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[ Abstract ] Objective  To explore, by constructing a mouse fetal inflammatory response syndrome ( FIRS)
model, the possible mechanism by which MMP-9/TIMP-1 expression in premature infants with FIRS induces myocardial
damage and potential drugs against this. Methods This study was divided into two parts: clinical observation and animal
experiment. In part 1, a total of 118 premature infants who were in the Fourth Hospital of Hebei Medical University during
the period from May 2018 to December 2019 were included as the study participants. According to whether FIRS was
diagnosed, they were divided into the FIRS group (n=61) and control group (n=57). The levels of IL-6, MMP-9 and
TIMP-1, the MMP-9/TIMP-1 (M/T) ratio, and the occurrence of myocardial injury were compared between the two
groups. For part 2 (the animal experiment), FIRS mice were constructed and divided into the following three drug
intervention groups: FIRS group, RA (retinoic acid) group, and control group. Heart tissue was collected from the mice in
these groups and used to detect the 1L-6, MMP-9 and TIMP-1 levels and the M/T ratio. Results The IL-6, MMP-9 and
TIMP-1 levels and M/T ratio in the FIRS group were: (38.53+9.01) pg/L, (42.27+12.53) ng/L, (110.48+17.06)
ng/L and (38.30+9.93) %, respectively; these values were significantly higher ( P<0.05) than those in the non-FIRS
group. The myocardial injury rate was significantly higher (P=0.001) in the FIRS group (27.87%) than in the non-FIRS
group (5.26% ). In the myocardial tissue of mice in the FIRS group, there were significant levels of edema, the ventricular
wall became thinner, and the degree of cardiac structure changes was reduced by RA intervention. The IL-6, MMP-9 and
TIMP-1 mRNA expression levels and M/T ratios in the FIRS group at different timepoints were significantly higher than
those in the control group (P<0.05), whereas the the mRNA expression of IL-6 ,MMP-9 levels and M/T ratios in the RA
group were significantly higher than those in the control group ( P<0.05) but were lower than those in the FIRS group (P
<0.05). Conclusions

FIRS can mediate the occurrence of heart injury in premature infants by releasing IL-6 and by

regulating the levels of MMP-9 and TIMP-1 and the M/T ratio. The application of RA can play a protective role in the

process of heart injury and could be a potential drug for providing clinical treatment of FIRS.

[ Keywords)

O LA 2 G L R GE K 25 5 AR ( fetal
inflammatory response syndrome, FIRS) [ 3 & Jif 2
— ARG 40% AT (5 T BEAS )
O U A5 o0 LA 405 2 5 et B, i IR 3R 9 %2
FE, R TCR v U SE b, 5 5 IR 12, LBUEIR G
IF BURAR . ONUERTE R L R 52 30%
Ze 47, MAE FIRS = JLH A BT 22 46. 8% , " H
AR DR (RARL 4.28%) ,FET-% 0. 6%
~19%" AUk, FIRS 8L JJLE 5 1 37 4112 187 0
N EEE FR e B AR S 12 WAL RE Y O UL 4
PR (I, FIRS FrE00 AL A0 HAR DL B AR
SHEIRIT Y M TR A58 . BRAE SCERR B e
i K RS ey WG I 38000 U 2 2105 I 4 )i 1 il
( matrix metalloprotein 9, MMP-9) K = T, OF
VUSSR P, o R R LA AR 1 S R0 LA
it BER FIRS 54 B RE IV 28 A 1iE ( systemic
inflammatory response syndrome , SIRS) %4 F2 7 J& 4
AT, HZ MMP-9 JHCH il 57 4 Jas 2 11 AiR2H 2 il
F—1(tissue inhibitor of metalloproteinase-1, TIMP-1)
IR 2 5 FIRS A5 5.0 WL543 v R
Wi, AHFIEIE R BIE MMP-9 K TIMP-1 23K 7K,
FFHEE FIRS /DR EL, 8T FIRS 375 400 LR 5 1Y

FIRS; myocardial damage; MMP-9; TIMP-1; IL-6

HARBLH, il RIZ IR R BT L
1 ##FTTE

1.1 SEIeHHA
111 SERsh

KR 10 JER KM /N 45 Hlg A Tde s
SEEE R [ SCXK () 2018-004 ], HERL 15 H |
RT3 35~40 g, iR 30 HAKFE 44 30~35 g,
) SRS 56 9T b s R 2 5 DU B Bt sl ) S 5 h
[ SYXK(%)2018-001 | , A SLE T4 3R S, £
TG BRI 27 5 DU B e 5 56 3h W 18 BE 28 B2 2 A%
837 (IACUC-4" Hos Hebmu-2019006) .
1.1.2 W AR

A PR B 43 5% N RE R AR 3 BE A & R 38 SC
(FIRS F-7= JLJ il MMP-9  TIMP-1 7K 78 1k K H
5 45 05 56 & B WF 5T ) A TR, B 2 BF 58 O I R
] BEgE AN HE AN 3 S A e By R = L 3L 118
1, 4N AR TE] X 8] A 2018 4F 5 H 5] 2019 4E 12 A
WA B FFA FIRS 2 Wids ' 434 FIRS 4l (n=
61) FldE FIRS 4 (n=57) . Hh FIRS 4 5 1 32
N, et 29 NP2 18 0 (29. 351, 44) J | M A=
1KHE N (1489+178) g, 1 min Apgar PE4r (7. 28+



P H A PR 275 2022 4F 6 A5 32 4455 6 4] Chin J Comp Med, June 2022, Vol. 32,No. 6 57

1.42) 53,5 min Apgar ¥4 K (8.59+1.39) 41, 10
min Apgar 1%%%7(9 01+1.26) %,3”5 FIRS 21 % 14
30 N, et 27 NG F2I22 8 0 (29.29+1.51) 4,
WA R E R (1482£169) g, 1 min Apgar ¥ 5 R
(7.32+1.34) 43,5 min Apgar PF 2> N (8.72
1.26) 43,10 min Apgar ¥F48 A (9. 12+1.32) 43,
PIZB A LR R G 17 2 5% (P >0.05)
WG I R LM AL BE R R 27 B 2 A0 B 22 01 &5 W Al
1iF(2020004) ,
1.2 FERKFSNE

A ML7E ELISA 3457 & (1L-6 ,\MMP-9  TIMP-1 |
CRP) , K5 [5 33 g% 2E W) B H A R = 5 4
2 ( retinoic acid, RA) , 2R U5 [# 1L < B 48 1 245 5 g
Z B (lipopolysaccharide , LPS) , 3K i 3¢ [#] Sigma 72y
) 5 i W G v, of VR v DR N R 2R AR R
A, BOHLYXI-2) , RV H AR =P8 #] BRI
VKA (-80°C) , R H A SANYO 7~ wl 5t i3 5%
(CX-21) K ¥F H A OLYPUS 24 ] ; %6 % PCR Y
(455 . Mx3000P) , 2 5 3¢ [H Agilent /A 7l ;4= H 3
BEBRAS I , PR 25 F VERS Amax 23 ) 5 B HAVE TR
KIEHE (B JY-17-1) R PE [ F i 2R A5 95 50
AR 2 A 2 A BT (B4 Au2700) , R TR H AR
OLYPUS A,
1.3 ZEWHE
1.3.1 I PREEE 5y

i 2F ELLSA 3246 DU 5% I vh ) 1 4 i A 3= - 6
(interleukin-6,1L-6) .4 J& & B2 P A F -1
(tissue inhibitor of metalloproteinase-1, TIMP-1) | 3&
Ji4: J@ 85 F -9 ( matrix metalloprotein-9, MMP-9) 7K
Vo BA AHB A JLIE 5 BRIRIT X112 8 W B
Ui, B RREDT 1K BV R A 28 d, IR R R
A R 45 IR

A LD ARG S Wiks e S BB BT, SR A
ALHEO LR LSS 2 AR N IS L Z 2 W8 b,
DI SO sh E AN S B2 Wi s Bs TR DL
r O UEET S (R & AR %% B >25 U/L Fl/
s LR M AUl > 407 U/L /sl ULER 34 > 725 U/L
/LR Wk 65 W) T 6 >39 U/L) s @QWUAS & 1 T+
COUNESEE 1A 151,12 pe/L A/ 80 WUIES & A T
>0. 14 peg/L) ; @0 E F 8 (Ol 2% D AR5
G ) s @R O BB S E (O IR D RE AL I
DIRemaR %) .
1.3.2 ey

(1) L5540

SIS A AR 2 75 R FIRS /N AN R 259 T
T, BEHLSY R 3 4L, PEANAN T . FIRS 418 1LPS #4 4
FIRS /N (BSR4 32 1 UL R 3C) 41 . RA 41 FIRS
JNELARA 41 NS 414 3F FIRS 40 (25 % IR, A= # R
K)o

(2) ¥y £k FIRS /R shisimy

FIRS /N sh AR A FIRS /) RS AU AL 2 2
HE ARG AT, R RN 2 0 1
B8, U H WS B B A% i b BRI A 2258 1 R, 42
15 d BF%F FIRS 20 & RA 4/ BR 47 2 IR o 3 5
LPS(USA, sigma, 0. 25 ~ 2. 5 pg/sac) , b & A 4 i
100 pg/kg, NS 2H 3 5 S5 ar A JER K 13 24 5 W48
2B RS T SRR, A 7 3 10, 00% B
PR : 2 B I 5 HEAT IR S A 4B R, ]
LR AR 20 | IEH G B A5 O, 1 BE K i
FEREF AL, A< 5250 /)N B ASE A Dy A A5E 2 R
4 83.73%.,

(3) 25911

25T iR 3 4/ REFT AN R B, RA
ARG T4 17 d Fris, k. MMP-9 41 i 7
4 I R (retinoic acid ,RA) (LU &R BEHI25) #EE |, 7
i 50 pg/(kg - d), 25010, FIRS 20 NS ZH1EA 17
d A RA 40454 A4 B3R 7K (normal saline, NS) %
B, Z25%,

(4) BEHRA

NV WU AR FREE N 3 Al A BEALER 3 H 22
19 d 2B ATHIE = FA, B EUR BRI &L 0
LRZPRFEAR S, 3T =05 1.7.14 d &b3E
R (BRI S n =10 H) BB BUOREZH S,
S C EE S AN AT HE 46, R T
WA G A R B - 80°C (R LA RT-PCR 63,

(5) HE GL @520 s B4 405

JiG Ak KNG IEZH 2 HE Je @55 4K . SRE M IR
B RO EH L PE R T E 4 h JE 3T A HE
guefa,,

(6) RT-PCR #; ] 1L-6 , MMP-9 & TIMP-1 %
ik

il

N IE A 2L 1L-6 . MMP-9 K TIMP-1 %3k
H Y RT-PCR W - o B3 B0 .00 JUE 2 21 rp 42 B0
RNA, JF 4T RNA 2l Soe Bl e . FEAS AT i
ek b gt an g 1, FFE TSt oo E
PCR 43 | MU XS RA 1
1.4 #FitFEH*E

P58 gk SPSS (21.0, IBM) & R %k



58 P H A PR A 2R RE 2022 4F 6 A5 32 445 6 ] Chin J Comp Med, June 2022, Vol. 32,No. 6

( RStudio 2021. 09. 0 Build 351) # 47 4¢ it 43 #7r,
AH G B B s 5 RO ( RStudio 2021. 09. 0
Build 351) #4744l . 11 & RER A ¢ K8 k47
Gy BT, 22 21 B0 B R R A 2% 4 AT
AH M43 MT R H Spearman” s £ P AH ¢ . 3 HUR
P HCBER R 7 K6 36 51 Fisher B U048 % 2k 047
a=0.05 HR I KU,

2 &R

2.1 Br=)LEm IL-6, MMP-9, TIMP-1 2 M/T
EbERIAKTE
FIRS 4 IL-6 MMP-9 TIMP-1 & M/T F8 435
F 1 AR 1T 9T

Table 1 Amplification primer sequence of related indicators

K- i
4 slsis -y 7 WTERE()
Name Primer sequence piiie
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Table 2 Comparison of cord blood IL-6, MMP-9, TIMP-1, M/T ratio levels in different groups
2H 5 ™ K
45 IL-6 (pg/L) MMP-9( ng/L) TIMP-1 (ng/L) W H:{E(%)
Groups M/T rate
4 FIRS 41 (n=57)
Non-FIRS group 4.45+1.00 3.43+£1.95 39.72+24. 86 10. 48+4. 49
FIRS #(n=61) . . . *
38.53+9.01 42.27+12.53 110. 48+17. 06 38.30+9.93

FIRS group

5 FIRS 41142, © P<0. 05,
Note. Compared with non-FIRS group, * P<0. 05.

R 3 OARFELUNHE LN & A A (n=118)

Table 3 Comparison of incidence rates of neonatal myocardial injury in different groups

415 DU e WL E LB A (%)
Groups Occurrence Nonoccurrence Total Rate
FIRS 4 =
No-FIRS group
4] =
FIRS 41 (n=61) 17 44 61 27.87°

FIRS group

T 59F FIRS 41 L, © P<0. 05,
Note. Compared with non-FIRS group, * P<0. 05.
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TE:AL~DLXTIRAL(NS 2H) 22 19 d 725 1.7, 14 d /MR EZISY; A2~ D2 FIRS 202219 d )R 1.7 14 d /NEUGHEZHSL; A3 ~ D3

RA 2219 d 75 1.7.14 d /DBLC L, L0 S Frbn i A9 O 8 SRR B R PR 5 Horr A2 1 A3 7 K BT Y [R)— 3K

T LRI E, A2 FIRS 41, A3:RA 41,
B 1 ARREIWE] S GAF B IEZU 1 (HE e 6)

Note. Al1~DI1, Control group (NS group) mouse heart tissue at 19 days of gestation, 1, 7, and 14 days after delivery. A2~D2, FIRS

group at 19 days of gestation, 1 after delivery heart tissue of mice at day 7, 14 days after delivery. A3~D3, RA group mouse heart tissue

at 19 days of gestation, 1, 7, and 14 days after delivery. The positions marked by the red arrows, Typical parts of pathological

manifestations. Arrows of A2 and A3 point to two different hearts on the same slide, A2, FIRS group. A3, RA group.

Figure 1 Tissue sections of fetal/offspring hearts at different time points ( HE staining)
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Figure 2 Correlation matrix of 1L-6 with MMP-9, TIMP-1 and
MMP-9 / TIMP-1 ratio in mouse heart tissue

2.5 FIRS /MNROAEALA IL-6 5 MMP-9, TIMP-1
& M/T HItEK D

X FIRS /) B E 41 21 TL-6 . MMP-9  TIMP-1
F M/T AT AHGME S0 BT, 45 3R 7 < IL-6 5 MMP-9
[y = 0. 82,95%CI(0.69,0.90) ] . TIMP-1[ rypyp.,
=0.66,95% CI(0.44,0.81) ] K M/T[ry, =0.36,
95%CI1(0.06,0.61) ] S IEAHE, WLE 2,

3 g

FIRS J2:Jift JL 1 7™ H B4 S0 S5 I B , e
FEEHLHI A IR LA A Rt 8 RE PR 1 R, JF 005 1k
AN A5 ARAE DR S, e 2% A e BUE LI A [F]
EZSI0 . Tang Y NSEATI9—IHH AT 10
T 1116 875 9 Meta 2047, WA T FIRS
SEAHE LA RES R, 45208 Wos  FIRS vl 5 208
AL & UL AE ( neonatal early-onset sepsis, EOS) |
XA & F A K ((bronchopulmonary dysplasia,



60

] A PR A AR 2022 4F 6 28 32 B2 6 ] Chin J Comp Med, June 2022, Vol. 32,No. 6

Table 4 Comparison of index expression in different groups and gestational ages

R4 AFEAFARF G TR RAE L (n=10)

4L IL-6 mRNA MMP-9 mRNA TIMP-1 mRNA MMP-9/TIMP-1
Groups
G19 NS £H NS group 1. 05+0. 40 0.70+0. 15 1.57+0. 41 0.47+0. 17
FIRS #H FIRS group 10.49+1.10* 15.85+0. 67" 4.90+0. 55" 3.28+0.25"
RA £ RA group 6.98+0.96 " 6.43+0.83" 3.52+0.49 ** 1.85+0.27 **
P1 NS £H NS group 0.51+0.24 0. 63+0. 22 2.11%0. 56 0.33+0. 14
FIRS #H FIRS group 9.53+1.10" 13.09+1. 54" 5.40+0.79 " 2.46+0.40"
RA £ RA group 4.07+0.78 " 3.69+0. 65 * 2.84+0.76 " 1.36+0.32"*
P7 NS # NS group 0.53+0. 11 0.50+0. 13 1.24+0. 24 0. 40+0. 08
FIRS £ FIRS group 7.44+0.68 " 10. 48+0.98 " 4.20+0. 44" 2.52+0.35"
RA 41 RA group 3.58+0.94 %% 3.53£0.31" 2.74£0.53** 1.3420.32"*
P14 NS £ NS group 0. 46x0. 09 0.44£0. 11 0.960. 10 0.45+0.11
FIRS # FIRS group 6.74+0.69 9.09+0. 40 " 3.46+0.57" 2.69+0. 44"
RA £ RA group 2.87+0.89 " 3.36+0.59" 2.06+0. 46" * 1.67+0.98"*

7.5 NS 414k, * P<0. 05;5 FIRS 41 b4, ¥ P<0. 05,

Note. Compared with NS group, * P<0.05. Compared with FIRS group, *P<0. 05.
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