREAL I . e AR, /D Rl A 2 i
B H AP 2L | M L SO XS S i A
FF,

3 PERRAEBNAKHFTE R/ RARE

3.1 TIDM ZhEKMHERE L/ RIS

ApoE™ /N BUBR & ) 8 Ik A W OR
( streptozotocin, STZ) i TIDM 3j JJk 5 # A 1k,
STZ & — Bk B A 85 K, il ik #j 49 M iz a1 2
(glucose transporter 2, GLUT-2) #t A Jf- W IRk 5% B
24, AT 53085 IBE 2 . 72 ApoE ™ /MR R
ZUARG & STZ TS (40 mg/ (kg-d) , BK 1K, %
25 d) 15 TSRS RS FE =z X RO UL
ARG B STZ 1755 1Y fen IUMH ASE Y B 2 3w N 2 Jige
BZEZ M TIDM ™ X JE B GLIT-2 BTE /)
B b Bz AR 20 b R 5k, KGRI B STZ 5 AT RE
SRBUF B RIVERE

STZ 75 T M B% IR ApoE ™™ /N U B J2: AF 5%
TIDM 2l ik i 8 B8 10 1) 1 BEAR A 55 3R M PR s
/NEURA L STZ 53 A RS ApoE ™™ /)N FUIH [f it
2 4%,10 ~ 20 A SEHE B I 3 ~ 6 4%, FF1E
F ke Sz FFE 3k 5 L¢3 BB O A8 5 Bl
Jei , B8 S KA 32 20 ik XS rT ISR B AR . SR
1M, STZ 75 F WA IR ApoE ™ /I B 2 4% 271 i | 3
BV IM AR ( conjugated linoleic acid , CLA) S5HT 8l ko8
FERE AL IR AU

W BRI B JDk oS A B A 1Y) 5 — SRR 2 e A
/IN BRI a5t A R AIE DR JHE 20 v [ 340 D 6 ( aldose
reductase , AR ) FEiE /K- BAIG, X o MBS 19 18 3 A HK
PUA7, IR ZE S Hh IR R sh Kk R R AL ohy
TS A E X Bl Jhk ok A R Ak 1Y DT RRFR B2, AR STZ
P EHEIRAG 1 ApoE ™™ /IN Bl rprisk 38 TR A8 it ity

(human aldose reductase, hAR) , i 1 5] 2 PN K2 2 it
T RE BERT i 3 3h ok RERE AL 1 e A= 0 L HE STZ 5
SHEIRIG ) LDLR /N th i %35 hAR, 55 STZ 5
SBEIRAY LDLR /N AH B, LDLR ™~ (hAR) /MR
SRR RERE AL A8 KNI 2 F5 00 TR I i AR R
T8 FH TS v W S AR W A % s 3 ik o A e £k rh
FIVE I B AL

P R 2 2 SR e R AR L SR AR Y A
%M TIDM #k /MBS ApoE™ ™ 5% LDLR ™™ /) Bl 4%
A Akita ApoE ™™ B Akita LDLR ™™ /NEUEHFSE
TIDM Bk sk A A 1) 7 — A~ BRAEBI AL . #E Akita
ApoE” B¢ Akita LDLR™™ /N, 4 ~ 5 J& H
TIDM, JJH [ s A0 e H 3l =g 2 T 5, 25 i 3 ik
SR RERE AL A N2 3 A5 FLBEPE /IS B LG
/N BRI A R A5 O e D B i o A
T L8 o5 3 72 38 057 8 R AT R 1 38 i A 56
U, RIS ) 22 5 5 3 ks A B Ak G R i R4
PR,

fifiF C57BL/6] ¥ 5 1) LDLR ™/ R 5 #5717
Ins2 JE A ( Cys96Tyr) & P 28 428 /Y #k 1 /N B
(Ins2™) 428 7= A ns2 ™M PN, /RSB 5
N RS RN AR AE (1) 224~ e A 338 S, Hh 8™ H
I 7 2 AR S ek 2 453 R s IR . 2 koS A B Ak
A 20 JEIE i /N B3R o0 bk sh Ik ke A 1 A T
TN 224% , WEVE/N BRIE TN 30% , )26 5% T1IDM 3
kS RERE AL o0 A Rk A Sh R Y

AERE BEHE JK 9% ( non obese diabetic, NOD) /)N ),
AETU S TIDM & 95 v 5C B 1 35 4% 0 20 355 I
E,ETIDMAFRPEE T+ EENE L H
THEFEH B % 15 s fE sh Bk ARk i PE
7E NOD /N REER ApoE 5% LDLR JE[H | AT il 45
‘f NOD ApoE™” A1 NOD LDLR™ /)M [, NOD
ApoE ™5 NOD LDLR ™ /N {2 B i 35 JIE I | 2
S BAAZ A0 AR A R AR TR 2 DL B Bl Ik oS A
{12 UM ApoE ™" 5 LDLR ™™ & P 5 % AH
I, 76 HED M2 3% NOD /N B P B E BB ApoE ™~
I LDLR ™™ 3 K /N B2 B0 o 7™ o 14 30 ik s R
PR AR 0T e P Y v /N B 3= 3 bk R B R i 4
INT 60% LA E 3R RH 2 P 56 IR 2l bk ok A A Ak A
O WLEEFE 5] B £ A M 5 1 R R 3 B O e . B3
FHEIE A B G5 5 T 1Y 7™ 58 DR S 3h bk of B A
fEIs Az

STZ J& W PRI 1 B 245 570, AL )32 T b
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PRI 14855 A2 sh Wy i A% 5, TEfd ] STZ i =
T2DM s 38 0 00 Bk e 588 Tt T e AP 3 e
B 2 ok FE 401, DT i 5 B % 3R 5k = (1) T2DM A5
AU HRR SR AR E B OB, B4 L T e 45
K2 60%" A HFD M2 3% 1 /N B b 4l ] 0 &
STZ figif5'5 IR 19 T2DM #AY 3 2 H T iF 5% A8
BH PRI & I8 HABR, TR, STZ AR E

AN ) T, 7 filE FH I S S0 o6 STZ 547 B IR 28 o
VAR 15 ~ 20 min, JFAE S min P58 B
HR, STZ H A SO M, 76 4 FH Bk 52 36 N 53 1 7
By, fJa, MEvE s Xt STZ AU, 78 {d F STZ
ﬁﬁﬂ%ﬁiﬁﬁﬂ%ﬂm‘rjﬁﬁﬁﬁﬁiuE’\Jtﬁ‘iz‘m% 0]
AFEH B STZ W7, R 13X 2 i T B
RIEH, Wk 1,

R 1 TIDM KA RERE AL /N B B4R AR

Table 1 Characteristics of the TIDM mouse model of early atherosclerosis

AL Jrik 7Sy Fi P iy
Model type Methods Diet Characteristic Advantages Disadvantages
4 TIDM SR HFFIE ; AR TH =
ApoE™ /Nl + STZ (40 24%;10 ~ 20 BT BEHOE K . ),
- o AN I TIDM & 3
ApoE™ /) me/kg) 1 d — K, 3 SR TE 3 ~ 6 B TIDM 5
) ) i 2k J%
Fl (2428 5554d EHRE Accord with that characteristics :jj HI]; Z’?{@ FE 41%: ?T?ﬂ%j:??zsﬁi“
Ang'/ - ApOE_/ - mice were  Normal diet of TIDM; Blood lipid increased ;tllr:; li()z:lerusis early i;l‘?:rr\lzselnlt‘iﬁnn e
micel24-28] injected with STZ (40 mg/ by 2 times; Plaque shape at 10 of TIDM
kg) once a day for 5 d ~ 20 weeks Increase by 3 ~
6 times
£ ApoE @ ( ApoE™ s e g
%E"%%Lk_l?h(mpi ST; . I P LB e
ApoE"~ (AR ) (50 me/ke) 1 d ik . i Fi4 TIDM $RAE; PR @5 MR I A9 TIDM B0 3h  WEREE I i 0 40 A
- 0 mg/kg : it 5 S RERE A Wk REBE f; 5K AF R 2
N Zeht 5 d
- - Meet the characteristics of Early Distribution of

ApoE™~(hAR)

micel?")

LDLR™™ ( hAR)
ANER]

LDLR ™~

(hAR) mice'?!

Akita ApoE™™ B
Akita  LDLR™~
SN [32733)

Akita ApoE™" or
Akita

LDLR ™~

micel 3273

Ins2AkitaLDLR ™~

VR34
Ins2AkitaLDLR 7~
micel !

NOD ApoFf/’
LDLR™”™ - /i
K [36] NOD
ApoE™~

LDLR ™~ mice!3¢

Expressing hAR in the
context of ApoE knockout
+ STZ (50 mg/kg) was
injected once a day for 5 d
C57BL/6 5 5t T 1Y
(hAR) 5 B /N B
LDLR ™~ /NELZ% 3¢, STZ
(50 mg/kg) 1 d — ¥, i
25d)

(hAR ) transgenic mice
hybridized with LDLR™~
mice under C57BL/6
background STZ (50 mg/
kg) once a day for 5 d

TIDM Akita ( Bk 1) /) B
‘ﬁ ApoE*/*g‘z LDLR™" /)

TlDM Akita mice
hybridize with ApoE ™~ or
LDLR ™" mice

LDLR ™~ /N 5471 Ins2
FHH (Cys96Tyr) H i Pk
® WM K H DN R
( Ins2Akita ) 7% %
LDLR™~ mice were
crossed with Akita ( Ins2
Akita) carrying dominant
mutation in

(Cys96Tyr)

InS2  gene

NOD /]y fl v XU i R
ApoE Al LDLR 2t A
Double knockout of ApoE
and LDLR
NOD mice

genes  in

e B (%
0. 15% IH [ %)
e

High cholesterol
diet ( containing
0. 15%

cholesterol )

7§ 5 ik & (0.
15% JB [ B+

20%JC 7K A-175 )
Western diet
(0.15%
cholesterol +
20% anhydrous
milk)

fRIAE

ngh fat diet

AR
High-fat diet

TIDM; With hyperlipidemia;
Acceleration of atherosclerosis

T4 TIDM RRAE 5 £ 5 AR i
S SR ; 400 0 3 2 K oK
ffifk

Accord with characteristic of
T1DM ; With hyperlipidemia and
inflammation ; Early acceleration
of atherosclerosis

4 ~ 5 JH A% T1DM;5 J 3k
SRR A G N2 3 A% B
Spontaneous TIDM in 4 ~ 5
weeks; Atherosclerosis
increased about 3 times in 5
weeks ; Male prominence

R LM | AL 5 3k
of B BE Ak HE R S R R
Severe  hyperglycemia  and
Rapidly

progresses of atherosclerosis

elevated blood lipids;

JBe SRR IR 7RG I ILE 2 B
JoRskAE B A 5 2 3 PR A, B

Z.LUESE
Islet destruction
hyperlipidemia ; Severe

atherosclerosis aortic; Stenosis

and myocardial infarction

atherosclerosisof
T1DM
by hyperglycemia

induced

R4 s 1w 5] A
9 TIDM ] 5h
Jik ok AR Ak

Early
atherosclerosis  of
TIDM induced by
simulated
hyperglycemia

P 22 55 5 30 ik
SHIRE 58 Ak AH OGPk
Y R 4 30 4 A5
A good  animal
model of gender
difference

and atherosclerosis

i+ 0 L 5 B e
Bl o A L R
pag et

A good model of
atherosclerosis
accelerated by high
glucose and

high fat

HEREF =T
FH ™ E Bk
R B Ak s A
Severe
atherosclerosis  in
autoimmune
background

aldose reductase is
different from human

WA D I P 93 A
H5ANEKFEER
Distribution of
aldose reductase is
different from human

WEPE/IN BBl K ok e
T Ak 5 48 N %%
Atherosclerosis  in
female  mice is
not obvious

EPE/IN B 3l K 5 A
T Ak 95 728 A 58
Atherosclerosis in
female  mice is
not obvious

PRS0 A
Complex operation;
high cost
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3.2 T2DM ZhEKMSHEREL /NRAREY

T2DM [YRAE AR 8 ZR BT | o 1B 5 28 IMAE | &
MOEFNIMG ZEHL . PR ALS AL L [R5 2 OB R
(&A=, R st A% R (0175 5 2 1l 45 T2DM 3l Jikooks
FERE AL AR () 8B )y vk . T2DM ik RE il AL F 5T
i H L 1) Bl 4 155 2 98 2R (ob/ob ) FE R 32 4K
(db/db) 2l F R 2248 /NR 5 ApoE ™" 8¢ LDLR ™~
INELZRAZ PE A2 Y ob/ob ApoE ™ /INEL .ob/ob LDLR ™~
/NELLL B db/db ApoE™ " /NER .db/db LDLR™ /MR,
W& B, db/db ApoE ™ /NELTE 20 F 5 94k &
B v O | R R AUAE | IR S T2DM A
FEOE , BB RERE AL BE b i 3 ~ 4 £57°Y, 522
FHIZ ,ob/ob ApoE ™ /N RN 3k KL i s 4% 80
B B, BEHE A SR ) RS T B T

I 38 T 5 H 10 408 6 = IOH T 300 ok o4 A e £

S, AT RS NS T2DM BRI, B
3F N\ 5 ob/ob ApoE_/_ll\ﬁ .ob/ob LDLR” /NR 5
ApoB '™ /IN B (R 2 3K B BT /0N BRI A
ApoB-48 FE[H ) Z4 22, #14% Ob/Ob ApoE_/_ ApoB'OU/'OO
/INEUFIT ob/ob LDLR™™ ApoB'™'/INEL, LA [ P Fh/)N
SR B L AT b R B ZEHR AT | 3l ok o A T 0 =g
FEMO AR A T T2DM AR 255 A8 K 3h ko
FERE AL SZ I (A5 , AT BIFST 4 db/db /N
W5 2 RO PRI Sk ski R AL . 7 JE#E db/db /N R
NIRRT 1 8 JR e B A A PN g A | e
JEL AR B Bk ok RE AR AL R AR 8 JEIE db/db /)N
FRTE i AR LR 5% 16 JAJS, 80% 1Y db/db /N R 4
PRI A5 B3 457, 30 Ik B8 R R Ak BE e 7 35 1 R AT Gk
26 098 + 7486 um” ' 5 bR KL 5 AR /N UM
I, db/db /NRIEZE 5 48645, JF H AN A B 0 2 B
T TR G0 PR 9 i 4506 A8 b i 16 B PR
Jo PR O A 72 5 PR s I 4 s A F 5 4R R
ZAEH

3 — PRI T2DM FACIZE A AR S 3l ik
PRIRE BE AL B ApoE™ /NEU S BB R Z KR Y
(IRS) A B2 /N FR 24 28 72 HE ) ApoE ™™ TRS1*77 /)y
FL ApoE ™™ IRS2* /IR ApoE™ ™ IRS27 /ML, iX
SN FRULE IR 58 B S I Al b 3 0 A R AK
PU e TR 2 IUAE | v 0B W £ 52 450 R 3 Jok ok A
TR ) R  E AT RS &
ILAE | 755 I 30 Fik ok R R Ak 52 i K2 AH 56 25 91
F14)3E FAR R

1 2 W DR R R R IBR (GKTT) /N L2 F 5T

T2DM I 445 ] B0 R Sh I8y, 78 T2DM ] T
WFE e MWE TR S8 52 450 5 | S 1Y 20 DK ok A0 A A i sk
HERE . ¥ ApoE” /MRS GK™ /N AR 7 A 1Y
ApoE™"GK" /N, TE4 T mi IR IKE (HFD ) SR 1Y
ZMF ApoE™ " GK* /N BB K5 ApoE™ /)
W3S T B )7 = T i 7 S M S
XS TS T2DM i MU Sl ik sk e At AL 5 v
L2+ U FH AL A AR

APOE * 3-Leiden ( E3L) /)N A2 A58 X 2175 5
%) e A L 60 50 ok ok B R AL 1 R AP Sh AR, Ry
TRV RN = R [ BT 3 Ik ok R R Ak 1 5 e A
FFEW E3L /MRS GK /NS 4 E3L/GK™
ANEL, TR FIRBFSE T E3L/GK® /I BRI s H il
=N TR A W 2 T i Sl ook AR At 1 g A g
T 2.2 %5 E3L/GKT /N RS AR 25 A fiE
AR R 3 ik ok 1 B8 Ak 1) 7 BY Sh R B Il o, 38
A LU 7S HFD TR, 5 5 e & 3R HRPUOR BF 5T
T2DM ik HFERE AL . ApoE™ 5 LDLR™™ /MU &
HFD MRS F g U s 1B 5 3 LA | o H il =
TG LA 1 A EZ B . A e R K
FHRESAIN 0. 15% JB [#] 15 K SR o BE 3 3 bk o83
R A i J

T — Rl A ] EL AR B AR A A B e B e T
db/db /N 5 AAV8-PCSK9-D377Y (—Fifig
fieiff LDLR F#ff (1) PCSKO DHRENA 25 28 A8 1A ) 1 By
V2 T LA 5™ T 0 0 728 A v L [T P Iff R A1 2y
JK KRR AL, o — b () BIF 50 B s 2l Ik s A Bt Ak
A IR T /0 BB ALY BB PRI KK /N BLL &
HHR AN R (Ay) B 3] KK N R A4
1 KK-Ay /N 30 H g o e 5 R AR 4P 4R
I T R L 1 4 T 503005 9 30 4] 58] ( plasminogen
activator inhibitor, PAT) 4 &1, 7 4 H b £ 8
BN KBRS FEE Tk 5 2% | 7T A A4 bR s 20 Bk ok A
PEFIIRERL 0 5 — IR g 7 RIS Y KK-Ay
/NETE HFD GalRHR SR 8 Ja s, A BHLIL I S A% 2
AL H 1 (monocyte chemoattractant protein-1, MCP-
1) I A 20 B A B 431 1 (vascular cellular adhesion
molecule-1, VCAM-1) /K3 = , 3l JJk s ¢ B 1 7 Fl
PR ORISR ko R Rk 2
TR,

3R TIDM H1 T2DM Sl ik ok R AL /)y U AY B
AW R PN e DI RE B A | ARV I8 RAE | N A J5
SEREHOE R A2 A w2 31 1 UL AR A T



Fp [ S2E S AR 2023 4FE 9 H A 31 55 9] Acta Lab Anim Sci Sin, September 2023, Vol. 31, No. 9 1199

¥ ETHENRIE AF PSR A2 DN, 0P 5T IR sk ok RE AR AL fiT S0 BEAR AR A AL A2y
BRI SRR AL AT A B S B nT T IR e PR e, W 2

F 2 T2DM FHHS KRR AL /)N BT ERAE

Table 2 Characteristics of the T2DM mouse model of early atherosclerosis

FEARIZE 5] i R s PEH AR
Model type Methods Diet Characteristic Advantages Disadvantages
TEH BB 20 SR R B
JERZAK (db/db) T2DM S RIFRAE ; 3 Ik o8 4 8 1
dbzdb ApoE”" B B b BH : TN ARV R, Skl e SR T2DM 3l ik o8 -
i ke 3 s P2 B 2
AN Apob ez IR e i g G IR
db/db Leptin receptor . In the noemal diet for 20 weeks, it Typical T2DM M
- . Normal diet or . - . Hyperlipidemia ;
ApoE 4 (db/db ) deficient tern diet showed typical characteristics of  atherosclerosis Hieh cost
micel38] mice hybridized with western @i T2DM; accelerated atherosclerosis; ~ mouse model 187 co8
ApoE™" mice In western diet, atherosclerosis is
further accelerated
ob/ob ApoE ™" /IN B 3 ik 3 4 i
FE IR B4 805 ApoE™ " /N B .
G oS, DK R RE f ok OF 4 e e 55 VRIS B AL R
e - -/ = HHHH%QCZ’JT‘%*%@;

12. 5%H5 0 #1 0.5%  ApoE™~ /N B # I, ob/ob e TR
ob/ob  ApoE”" ob/ob /N B 5 JHEMAAIEIEH K ApoE~ /MRS MK o AL B Ak E @M/Jé &;ﬂﬁm il % 3l .}fﬁ
INERE] ApoE” /NRZRZE FEREALIRE % . . o R

) . L _,. Study model of fat Lesions were
ob/ob ob/ob mice  An atherosclerotic Atherosclerosis in ob/ob ApoE stripe in earl limited to the
ApoE™~ hybridize with  diet containing mice  showed  lipid  stripes; hp, sclerosis Y arl 4

8 e . . L . K atherosclerosis; A early stage of
mice 3! ApoE™" mice 1.25%  cholesterol,  Atherosclerosis in ApoE mice 0od model of leptin  fat stripe

12.5% fat and 0.5%  showed fib laque: Compared  ° ‘ P be

BTN showed fi rous/p aque; Compared  ;ccelerating

sodium cholate with  ApoE™"  mice, the  ,therosclerosis

progression of atherosclerosis in

ob/ob ApoE™" mice slowed down

JEJHE o B 2 2R AT 5 %5 ILHH L v

5 o= . B A — 4 3
ApoB 1100 5 ApoB! O /NRL S BLIR M 4.5% e e % AR 1 A i A
JNER [0 A3 HHLZF 4 19 17 &L Feed 7 : N = 3 # Complicated
e o . Obesity, hyperinsulinemia; ~ Metabolic ~ syndrome . .

ob/ob  ApoE ob/ob ApoE™ mice  with 22. 0% crude . . . . operation;  High

. . . hyperglycemia, hypertension and  complicated with ..
ApOBl()U/lUO crossed with  protein, 5% crude fat atheroselerosis. C ared with ob/  diabetic blood lipid

" AR and 4.5% crude fiber,  dtherosclerosis; Compared with o iabetic -
mice p ob LDLR™™ ApoB'®'% mice,  atherosclerosis model
diabetes is more serious
NI | JB i 3% LA 5 5 LS L 3
ob/ob LDLR7- /v o 22.0% MLAE {1, BRHSFEREAL; 55 ob/ob ApoE™" (Ui 45 4 G 45 I
ob/ob LDLR™ 000 P ol SEHLIRT A 4.5%  ApoB"™ONEUTLL, ShKIGRE  TRAS BRI REREIL 0 o
ApoB%/100 o2 e MR R i T 4 fom ol s
7N B 40 AR _,. Feed with 22. 0%  Obesity, hyperinsulinemia; ~ Metabolic ~ syndrome = . omphicate
_,_ ob/ob LDLR . . . . " operation ;
ob/ob LDLR™ . . crude protein, 5%  hypertension, atherosclerosis;  complicated with .
1007100 - mice hybridized rude f 1 4. 59 . e diabetio atherosclerosi High cost
ApoB mice b AnoBIO10 i crude fat and 4.5%  compared with ob/ob ApoE iabetic atherosclerosis
with Apo MICe " crude fiber ApoB'®1% mice , atherosclerosis model
progresses faster
3 8 Ji th BB 5 IR JRE 5 T ARAG RO AL 2 Shbkol B B Ak o)t
SR Z LG T3 16 /i 80%/IN RS KA HEREALBE  RUBE DR S Bk o bE R A T BT
db/db K %A Sl g WAL AF IR A LIFERS
JNER 442 Homozygous gene AR R Intima injury and media thickening ~ An Easy-to-obtain  Atherosclerosis

db/db mice! -4

mutation of
leptin receptor

ApoE~/ /I L 5
EEX Y X

High-fat diet

occurred in 8 weeks; At 16
80% of the mice had

prominent atherosclerotic plaques

weeks,

A MG 4 JEE S5 o B R Al 1 3¢ R
H TR 5 R AR o R 3 AR

atherosclerosis model
type 2
diabetes mellitus

WFFE IR | o e 5 2 1l
i 725 I ot 2 ik o
RIS AN P

for obese

progresses slowly ;
the

time is longer

intervention

DN (]

g mmspe- (RS) HEH BN SRR SR 25t 1 g s
/J?EE[“] i ez Pt T A kil Hi ’h 7:0;?
- - ApoE ™~ mice gy Insulin resistance,  To study the effects of g o
ApoE . . . Western diet o . - . Operation
hybridized with mice hyperinsulinemia, hyperglycemia  insulin resistance ,

IRS1*~ mice *

with insulin receptor
( IRS)

gene deletion

substrate

and impaired glucose tolerance on
the basis of mild dyslipidemia.
Acceleration of atherosclerosis

hyperinsulinemia and
hyperglycemia on
atherosclerosis ~ and

drug intervention

difficulty ; and not
easy to obtain
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gk2
eSSl Ttk e B o s
Model type Methods Diet Characteristic Advantages Disadvantages
T FaE 1Y L 5 e 5 3R O Mk 32
et T B MG S L s BB IR KT T
o s ;5 ApoE” /N EE, GK b A 1 ;
RER (GK™™) /N ApoE~/~ /I BLE R[5 EEL T TG 7K [ s 3t 48 SR 9
GK*™ ApoE™" 5 ApoE”~ /Iy e o, LR B R R A
" N TG, S RERE (e Ca o RAER A,
NS A3 < . . . Stable glucose and 5
3 PR Stable hyperglycemia; Impaired 7" o
GK* Heterozygous . . . N . lipid levels;  Difficulty
. Western diet insulin secretion; compared with . .
ApoE™~ glucokinase ApoE~~ mic he levels of simultaneously operation ;
mice[#] knockout ( GK*™) po mice, e leve's /0_ evaluate the endpoint  High cost
’ . . . cholesterol and TG in GK* . o
mice hybridize with . ) of  diabetes  and
ApoE~ mice ApoE™" mice were slightly lower, .. jiovascular disease
and accelerated atherosclerosis
VA w5 I R
AR L U RE LR kAl AR R iR 2 % 3 ik BRI R
R R e i Y 05 R R
E3L/CKY- F3L NS GKY g Bk 5 #F B 1L Wi AR BT rl“ 5K5 K B AL Y 5 R B A 5 3
[45) JuRR oy 2.2 1% To evaluate the effects .
/L hEASZ FR R Hyperlipidemia,  hyperglycemia of hyperglycemia and Complicated
E3L/ E3L mice hybridized  High-fat diet . yperip . ’ ype g)f o yp, ,g yee operation ;
. . e inflammation and fibrosis;  hyperlipidemia  and .
GK*~ mice!*! with GK™™ mice . . S . expensive ; not
atherosclerosis  increased by  lipid-modulting drugs 25y 1o obtai
2.2 times on atherosclerosis oY 1 oo
in arteries
W58 bR s 3 Ik i
db/db ( PCSK9) 7 db/db /L PRELIONE IR DA s R AR R A TRIRIIT o e
JINERLT49T 51 AAV8-PCSK9 o T A A I3 1 B0 Jok 45 A A A S B %HX ﬂ&/,
db/db AAV8-PCSK9  was I':J H holesterol diet Severe hepatic steatosis;  The mouse model of N l-f/
( PCSK9 ) injected into db/ 1811 chiolesterol die hypercholesterolemia diabetic ].tovet, o "
micel%! db mice and atherosclerosis atheroscleroscomplicated terature reports
with fatty liver
FRULME TR T ML | 0V T 4k 2
T PAT THEr ;4 A s Bt ; o
T T PR TN oy s s o
A8 2 Ly =l ﬂ:! 2 _ &
KK /N KK /N AR E Hyperglycemia, insulin FRAE A /1 B % T KK-Ay M
LT . . . . . Mouse model of early ~Worse than KK-
KK mice5! KK mic Breeding diet resistance, hyperlipidemia, . .
e diabetic Ay mice
elevated serum fibrinogen and th lorosi
PAT; lipid deposition in aorta at atheroscierosts
the age of 4 months
e LA R LR S AR BRI R AR P Eh Ik
FARPU; MBS A RE AT R A B
K B e I PALF# 3 5 KK /N EE 30T I S008I0 3l ik 34 H A % . ik
KK-Ay (Ay) R3] KK /) Sk 5 RE B AL A8 L BT R RRRE Ak R R WAL ’
N [50-51] B BMAE Hyperglycemia, hyperlipidemia;  Best model of Mosil = dted i
KK- Transfer yellow  Breeding diet more severe insulin resistance;  atheroscleros caused I O? Y rep:) ¢ ) "
Ay mice[ 031 obesity gene ( Ay) elevated serum fibrinogen and by insulin resistance; l"ipa'ri, 1o rr:‘ny
into KK mice PAI; the early atherosclerotic ~ Mouse model of early THCTATITe Teports
lesions appeared earlier than  diabetic
KK mice atherosclerosis

4  ¥EERTA BN BK R RERE 1L R B /N R AR BY

Bl B | TR R 22 5 | A A S I A I
SRR I R, X RO B ST
HEJFR SR TR % 22 5 AR METE /N B B %
WL B BEH A S R R L, PR, 5 SR U A Y T
BeAe/NR s 5 0T 3 0N 28 3l ik ok A B Ak rh BB
AFOEFHIE . 7F HFD W3R 6 ~ 8 JE#% ApoE™ 5§
LDLR ™™ /N T4 MBS B RO S5 5L, DA A R K
3% (tandem stenosis, TS) # A 7E TS 4 J& 5 H 81
DIVRINGEAZ s A 28 200 J 3 T 0 Jy AP il 2 4 7
i RE R RRAE 19 52 2 Bl ks RERE AL R 225 7 J I

50% s s AR S BEBL B 4 L A STZ
BEPRIE Y ApoE™ /B rh i 4 TS, & R IR B IR TR 7
Je ] 3t BB Ik s A S A R B ) RN | BN RS
PRICH) SR FEAZ o ThT R G 0, 717 B ) 2 W e iz 4R
1 2( sodium glucose co-transporter 2, SGLT2) 1 il 5
f e P A B TR GE BEHL ) AL, FE ApoE ™™ /]
Bl EF IR Pl A AL R vp i BR BE 0 A L W B R A
( myeloperoxidase, MPO™") | i5 5 MPO™~ ApoE™" /)
o AP MPO B[R 38 1 A 4Ee S5 | Jf
BN T BEHARE ME DY . B MPO T RS
I BEFANEG A M A E T A -, TS AR A ] T
NZEATRE BEH I SCHERRAE , JE A58 NS 3l Dk ok A
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B Al Sl 2L W)~ LT B2 B R R AR B 245 9
i FE AR AR

TER AR IR MR TR 20 J S #EVE ApoE™ /N
i S0 ikt 38 AR I IO B ) 2t T
) 20 DK SRS AE RO A G S0 1T A5 A E AT | PRLA 200 i S A
TRITAT B T ek 2D BB PN 4 6O T AR 2 T 4 i AE
2 ERIEKE SRR ApoE” /N Al S TR
JebH — B s E L EAME R KRR
(angiotensin Il ,Ang 1) LI$2 5 Ang MK, 7E 16
~ 18 S E I S A B R B R B R B A
¥ BN EIRE | RAE , 8 R R £ A iR 2 9 LA K
B AR WA WG AE STZ i % TIDM 1)
ApoE ™ /INER B ik J] [ il 0 B i S B BN AR E
U ] AMPKo/ AP-20./ miRNA-124/P4Hal
BTG FIARERE Y ) AE ApoE T /INERR I N £
A -1 FPH (fibrillin-1 gene, FBN1) C1039" 74
RAZ Y ApoE ™ Fbn1 % * /N, iX A/ FRER I
SRy LA RE R 2T AR Wi 4 B0 iR s 1 i A Bk Bl ik
P, 2 ApoE™ Fbnl ™™ /N LA T 5 i IR
35 J\Ja, BEHIRBEAZ O 3G T 3 A%, IF H AR it
509% (1) /N H WS B T F2 Sl KRN S Bl bk B v B
P> W3k 3,

5 R BBKRERE LT RA

ShIKKRERE AL 5912 Wi T2 1R K A, S5
Jik P9 - B JEL FE (intima-media thickness, IMT) 2l
PRHE FH A B PR A I A5 22 S Jok ks A Bl AL 1A i
Bio KEDHTHIHA BT I, BEAE X4 bR 3h bk ok #
AL S WL T AL L%, O SR AL R
i (micro CT) 4 A X Fr B2l 2Lt A7 53 15 IF i et —
Yt YRR, DT S X 2 bk ok A R Ak B B iy
AR RREE ) X SR O R LT R
A ( X-ray micro-computed tomography, X-ray micro-
CT) ] LS BOME bR 3 ok sk A A1 v i 457 555 4 114 52
B RTAAE U O A A FITAE B S R e v .
7 A HE R PR BA% (high-resolution magnetic
resonance imaging, HRMRI) 4 /K ¥4 & Jo 6 i %F 2 fik
WOREREALEATPT AN . HRMRI A 5 AE 175 M 200 b
T 1 A5 B A R sl ik ke A AL ke e ) 7 AR L
I JILHE, Pt ] 3 WL B B s 2l ok ks A A A
AP AR ) B I B A A AR AL
A ARG 5 Ik A B By H i R L £ 3R B A
PR ARG A I, 38 3 9 ' A TSI

B R W E a4 A AR 2% % ( near-infrared
autofluorescence , NIRAF ) , M A7 W I BE B Py 4 1L 1%
B A A RS I = s S BEHO 9 B R 3 K
R PPl 5502 . FEROW L  SOEH R B AI#] (laser
capture microdissection, LCM ) R ] FEBUR: E X 3
20 B PR R T AR, DT I I AR A5 UL A8 P B2 400 i
Sk S R Gk W4 R (flow cytometry,
FCM) 7T Xof B He 55 o7 B 40 i o FHE R A7 Pl it 3 26 | 3
SE AL, TR0 3 2 40 7 20 DK ok R A 1k b i)
VEFHS B gH i RNA I 4 R ( single-cell RNA
sequencing , scRNA-seq) AE4 78 20 JIk ok 4 A0 2 1y |
PR | IRl RNt 2 5t i v 40 S B8 2 ] 1 52 4%
AHEAERT 10l % BT/ B3 ok ot A A A DX 3 £
PEANMUAEAR 0 32 Z2REENT  LE 40 I T S Al
R T2 388 A 0 B D7 9 A B R S PR Bl K oA
FERE AL LR 20 i 2 18145 5 A% 5 38 [ 2R 8 JF O 32
KEEES . scRNA-seq. M1 K 5| ( cellular indexing,
CITE-seq) M Y& {2 J5i | J* ( chromatin sequencing,
ATAC-seq) SR T B G A 25 11 00k PR 3R e ¢
LR , SISk ok A A A 5 78 DX Il 400 i S S5 P T
Al AR AR Y J5) BRAE T BURME A RS . me b, 41
X B2 LI B AR B A N 1) 38t 1 4 R AT RE 2
PR A B0, ITE BOR B 2 1 B2 848 B R £
B0 1% R R ER AR T I HORTE B koA A AL B
Bed o A oA B SR S MER A0 M R AR B

6 S&

W PR3 28Iy Jik o A0 Bl Ak ™ R Ja T N 28 ik R R
J5 o BTRE A TR, AR ] — 5 A2 e
A —E SR, FEAHIX 5 TIDM Fil T2DM
Bl SR RERE AL A A [R5 E 16 428 RE R SDUBE PR % 3l Tk
SRR AL AT 5 3 B R R i 2R BRI 2 P A R R A
FERIHTEERIARRE o /N U A FH B2 1Y L AE S
PRI Sk RERE Ak 2 B Rr s i S A L, BB
T R /N BRUBR R 55 2 SR A 9T H Y, shi A P ik
AR B TR SRR, HATEEN
W PRI 3 Ik o83 A5 158 b i 10 B e AN 8 A TR A B 3
D X FE M R o Fikos A T £ e 30 B B R e
ML FNZG YRR BT T 34 S 4 4k AR I BIL I BF 5%
T Y A S B8R FH 90 80 ok R I Bk 22 | 91 8 ik
BELR TR 20N Wit o 4G L — 00 SR B0 bk 45 vk
ATREXT BE R AR R e PERL R il s o — S %
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Table 3 Characteristics of advanced diabetic atherosclerosis mouse mode

SEE il Ttk (7N:% A PEH AR
Model type Methods Diet Characteristic Advantages Disadvantages
- 4 A5 B LA IR AEA L
6 ~ 8 J#% ApoE™ oo o
R REAIL L L - WELF 28
%fﬁ{mu‘zﬁﬁﬁjg%;& SEBEHRON AL B S A B KRR DF SR W B kR
BECHE (TS) mabg BEALATAE 57 JAlJT , S0% O SIHE  F B 40 19 00 56 e
5254 T . e N ST B A A
T j; APOE or LDLR BBk E After 4 weeks, complex  Mouse model of WK
‘tan em mice aged 6 ~ 8 High-fat diet atherosclerotic lesions  plaque rupture in the Complex and
sr‘;‘gublb ol (52547 wee-ks were characterized by large necrotic late stage of difficult to operate
(TS) mode subjected to double core, immune cell infiltration and  atherosclerosis has

i kAl &
R AR50
Carotid cuff
placement
model 1%

(E@IRER ]
g
Renal
hypertension
model *7)

vascular

STZ 5 IR
I ApoE™ /NER,
i Wk JE FE R
I A 158
STZ-induced
diabetic ApoE ™"~
mouse model of
placing collar
around

carotid artery !

ApoE™"~
Fbn1C1039G*~
N BRI
ApoE™~
Fbn1C1039G™~

mouse modle>*)

ligation of the right
common

carotid artery

HEPE ApoE ™~ /N B
2 3R E Jik e PRl e
AR A T
HPE TR, A 2k
10d

A non-contractile
silicone elastic collar
was placed around
the left

common
carotid  artery  of
female ApoE™~

mice for 10 d.

ApoE_/_ / BLH I
b FAR e b — i) B

MAEHELERA
Ang 11

ApoE™™ mice, one
renal  vessel was

clamped by surgery
or Ang 1II
pumped

was

continuously

STZ 5 FE R 1Y
ApoE_/_ /N LA 33
B Ik ] 1 e 7 el
Collars were placed
around the carotid
artery in  ApoE™”
mice with diabetes

induced by STZ

16 ApoE™ " /N R H
IR LT 4R -1
P (€103977) 24

a5

Addition of
heterozygous
mutation of

fibrinogen-1 gene
( C1039*7 ) in
ApoE™" mice

mRRE
High-fat diet

R

High-fat diet

E K (0.25% 1
A 15% AT Al i)
High-fat diet (0.25%
cholesterol and 15%

cocoa butter)

BRI IR TR 35 JA
High-fat ~ diet  for
35 weeks

local thin fiber covered plaques
appeared. After 7 weeks, 50% of
the animal plaques ruptured.

R i BT AR 3908 Mok o, 4 A
Massive lipid deposition, carotid
artery embolism, stenosis

2y Dk ok R B A i 2 i s 16 ~
18 J& 4% th B 5 45 B B 5 B e 27
YRR A5 BRI T B IR SE A% |
B oW 41 g 'O, R OE;
Atherosclerosis  accelerated, and
vulnerable plaques appeared from
16 ~ 18 weeks old. Fibrous cap of
plaque becomes thinner, and there
are larger lipid necrosis nuclei,
and

macrophage infiltration

inflammation.

JRE 55 i e - 1) 3l Ik o6 e s A
W JU) 458 RE g 35 A5 2

A model of vulnerability and
plaque  vulnerability in late
atherosclerosis ~ with  collagen

synthesis disorder

LA RE SRR 2T AR Ui 2 5 2y Bk e
BESG N B BEHL il 58 BEP IR FE A%
DI 3 A5, T 50% /N L
T3 kR k8 g bk B & T BE
o ES

Elastic fiber of that blood vessel
wall are broken. Hardness of that
arterial wall increase. The necrotic
core of plaque increased by 3
times. Spontaneous plaque rupture
and

of ascending aorta

brachiocephalic artery in more

than 50% mice

been studied.

S0 k34 B B 06
LA T8/ B R
Mouse  model  of

vascular embolism in

late stage
of atherosclerosis

e LS | e i AR A
T 3 Bk 5 A R AL
10 BE B 21 4 i i 4
N

Mouse  model  of

fibrous cap rupture in
late  atherosclerotic
plaque  under the
action of hypertension

and hyperlipidemia.

B 47 i TIDM 3l ik

o A L BE B 5 6
/N
Mouse  model  of

vulnerable
atherosclerotic plaque
in TIDM.

LAY B g R BB
R/ A
Typical mouse model
of spontaneous
plaque rupture

S ME R R

Difficult to master

A BB A W
DTS i )
L3S
Blood

situation is  not

sugar

clear, and

long duration

KAE T2DM #1#

TP IE

Not validated in
T2DM model
SEE A Kk

ENCINNV R X
Long period, high
cost and difficult
to obtain.
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