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[HZE] B #it2 40 WU SE (acute myocardial infarction, AMI) B 41 J& i 20 i R 7~ 26 35 K F , 3 B 3 5 3t
F) 3 (Killip) 43 9% . N % fiii 44 K 77 44 (N-terminal brain natriuretic peptideprecursor, NT-proBNP) .0 JL L %5 & 1 1
(cardiac troponin I, c¢Tnl) Fl L AR # it [7] T/ (creatine kinase isoenzymes, CK-MB) [ 4 S ¥4 , A D1l 5 7 11 > 0 A B
MWUG AR Al . Ak HI 20214 7 A & 20234F 10 A & B K28 K47 B B B9 312 6] AMT & E R
95 191 21, 5k B TR] BT UACTE A 2010 9] AS R A TR0 80 0 BB 3 P S X MR A WAC SR TF 9 %o 2 ) — M2 I AR 6k, R 22 B TR T
AR E B K GG I A1 1M 12 75 40 Jfd R 5 (TL-5 . IFN-a . IEN-y  IL-10 , IL-12p70  IL-17 . IL-18 , IL-2 . IL-4 . IL-6 |
IL-8 Fl TNF-a) B ¥ B2 |, 3 33 4k 2% & 6548 NT-proBNP ¢ Tnl il CK-MB,, b 4 4 21 B 3% 40 it X 1 B 7K SF , 434 0
5 Killip 43+ %% .NT-proBNP ., c¢Tnl K& CK-MB i) A & . 8 i 32 3 & T 4E £# 1F (receiver operating characteristic,
ROC) il & WAl 40 g [ 7 X AMI B B0 8k R . 2558 AMIZH %t 8 4 2 [A] ok 4F i A0 oA S 2 W ) G i % 2 5
(P>0.05) , AMI 41 TL-6 \TL-8 #l TNF-o £ ik 7K ¥ 55 T X B4 (P ¥<C0.01) o M S&PE 4347 7w T1-6 55 Killip 43-4%
NT-proBNP ,cTnl } CK-MB 7K -4 & 1IE A 56 (P7<C0.01) . ROC 43 M B7R , TL-6 7K -4 AMI B A K4 1 T 5%
B (AUC=0.8829,P<C0.01), #if IL-67E AMIE 3 HREW TS, B 5 Killip 47 % NT-proBNP ¢ Tnl & CK-
MB 2 IEAH K, #2758 1L-6 T AR A 1T Al AMIT ™ 5 A2 B i 7E A AR S o
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Correlation between cytokine levels in peripheral blood and severity
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[ Abstract] Objective To investigate the peripheral blood cytokine levels in patients with acute
myocardial infarction (AMI) , and to analyze its correlation with Killip classification, N-terminal brain
natriuretic peptide precursor (NT-proBNP) , cardiac troponin I (¢Tnl), creatine kinase isoenzymes (CK-
MB), and to provide a theoretical basis for assessing the severity and prognosis of the disease. Methods
A total of 312 patients with AMI admitted to Minhang Hospital, Fudan University from Jul 2021 to Oct
2023 were enrolled as the case group, and 201 patients with unstable angina pectoris were selected as the
control group. General clinical data of the subjects were collected, and the concentrations of cytokines
(IL-5, IFN-«, IFN-vy, IL-10, IL-12p70, IL-17, 1L-18, IL-2, IL-4, IL-6, IL-8, and TNF-a) in
peripheral blood were detected by multiplex bead-based flow cytometry. NT-proBNP, ¢Tnl and CK-MB
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were measured by chemiluminescence methods. The levels of cytokines between the two groups were
compared, and their correlations with Killip classification, NT-proBNP, ¢Tnl and CK-MB were analyzed.
The predictive efficacy of cytokines for AMI was evaluated by receiver operating characteristic (ROC)
Results There were no significant differences in baseline data between the AMI group and the
control group (P>>0.05), with the exception of age. The levels of IL.-6,I.-8 and TNF-a in the AMI group

curves.

were higher than those in the control group (all P<C0.01). The correlation analyses showed that 11.-6 was
NT-proBNP, ¢Tnl and CK-MB (all P<{0.01). ROC
analyses showed that 11.-6 levels had good predictive efficacy for AMI (AUC=0.882 9, P<C0.01).

positively correlated with Killip classification,
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Conclusion

correlated with Killip classification, NT-proBNP,

potential biomarker for assessing the severity of AMI.

[Key words] acute myocardial infarction (AMI);

& 1 0 WL AE 3E (acute myocardial infarction,
AMD) J2: 48 w1 T R 3 Bk i 3 2 8 s 20 5 g,
F0 I XIS it A3 495 R0 IR BB ) — Bl PR R, B
RURRAE R IR 2 s 22, R XL T
AMI T B7 32 W R T 5 i RS T & =5 ok, L
THAR & A BR R AU T R M i R R EE I Z — ¢
P At 2 2030 4 A [ AR AR AMT R 20T RE
i 2300 7 RAE RN AE AMI Y R Jié vh 7 18 5 5
AR A, U I 20 L PR R R T e Y O e
s BAT B o GO UREBE A AR I, 41 i B
T R B SE N, AT RE 5 A A0 M I 5 XUE 4R
PEVOTG Z2 R M5 5l 8 S 2R Y I 4, A 1S S
R0 4l i PR FE AMI Y 9 E 2N B 58 18 15 LA I
O JU AL A5 B A PRk A v S R R AR L i
A6 12 35 48 ffg B (11.-5 . IFN-o . IFN-y . IL-10 . IL-
12p70  IL-17 . IL-18 . IL-2 IL-4 . IL-6 . IL-8 . TNF-a)
B K S, AT LA 4 T e AMIT 3 14 Y 9 41 56 RN 2k
PR 77K 200 B 2 A WA B g S5 O, A B T e
s AMI AR AL, S 0 1912 I8 36 97 AU BF
i B A T B A

Killip 43 4% /& — Fh T 3F Al AMT G 3 96 1 ™ 5
FREHE (I R 43 28 05k, T 1967 4R ki i, B el
aak o g 3 vy O FHIN AT 1) i 728 7™ o 88 R J8L )5,
Killip 43 2% 15 %5 2 1 i PR T 25 VIAHOG™ o N i fi 44
K AT (N-terminal brain natriuretic peptideprecursor,
NT-proBNP) J& 0 JL40 M & 1 A ) bn 25 90 L 7
O FE YT R By O R B ARG B R S I R
BT T L R RS W AR R B RS AMI
BAEMER SRR DS E AL

cytokine; IL.-6;

The expression of IL.-6 was significantly increased in patients with AMI, and it was positively

c¢Tnl and CK-MB, suggesting that IL.-6 may serve as a

Killip classification

(cardiac troponin I, ¢Tnl) J2& 0> AL 20 M FE A7 (9 — il
a5 | 1, WL R W B8 [ T @ (creatine kinase
isoenzyme, CK-MB) J& L2 ¥ i (1) — Ffr [e] T Jif , —
W T AR T 0 WU R, 2O LA £ 1 2 A A
Py, 5T AMI A2 W 1005 PEAG DL KC IILAS 45 1 40
S G = ¢

BETE AT 5T 2 46 v T B0 — g 20 B A i PR 1 19 3%
TRARET Bl Z 6 22 B A PR T 25 A KO I R
GEVERESYT, T B0 40 L K - 2 5 AMIT Y 3 AR B ) 72
LK 40 i R34 R A= 0 6 35 0 A e R R v
IR . AROFFE BRI AMI & A0 1 12
T 240 PR 9 K P 3 5 o B G Killip 73 9% ONT-
proBNP ¢ Tnl K& CK-MB i A 56 1, PF Ak 1 26 41 Jig
A Ry DAl AMI ™ 5 A3 5 F0 15005 A2 A 3 4 10
w1
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WCAR B 5 (3) AR AR bR 3 T v 0 LAt J5E I 4
PEB 0 LA B RE 09 B A g 5 (4) B = it Y
I R 3% B B0 F, PR 90 S 4 1 A A 2 . AN FRE
LG ZUR 2 W A7 & OR R B0 8008 Ak ST B 4h
1o 0 LA FE 42 W AR T 46 B )12 Wb v . xR
A ABRUE : (1) 1l PRAE IR 3 B0 by A P B g, G
JEN G RIINES ST 1 - RTINS I A A R L A 6 R NS S ]
S5 () E R ST BEsk 48, an ST BLEAK . T
P AR AR &R 4 A8 AT R I ST Bedh ey,
{EAESE IR 22 i J5 ST B Al Ik &2 28 FE 47K F-; (3) ¢ Tl
A0 WU 3 A 5 0 A TE 3 1R 9 (S R T
(4) 5 G W & B 57 T30k O 808 B ARBY 55 ) PO &8
I LT RO SO BB A ST 0 S0 AF S A, R R 2
HEBR A5 4« (1) H At O IE 2% an AMT 0 WU L0 L
H& U WE AR JRE 5 L 5 R M 0 I 55 5 (2) 5 iR 30 ik s
75 G 5t bR B kB 7 AR B =50 0, A7 A e R Bl ik s
25 25 B 1) ™ E AR 3l DKo 22 5 (3) 3 3 H AR A Uk
Pk e B B G g% PR AR RE P 5 (4) SR
B D REAS 4 PRI | I AR SN
R FEREREMIER IEF R
— M GERE L AR R I AR S LR I s OB PR B L
JIg i B0 A o Killip 43 258 8 56 .0 UE T 12 i 3
4 I PR E PR SR e e, A R AR 4G T (T
FE L O T3 3 v ), AR T il S M B I 0 )
T (AR AE O IEWT 2 1E & WA O R 5 = a3
kR TR R ER e ) =), &
HF I M P AELS e i B Y — 2 AT R A O
=B R/ Bl ik 5K I 9 (R B Sl P O ) %
vy ), BE ATz B IR A — o R
A3 ) I PRI XE TR A S B K 5 IV (o T
PER TE ), FBE 2 B ko0 VR 1 AR B 1) 11 PR IR, A 3%
B i [ W48 1 <<90 mmHg(1 mmHg=0.133 kPa, F

[] ) B R 2 A8 T P 24 W 2 i s ] L DR B 0D
FEIETEAS B (IR ks B B R 55 ) .

AR B E A BE I HOR 5230 97 T W EDTA-K,
B BE B K 1M 3 mL, 1 000X g B .0 10 min, 43 &5 H 1fiL
W H I BD FACS Canto 11 3t =X 40 A AR I, 328551
WA FL B B 35T LR AR R B 03 A PR A R A X
6] 25 oA 2.44~10 000 pg/mL, ¥l 45 5 <<2.44 i+ K
2.44, NT-proBNP . cTnl 1l CK-MB K&l , 75 5% 4
H N BE I HoR £ 3200 97 H R I R R 0 EE KO
3mL,1 000X g#&.0> 10 min, 7 & H 103K, % [
cobas €601 43 Hr A , 1250 W | % (G2 W= b (
) AR

ZitZE S R GraphPad Prism 9 #XF#47
it o b, BT R ] FE R e K g, IE S 0
A BT OB A 7 + s TR 21 8] b Al 2 K 55 5 D
B A T TR L M(P,,, Poy) fifi A, 41 18] bb A
#£ Mann-Whitney U ;5% , i /] Spearman 75 ¥ *f E
TE 2543 A1 1 BE R aE AT AR SOG4, B SPSS 19.0
Gt R AR T SO (] A2 AR
fif (receiver operating characteristic, ROC) #f £ ¥ 4k
FRPR BN ALRE . P<<0.05 M ZER A G5 X,

4 25

—RIGERZRIEEE AMIZH 5% BAM L, 17E
PRSI e I S E PR S g I ILE SR A R 2k T R
MR EES, MNEFB EHELS Y (P
0.01) o AMI 41 # # Killip 20 %% . T %% 209 1
(66.99%0) . Il % 66 7 (21.15%) . Il 9 28 fi
(8.97%) N g 91 (2.89% ). AMI4L NT-proBNP,
¢Tnl 1 CK-MB /K *F- 3 8] & & T % ] 4 (P<
0.01,% 1),

F1 2010 ULAE 5L H A0 3T B8R 4H B — AR I R 23 B EE 3R

Tab 1 Comparison of general data between the AMI group and the control group

Male/female 156/45
Age (y) 66.12+10.79
Hypertension 138 (68.66)
Diabetes 73 (36.32)
Hyperlipidemia 88 (43.78)
NT-proBNP (pg/mL) 45 (21,100)
¢Tnl (ng/mL) 0.01 (0,0.02)

CK-MB (ng/mL) 1.37 (0.90,2.28)

[T+s5, 2(%) orM (P,, P ]

248/64 0.257" 0.612
61.48+13.48 4.102" <0.001
193 (61.86) 2.468" 0.116
101 (32.37) 0.850" 0.357
126 (40.38) 0.580" 0.446
358 (161,780) —13.886° <0.001
6.06 (0.70,24.27) —17.846° <0.001
59.88 (11.70,194.40) —17.141° <0.001

axl, b[, (‘Z.
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WA EFRIEKFLLER O HEBR A K& X
SER T NN AE S Ry i i ) L A
YA RS . AMIZLAME I 1L-6 1L-8 Fl TNF-o % ik
KAV TR R A 2 SR A ST R (P
0.01) o IL-5.IFN-a IFN-y IL-10.1L-12p70 IL-17.
IL-18.1L-2 1 IL-4 75 P9 41 [a] 1) 26 ik /K °F G B 8 25
(K 2).

4 Bl E F R 3£ K F 5 Killip 5 2% . NT-proBNP,
cTnl % CK-MB 7K FER XM X AMIZE# SbE i
21 R ¥ 26 35 7K F- 5 Killip 43 %% \NT-proBNP ¢ Tnl
K CK-MB /K F i 47 A &% 43 o 1L-5 5 NT-
proBNP .¢Tnl }¢ CK-MB £ iEA#H X (P<<0.05) ,1L-10
5 Killip 43 2% B¢ ¢ Tnl £ 1EAH & (P ¥7<20.05) , 1L-17

*2

5 Killip 43 2% & NT-proBNP &£ IF #] 3¢ (P<<0.05) ,
1L-6 5 Killip 43 %% .NT-proBNP ,cTnl K CK-MB £
1EAH 2% (P<<0.01) , IL-8 5 Killip 43 2% & NT-proBNP
B IFAH 5 (P<<0.05) , TNF-o 5 Killip 43 2% & 1F 4 %
(P<<0.05)(#£3).

ROC H £ 1T i #& M 45 #5 XF AMI #9 1 ) 34 B¢
XA S 4 B b P<<0.05 B9 FE bR 2 il ROC Hh 28, 25
W, Tl #0M A {H i 4 (AUC=0.965 9, P<<
0.01) . CK-MB 1y AUC 4 0.947 9(P<<0.01) ,IL-6
f) AUC 4 0.882 9(P<<0.01) , NT-proBNP ) AUC
90.862 9(P<0.01) , %F AMI H A7 %5 i () 1 I 3% RE .
IL-8, TNF-a, IL-5, IL-17 A1 IL-10 #Y AUC ¥ <<
0.6 (K1),

SO BILE 5T 4B A0 R B AR B SR E K E LR
Tab 2 Comparison of cytokines between the AMI group and the control group

(M (st’ P75)J

IL-5 2.44 (2.44, 2.75) 2.44 (2.44, 2.86) 0.124 0.725
IFN-« 2.44 (2.44, 3.97) 2.44 (2.44, 2.44) 0.000 0.991
IFN-y 3.67 (2.44, 6.50) 2.44 (2.44, 5.45) 0.248 0.618
IL-10 2.44 (2.44, 7.74) 2.44 (2.44, 2.44) 1.280 0.258
1L-12p70 2.44 (2.44, 2.44) 2.44 (2.44, 2.44) 0.283 0.594
11.-17 14.74 (3.35, 7.43) 7.31 (3.04, 14.08) 0.396 0.529
IL-1B8 5.89 (2.46, 10.72) 5.36 (2.44, 9.62) 2.828 0.093
IL-2 2.44 (2.44, 2.44) 2.44 (2.44, 2.44) 0.385 0.535
IL-4 2.44 (2.44, 2.44) 2.44 (2.44, 2.44) 0.150 0.699
1L-6 2.59 (2.44, 4.70) 15.26 (6.99, 34.14) 31.425 <0.001
IL.-8 2.44 (2.44, 6.16) 4.38 (2.44, 10.17) 9.397 0.002
TNF-« 2.44 (2.44, 2.88) 3.15 (2.44, 4.12) 12.222 <0.001

The detection range for all twelve cytokines was 2.44—10 000 pg/mL. For any detection result below 2.44, it was recorded as 2.44.

£3 HARETFRIEKTESKilip 2 2% .NT-proBNP . cTnl & CK-MB §18 % 4%

Tab 3 Correlation of cytokines with Killip classification, NT-proBNP, ¢Tnl, and CK-MB

1L-5 0.092 0.107 0.147 0.010 0.133 0.019 0.153 0.007
IFN-« 0.110 0.053 0.051 0.374 0.094 0.097 0.079 0.163
IFN-y 0.026 0.646 0.007 0.901 0.008 0.886 0.037 0.511
IL-10 0.125 0.027 0.011 0.844 0.114 0.044 0.082 0.149
IL-12p70 0.063 0.270 0.143 0.012 0.122 0.032 0.119 0.035
1L-17 0.164 0.004 0.145 0.010 0.085 0.135 0.051 0.370
IL-1B 0.007 0.899 0.046 0.420 -0.018 0.745 —0.003 0.957
1L-2 —0.020 0.720 0.086 0.129 0.107 0.059 0.094 0.096
1L-4 0.012 0.837 —0.138 0.015 0.015 0.789 —-0.027 0.635
1L-6 0.563 <<0.001 0.457 <<0.001 0.165 <<0.001 0.252 <<0.001
1L-8 0.259 <<0.001 0.153 0.007 0.060 0.287 0.043 0.449
TNF-«a 0.142 0.012 0.047 0.405 0.024 0.676 0.033 0.558
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Indicators  AUC 95%CI Sensitivity (%) Specificity (%) P

——¢Tnl 0.9659 0.9520-0.9799 91.99 92.54 <0.001
9 — CK-MB 0.9479 0.9302-0.965 6 83.33 94.03 <0.001
E" — IL-6 0.8829 0.8536-09121 79.49 87.56 <0.001
= —— NT-proBNP 0.8629 (.828 6-0.897 2 81.73 82.09 <0.001
E — IL-8 0.5894 0.539 5-0.6394 53.21 66.67 <0.001
o TNF-u 0.5300 0.479 5-0.580 5 14.10 94,03 0.251
i IL-5 0.5119 0.460 8-0.563 0 31.09 74,13 0.650
J(d i IL-17 0.508 9 0.457 6-0.560 2 64.42 39.80 0.734
J 7 — IL-10 0.5003 0.449 1-0.551 5 1.28 100.00 0.991

i

0 20 40 60 80 100

1-Specificity (%)

B1 mEFHNAMI=ERE RN ROC #4
Fig1 ROC curve of cytokines for predicting the severity of AMI
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— P EAH Z R A YR I R A I T A AMT &R
B, R0 JULZE 2 e i ke 40 S8 03007 B4 - 0 4 i
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NNl o S B N B o0 1 B R 7
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R Ty — 5 T AW 5T 49 B AMTSG 1] Killip 73 2%
PLT g2 A Il 9k 5 (305 88.14 %), B WF 58 56 1,
A i DR A Killip 43 2% e 149 90 v ot o T8 o W 4
TL-1 2% B9 4 B8 16 M Al B3 TL-1a AT TL-1R A3 RL Y



254

HHARR(ESE) 2025483 H,52(2)

fER MM 7, 8810 T IL-1a A1 IL-1B Bk = 5 5
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A R L, 3kt O LA B 3 i — 2 9 R

A& P B & B IL-6 5 Killip 43 4% . NT-
proBNP . c¢Tnl & CK-MB /K ) 5 1E 4 3¢, ROC #ih
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A 588 o 40 i - Rk OK 5 AMI A 1Y
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S AT R B, TL-6 7K S 4 52 95 1) 7™ 7 R 3 R T
Al AE HL A — 1 T AL R, R AE b v AE 3R T R
Mo AEARBFRAARTE — & MR BRPE . (1) AMI &
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