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Establishment of a myocardial infarction model and the gene
expression profile in peri-infarct area in Juema minipigs
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[ Abstract] Objective To establish a Juema minipig model of myocardial infarction, to evaluate the clinical indi-

ces in the model pigs, and to explore the relationship between gene expression and metabolic decompensation. Methods
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13 male Juema minipigs were randomly divided into control (Sham, n=5), myocardial infarction (MI, n=5) and normal
control (for evaluating the recovery condition after surgery, n=3) groups. In the MI group, the ligation was done at the
left descending coronary artery around the 1/3 distance to heart apex. Four weeks after the surgery, the cardiac function
and serum biochemistry was analyzed. The histological changes and gene expression profiles in the myocardium in the peri-
infarct area were exanimated. Results Ulirasonic images showed that the infarction was formed, the ejection fraction and
fraction shortening were significantly reduced in the MI group ( ~32% and ~40% less than those of the sham group).
Histological examination showed that myocardial fibers at the peri-infarct area were broken, dissolved, and there was con-
nective tissue hyperplasia with increased neutrophil and lymphocyte infiltration. Microarray analysis revealed that two myo-
cardial remodeling and pathology mediating pathways, three inflammation-related pathways, and 8 metabolic pathways (in-
cluding fatty acid, amino acid, and glucose metabolic pathways) were significantly changed. Conclusions We have suc-
cessfully established a Juema minipig model of myocardial infarction. The less branches of the left descending coronary ar-
tery allow us to establish a stable model by surgery with comparable characteristics in the clinic indices. The results of this
study provides useful reference characteristics of an animal model with characteristic changes in the peri-infarct area.
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Note. A. Ultrasound operation; B. The operative position; C. Exposure of the left descending coronary artery and suture site;

D. Diagram of the ligation point.

Fig.1 Ligation of the left descending coronary artery to establish MI model.
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Note. A. ECG ST segment elevation after coronary artery ligation, and occasionally short-term fibrillation; B. Postoperative blood

viscosity at different shear rates. * P <0. 05, significant differences between pre- and post-MI groups, n =5.

Fig.2 The intraoperative ECG monitoring and postoperative blood viscosity.
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Tab.1 The evaluation results of echocardiography

LTI REAG I 46 B BRFARN IELH DAFARN
Heart function indexex Sham MI
PRI 220 ZE AT BEIERE TVSD (em) 0.73 +0.02 0.85 +0. 09
W 4 AR W 2 0 38 BT RETEEE TVS5s (em) 1.04 £0. 06 1.03 +0. 10
FFR AR 220 F JFRERE LVPW ;s (cm) 0.68 +0.033 1..00 0. 09
WA AR A2 0 % S5 BEEEE LVPW 55 (em) 1.02 +0. 03 1.20 £0.11
EPIRAR W ZE 0 NAR LVID;;d (cm) 3.53 +0. 12 3.44 £0.23
Wi AW 22 O 2 AR LVID;s (em) 2.01 £0.12 2.60£0.18*
FFIR AR ZE O E A E EDVd (mL) 53.05 +5.79 51.48 +8.27
Wi AW 2 2 55 ESV s (mL) 18.13 +2.78 26.65 +4.58
Lo B €O (1/min) 7.60 +0. 57 4.44 £0.31"
S EEF (% ) 71.77 £1.81 48.70 £3.76 "
SRR FS(% ) 40.64 +1.50 24.21 +2.33*
LBk HR ( Beats/min) 210 +10 214 +23
" P < 0.05, FHUETF AR R FCAE F AR A BUE 22 578 W E

Note. * P < 0.05, indicating significant differences were seen between the MI and Sham groups. MI, myocardial infarction.
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differences between the Sham and MI groups, n =5.

Note. A, C. Typical B- and M-mode images of the normal heart in the sham group (short axis) ; B, D. Typical B- and M-mode images in
the MI group (short axis) ; the yellow arrow indicates the infarct area of the heart; D. Dilated internal diameter at the end of systolic state
was seen; E. End diastolic and systolic blood volume; F. Cardiac output; G. Ejection fraction and fractional shortening. LVID, d. Left

ventricular diastolic diameter at the end diastolic state; LVID; s: Left ventricular diameter at the end systolic state. * P <0. 05, significant

Fig.3 Ultrasonic evaluation of the cardiac function
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F2 RFANIEAALCEFARAMMEAE(x £5,n=5)
Tab.2 Serum biochemical results of the sham and MI groups.
QIR % =2 7 BT AR B 2H DAEFARA
Serum biochemical indexes Sham MI
BN ER ALT/U/L 46+5.11 47.75+7.88
A G AST/U/L 25.25+1.88 31.5+2.58*
M TP/g/L 63.12+0.138 60.17 £1.91
I ALP/g/L 32.25+0.77 23.77+5.61
BREE 14 GLOB/g/L 30. 87+0. 136 36.4+6.03
BBLEE TBIL/ wmol/L 2.5+0.47 4.5+0.14"
B $EB41 % D-BIL/ pmol/L 0.025+0. 14 0.92+0.33*
T BR B ALP/TU/L 103+19.3 104 +16. 04
1L¥% GLU/mmol/L 4.44£0.36 5.96+0.42
JRZ A, BUN/mmol/L 2.46+0.17 2.89+0.65
WLEF CREA/ pumol/L 92.75+4.15 141.75+12.65*
SJAEEE CHOL/mmol /L 2.37+0.12 2.16+0.06
H i =& TG/mmol/L 0.48+0.10 0.25+0.05
F % B& % 11 HDL-C/mmol/L 1.05+0.07 1.03 0. 07
AR NS 1 LDL-C/mmol/L  1.43+0.06 1.29+0.04
FLER M S LDH/U/L 384.75+26.8 478.25+49.58 *

E:* P < 0.05 R DA T ARE I BE R T AN A A U] 222
=

IFo

Note. * P < 0.05, significant differences were indicated between the MI
and Sham groups.
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TH:A. HE Refa, THER/RBORIXKIL: (a) JEBBERX, OMEF LS IE R, BA B 8RR s (b) B IX O NLEF TR I 2L IRFE 1 S 2F 4k
W25 (o) BEFEDC, A UL LA , DURRZEZUN FEAFAE . B, Masson B2 /R HE AL HO LT 4k (B (LX) .
B4 HZW)R Bm WARRISEIX. AEFE 4 X BIEAE X i1 9

Note: A. HE staining. The rectangle shape shows the following magnified areas: (a) Non-infarct area, morphology of myocardial fibers appears

normal, without obvious lesions; (b) Peri-infarct area, myocardial fiber breakage, necrosis, and collagen fibers are increased; (c) Infarct area,

the cardiomyocytes are dissolved, fibrous scar is the main feature in this area. B. Masson staining shows hyperplasia of collagen fibers (blue).

Fig.4 The transition from non-infarct area to infarct area
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FEAR 7 1l B AR PPAR (peroxisome proliferator-
activated receptors , i S AL BHASE G YIE A28 15
S (UL 3) 5 (4) BElE M QSRR R A T2
i, AAR A HH R A WERE AR | —RIRIGER |
PRI A TR A 2 R A 45 48 A2 i (W3R
4) $R T RERACHIHLRERI 2 .

VAR (R 1) PRI 22 (i3 2) ZEARHSURAE (Hik 3)

Rt G (PR 5 C. rhHRLAR IR I BE G (7 3% 2 FIBIE KB s D. e AR At (#sk 4) Ptk EL4R (53K 5)
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Note. A. The magnified observation area of the “B” ; B. The magnified area from “A” , indicating the dissolved myocardial fibers (arrow 1),

neutrophils (arrow 2) , connective tissues (arrow 3) and bleeding ( circular) ; C. Neutrophils and bleeding (arrow 2 and circle) ; D. The nuclei

of fibroblasts (arrow 4) and lymphocytes (arrow 5).

Fig.5 Typical histological changes in the peri-infarct area

R3 ENRBED IR B2 RS SRR

Tab.3 Main enrichment of biological signal regulation pathways from the gene expression profile analysis

A i RN (RS
Biological pathways Included genes (ID)
I EE R SGCB(100135674 ) * 5 ACTC ( 1100152267 ) ; SGCA ( 100240723 ); MYL (2396690 ); TPM (2396693 ); LOC
Cardiac remodeling myopathy (396781396781 ) ; ITGB(3397063) ; TGFB(3397400) ; PLN(397421) ; TPM(4397608) ;
HIA MR- W2 (A BAVE COL6A (3100101551 ) ; SDC ( 2100152754 ) ; THBS (3100155108 ) ; GP (9100216312); ITGB ( 3397063 ); VIN

ECM-receptor interaction

H 4 Ml #5 GE #% Leukocyte

transendothelial migration

FMA 5 %E 1l 2% 1 Complement and
coagulation cascades

PPAR &5l

PPAR signaling pathway

(397192) ; COL5A(2397532) ; COLSA(1397533) ; TN-X(445520) ; CD36(733702)

GNATL (100144419) ; ACTN2( 100157406 ; THY1 (100271931 ) ; MYL2(396690) ; VCAM ( 1396925) ; ITGB (2306943 ) ;
PIK3CG(396979) ; MMP(2397391) ; CYBA(397507) ; MYLPF (474162 ) ; CXCL( 12494460 ; MAPK (12574062 )

SERPING( 1100144304 ) ; LOC (100153504 ) ; THBD ( 100157642 ) ; CD (55396743 ) ; PLAU (396985 ); PLAT
(397121) ; C18(397274) ; CFH(397525) ; C7(397526) ; C1QA (445461 ) ; CAA(445467) ; C2(448981)

AQP7 (100126283 ) ; SCD5 (100135661 ) ; GK (100233182 ) ; SCD (396670 ) ; OLR1 (396724 ) ; ACADL (396931 ) ;
ACADM (397104 ) ; LPL(397537( ; ADIPOQ(397660) ; CPT1B(399528) ; FABP3(399532) ; FABP4(399533) ; RXR( G
(445465 ) ; ACSIA(448980) ; FABP7(574075) ;CD36(733702)

TE 455 R IR R B B R 4 5

Note. In the bracket was the gene ID in the gene library.
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R4 EEPFRRE VR T2 R AU R

Tab.4 Main enrichment metabolic pathways from gene expression profile analysis.

AR A EIEFE L (H5)
Metabolic pathways Included genes (ID)
5 s A ECI2(100134957 ) ; ACADL (396931 ); ACADS (396932 ); HADHA (397012 ); HADHB (397017 );
Fatty acid metabolism ACADM (397104 ) ; HADH(397604) ; CPT1B(399528) ; ACSIA4 (448980); ALDH2 (733685)
ER(ITLEAWE] GPAT4 (100152836 ); AGPAT4 (100156632 ); LCLATI ( 100217396 ); GK ( 100233182 ); PPAP2C

Glycerolipid metabolism

SR | R TR 58 S IR R
Valine, leucine and
isoleucine degradation

KR ER R = ER A
Arginine and proline metabolism
HEBES
Glycolysis/ Gluconeogenesis
FrERREER
Citrate cycle (TCA cycle)
PRk
Propanoate metabolism
TR

Butanoate metabolism

(100233200) ; AKR1B1(396816) ; LPL(397537) ; ALDH2 (733685)

MCEE ( 100037986 ) ; BCKDHA ( 100142666 ) ; BCKDHB ( 100142669 ) ; DBT ( 100156530 ) ; ACADS
(396932) ; OXCT( 1396978 ) ; HADHA (397012) ; HADHB(397017) ; ACADM(397104) ; DLD(397129) ;
HADH(397604) ; ALDH2(733685) ;

ARG2 (100155893) ; ACY1 (396930); GLUL (396944 ); GOT1 (396967 ); GOT2 (396968 ); CKM
(397264) ; SAT1(397645) ; MAOA (414424) ; CKMT2 (733602) ; ALDH2(733685)

ACSS2 (100153866) ; PGAM2 (100188980) ; FBP1 (397038) ; DLAT (397054) ; DLD(397129) ; ENO3
(692156) ; PFKM(733601) ; ALDH2(733685)

ACLY(100125957) ; IDH3A (100157242) ; ACO2 (396999) ; DLAT(397054) ; DLD(397129)

MCEE ( 100037986 ) ; ACSS2 ( 100153866 ); ACACB ( 100154993 ); HADHA (397012 ); ACADM
(397104) ; ALDH2(733685) ;

ALDH5A1(100157072) ; ACADS(396932) ; OXCTI (396978) ; HADHA (397012); HADH (397604 ) ;
ALDH2(733685) ; CS (397519) ; IDH2(397603) ; SDHB(414412) ; IDH3B(733641)

TE A% 5 N R IR R Y E R 4 5

Note: in the bracket for gene ID from the gene library.

3 itig

ARG B U FH 3R R A B BRI/ N S i A 70
FEFAR A 4 8 B 50 DO REFE b | 135 A= AR AE 0
JIE L 212735 BEAE Ak LA R 45T S 4005 B A HoAhig SCif
AT R IR

FAVAEFLAL B 5 s Hfl 5206 Wi b 508
ol F A LS5/ N (18 OSSR (R AT, (HOR 25 5
FARMEFZE L by = W% H 5 500 4 K st
TN I HLSE G W) £ BE 4R SO O R B A L
BOICHA S 22 5 WSRO0 AN TR ATT09F 5 FF A oAt i 3
— 5 R IIBRIRSE A TS A T SO AR
BRAD I HICAR AL AR 24 8% 2% sl e s L A9 F 9% L R
g/ B S 56 S HLRE S S B 45 R 25

T U Sl B S I R IR 0o IR 25 48 A D R ) 32
T L A2 R T O R R A
RS TEAHE bR v FE S 1043 B50RD i 2l 4 o SR R AE
(F67) Lo WEC 28 T RE Y AR RR B, FRATT BT 3R A% 1 3k
PN FE b 5 HAth 4 T8 A 3 R — B, 40 0 K 29 0 b
32% Il 40% 7,k S R 5 /N BB R A
PR R, AR ST A Bl TR N BRI A AR
R LR AL, BEAh, 5T BUA B 5 O AT B 7R 47
PP IED R S B0OT H LB G RS B
(49 55 0L 450 R R iy 4 i R 40 AR SCL G T 2 &
W AT SR A A I BE SR R D= AR L LA

UK A SR 2 B S R AT R,
e PRAe A IS FHANEL

REAEJ5 O UVE G S 20 3 R — N VR R 2 %
WA, ABERIRL O IEH LIRS T A R
REAE % X B AFRE AL DX i A%, I H i R WL 5
S0 5% DXRH S ) T SR8 2 A4 RS A T K i
LA TR A HR AR AR L 2, B T A
T3 s A o L R AL B e

AT FER O HEREFE T 5% DRI IE H 4 S S P 2%
IRTGHEAT 22 5 03 A, e SO BRSO LR A | R AE T4
W AR E R, DA O WU A A
ARdE T, o, A TE BRIV 2 A BRI R
SRR ALE ALY S A AL & L LR
rpk DRUBRE A, LR -5 P A B TR R 2
WA 1, X SE 8 5O IE R IR D RE B O,
W BRATR IR E T VIR V3L Rk
R AN R AR XN S EWA BIER R, 0
= R TTE R, O — BRI RAEAE L
RO IL iz R B PR AT
TP R T 3 A SO AR A VI SE R A 32
PR, o PPAR, © HIELREA A48 I 15 D e
SO T 45 i 07 1R 0 A 20 W A 41 TR ) % 8 9 A
FHU HCHOE T 5 20 107 R AL R in e LG 7
P R BRATAEASCRE T 8 AN B 5
R, SR N B B S X S HA
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BT 5 TREBE X AR A > oS

ASBITFE I AT 04 5 R 8 B B R AIE BE A8 5 A5
RLOIIRE MG AE AL IR R SR bR RE IS A T A
B, 491 G R S AR U | S R S R A A
A IAG 1 260 % A B .4 SRAHRT 1 5 11 40 L 85 P
BT A% 108 s S AMA/ B L JRIK A T B | A
BRI IO Y i 1 58 RE A AR RS R A 45 2R Jfa o
o -2 VA P T8 % 114 RS R 4 2 L 1 ) A
WA IRIEET HE AR XTI ; RN, O v P R TR 1
A AR BRI 227 T, QLR AR B G AR A, 140, PPAR
AR T HA] R D LSRR A B AR AE 5 0 AR
HTIREYA Y A I A SCBRE T AT, X I S 45 5 R 1Y
TR T il 5 DA BAS HEZ IR S AL PR RS A
LIS
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