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PAH) MFFAE R R E Z MM E R . Fik il 4190 A 85 ] CHD & & , R4 A7 0 48 AR W45 19 °F ¥ Jili 2 Ik
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Correlation between serum IL-32 and pulmonary artery pressure in congenital heart disease
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[Abstract] Objective: To explore the correlation between serum interleukin-32 (IL-32) level and the presence and severity of
pulmonary arterial hypertension (PAH) associated with congenital heart disease (CHD). Methods: Eighty - five CHD patients were
enrolled in the experimental group, and these patients were divided into the non-PAH group (PAPm<20 mmHg) , grey area group
(20 mmHg<PAPm<25 mmHg) , mild group (25 mmHg<PAPm<35 mmHg) , and moderate-severe group (PAPm=35 mmHg) by mean
pulmonary artery pressure (PAPm) measured using right heart catheterization ; the control group consisted of 30 healthy adults.
Enzyme - linked immunosorbent assay (ELISA) was used to measure serum IL-32 level in various groups, and chemiluminescent
microparticle immunoassay (CMIA ) was used to measure the plasma B-type natriuretic peptide (BNP) level in the experimental group.
Results: Serum IL.-32 levels in the moderate-severe, mild, and grey area groups were significantly higher than those in the non-PAH
and control groups. The serum IL-32 level in CHD (Qp/Qs=1.5) patients was significantly higher than that in CHD (Qp/Qs<1.5)
patients. The serum IL-32 level was positively correlated with PAPm (r=0.377, P < 0.05) , pulmonary artery systolic pressure (r=0.286,
P <0.05),and Qp/Qs(r=0.266, P < 0.05). Receiver operating characteristic(ROC) curve analysis found that the performance of 11.-32
in the diagnosis of PAH (PAPm>20 mmHg) was non-inferior to BNP, and diagnosis using the combined IL-32 and BNP had higher
sensitivity , positive predictive value, and negative predictive value. Conclusion: Serum IL-32 may be a biomarker for PAH associated
with CHD.

[Key words] congenital heart disease ; pulmonary arterial hypertension ; interleukin-32 ; circulating marker

_ [J Nanjing Med Univ,2023,43(01) :040-045]
[(BRemB] FEmRHa I H (JCZ219107)

*ﬁfﬁ‘ﬂf%((:orrespunding author) , E-mail : sofia_l@163.com



543455 1) B, XS, KR4 4. S T Co I A SC it 3l bk e 1 ML TL-32 A28 £ il 3l bk AR

202341 H

FMERFE[) ], st R A2 i (A SRBR2A AR ) ,2023,43(01) : 040-045 < 41 -

S R 0 E 95 (congenital heart disease , CHD)
R IR H UL ST R M At AL S e 1%
1y Hr AR 2L . il 3l Bk & (pulmonary arterial
hypertension, PAH )& s A\ CHD B9/ 8 3 & 5E , &4
BN 5%~10%", PAHFRSWIHPFED:, I\ CHD (¥
TFUG R R BNH012 0 PAH R 275 3 6 4E I E)
RV TE Ao il ot A 5K TR YT R AR T AT KU L (R
CHD-PAH PR AL SRR = . EAT, 1281 S EAh
PAH " H R I SRR AT O FEAR (A2 = B
MELUTF I, oA BIR A 28 A, Gk T PAH
REE WK IBE DT S S VA o I IR T o
O Bl EIN A5 1) =9 e 2 It 8L 88 SF A0t 5 il 0 ik Wi 4
J (pulmonary artery systolic pressure, PASP) , {H
S, QI B R WA AR A I M DA & (TE =R
TSP N 42 ), T ELAG B0 PASP % R R . i T
CHD-PAHYK N B 44, HEEM &M E N R4,
H i i A & SLBAR P LE )b . 125 R 1k AN
B 7Y i €1 Ik (B-type natriuretic peptide, BNP)/N i i
ENAKETIA (NT-proBNP) # )72 J T CHD-PAH £ 5%
B4 RGBS PP, (H L AZ AR ) O DB A S S5 T 2
AR Y STR R N =S Nl = e 1 G - VN
T A M kR RS W T CHD-PAH 8 25 (1 5 40112
Ko E R R TTAL

141 % -32 (interleukin-32, 1L-32) & — i B2
RN T, H mRNA BEFEIE 874 7] 7= 4= 9 FfoR
[ W72 TL-32c  IL-32B L IL-32+y . [L-323 . IL-32¢ .
1L-32¢ . 1L-327 IL-320 1 [L-32sm, H:H IL-320 5 5
ey, M IL-32y AR s e o > o BRI IR B,
IL-32 FEAE AT JEAAR AAEHBI BURRIE 1) &0
BLI A B CEEMIEM . 1L-322 5 2 50%
R AL TE 1S PR R ZE M e L e B RO AR B R
KRS RN Wegener R ZF I SE905 . LA BFSE
R IL-32 5 20 M A5 B 2 DIAHOC , W sl kit
FERE AL TEEAR B DRI FI0 Ty T2 . A NS R 1)
&, IL-32 B UE S 76 55 & P Il 3l ik &5 s (idiopathic
PAH, IPAH) ifi AR 9 A8 1 55 5 PN 52 40 it v 2 3K
Bafme', Bt — AL 18 151 25 Gt i AL e AH 56 il
B ik e s R 5 R 15 1 TPAH BB 3% 9 BIF 9T 48 1, Ifi
T IL-32 Al BEJE 0 & WHO 25 1 28 PAH B EH 10 A 1
AYER G RAETERGALZUF 7 AR, {H CHD
AH & PAH TE O JIE fiff 701 5 B A= BRI IR 45 Jm) 55 5
T 55 Ho At PR 5 12 A PAHL B S S [] , PR TL-32 i
T /E A CHD-PAH B34 AR bR S e A frilk— 4
e,

1 X&FAE

1.1 %

TR AIZH A 2018 4F- 9 J1—2021 4 5 H Wit f g i
KA IR B BEA T 470 A48 R CHD R 3t 85 441,
61 F5 66 4] 5 [8] BF S 4t (atrial septal defect, ASD),
17 1513 ik T 48 A FA] (patent ductus arteriosus, PDA ) L)
Fz 2 0] =5 [a] b e 46t (ventricular septal defect, VSD) .
PAAbRE : D> 18 % ; @12 CHD., HERRFRIE :
O Ath J5E PR3 200 il 7 1 (pulmonary hypertension,
PH) ; @ HAt 5K 5 [H2 19 PAH; @2 TA ; @ Y
JHE DIREAN 4 s @B PEBEN ; @ MR O Atk
A RE S MR I 1L-32 7K SF- 19 952 9% 5 @PAH 412 1] 25
VAT o WIE 4RI rE , PH & X FEREST,
SE- 247 il 2 Jik . (PAPm ) =25 mmHg"™®', £ T 45 /S
TH S il 2y Jok v R e RS e 2 4 1 T SR Y R
20 mmHg""', 3 T I, ARWF AR TS A7 .0 T8 AR AR
(9 PAPmKS HA3 A 4 41 : JC PAH 2 (PAPm=<20 mmHg)
24 5], K £2 X ] 2 (21 mmHg<PAPm<25 mmHg )
28 ], 2 5 41 (25 mmHg<PAPm< 35 mmHg)20,
A (PAPm=35 mmHg) 13 {7l . X} BB 494 A T 5
T R 27 B e = [ A A 1) gt B Al N 3 30 1], 4 A
e : OIS > 18 % ; QM 75 .0 3l KN A5 %) PASP 7£
IEHFJEEZ N HEBRbRE : 2808 CHD; @™ &
JH B D REAS 22 s B GL M s @M g s @A
A B S MR IV 1L-32 7K F B89  © & I LA mT fig
518 PHEL PAH RSO . AT 3RS i K2t
J& BE BE Ao 22 O 23 L HE (Ji 5 : 2016-52) , 210
W HR BB EEFE.
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Graphpad Prism 5 3% {425 & . A 50 Bl 19 1E 28 41
M, AR A IES oA, i R LYY
Babn i 22 (v = s) Ko, 19 20 [A) 45040 1 be 3ok H
MSTREAS ¢ K 55, 22 20 T BSCH 1Y e 3R B R
07 2500 (ANOVA) o AEIEZS /3 ) e 828 1 T v
PEEL (DU EO [ M (Pas, Prs) 132715, P 2H 18] K45 119
3R Mann-Whitney U K56, 22 20 [8) 5088 09 HE 388
K H Kruskal-Wallis #5610 REURH R 4511 2058
o5 22 7, 2R FH ¢ K 50 5% Fisher A5 B A R 35 K 56 o
Spearman FkAH 43 HT FH T8 1 22 8] (1 AH M5B o
MedCale 5t 3% 14 19.6.3 I T2 il 32 1 # AR

FFAE (receiver operating characteristic , ROC) £k , fif
JH Hanley 1 McNeil 777 FbB 26T 1 FH (area under
curve, AUC)IZES: . P<0.05 NZEFAGHH L.

2 & B

2.1 —IHA I

AL LA o A SEJE A ST K BNP L PAPm
PASP LK iififit A7BH JJ (pulmonary vascular resistance,
PVR) B ZES A Geit =i X (P < 0.05) . A4 AETE
RG-S B BRAGE T L5 7 1 G Wk % 22
SH(P>0.05,%1).
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Table 1 Comparison of clinical data among various groups

— X HE AL JCPAHZH KEIXEg  REPAHY]  hHEEPAHY] Pl
(n=30) (n=24) (n=28) (n=20) (n=13)
(%) ] 25(83.3) 18(75.0) 16(57.1) 16(80.0) 10(76.9) 0.224
R (B v £5) 46.9 + 142 432+156 464 %153 52.0+13.0 503+ 184 0.364
IREARE (kg/m®, % £ 5) 233+25 222+35 23.1+37 243+39 229+33 0.380
ASD/PDA/VSD(n) — 20/4/0 23/3/2 14/6/0 9/4/0 0.318
FIAIEL (X 104N, £ 5) 6.4+2.0 5309 5915 57+15 59+1.1 0.143
TR (XTO AL, £ 5) 3.6+14 3.0+09 3510 3513 3.6+0.8 0.415
WREANIT AU (XTO AN, % + 5) 2.1£0.7 1.7+0.6 1.9£0.6 1.7+0.6 1.8£0.6 0.140
Wk AR A [ M (P, Ps) ] 17(1.3,22) 1.7(1.4,22) 1.8(1.5,2.4) 2.0(1.4,3.0) 2.1(14,2.6) 0.647
MAEA (YL, x+s) 1332+ 12.7 127.8 £15.7 138.4 + 14.1 130.6 £ 9.6 128.5+22.8 0.085
TSR SERE (%, M(Pas, )] 12.1(11.7,12.8)  12.6(12.0,13.4) 129(12.1,13.9) 13.2(12.9,13.5)  13.6(125,16.7)  <0.001
HILEFL wmol/L, M(Pas, P5s) ] 54.5(50.8,63.3) 58.0(50.0,67.0) 61.0(47.5,67.0) 55.0(46.5,61.8)  55.0(46.5,63.5) 0.762
25 1 A mmol/L, M(Pas, Prs) ] 5.3(4.9,5.9) 4.8(4.3,55) 4.8(4.4,54) 5.1(4.7,5.5) 49(4.6,5.7) 0.118
S E (mmHg, % + 5) — 93.8+10.8 839103 86.6+8.9 829+113 0.003
BNP[ pg/mL,M(Pss, Pss) ] — 13.6(10.0,47.2) 36.1(17.0,79.1) 61.0(26.9,162.9) 156.0(84.2,256.2) < 0.001
SRS Bk [ mmHg, M(Pas, Prs) | — 17.5(16.0,19.8) 22.0(22.0,23.0) 29.0(26.5,31.8)  43.0(37.0,45.0) < 0.001
Fitish Bk s e [ mmHg , M(Pas, Prs) | — 28.5(25.3,34.0) 33.0(31.0,36.8) 41.0(39.0,46.8)  66.0(58.0,70.5) < 0.001
i it RE 1 [ Wood , M(Pss, Prs) ] — 2.3(1.5,32) 24(2.1,34) 3.6(2.8,6.1) 6.9(4.4,10.8)  <0.001
TRA MEMAEE %, M(Ps, Prs) ] — 83.1(77.9,87.9) 83.5(80.9,87.7) 85.1(78.1,88.6)  82.1(70.7,85.1) 0.346
TSGR L b o[ M (Pos, Pis) | — 1.3(1.1,2.7) 2.5(14,3.1) 1.7(1.3,3.0) 1.7(1.1,2.5) 0.089

2.2 AR do i 1L-32 69 ik

rf H R 20 [87.3 (46.5, 132.4) pg/mL] % B 4
[66.1(34.2,124.5)pg/mL | FIK A X 8] 2H[77.9(34.7,
112.3) pg/mL ] 4 IfiL 35 TL-32 7K V- %% JC PAH 41[37.9
(16.5,52.9)pg/mL] K XF HE2H[31.5(17.7,38.7 ) pg/ml. |
W T A RS KA X Rl LA KT
PAH 215 X} FR 4L 2 [R] (4 1L 375 1L-32 7K 0 i 35 22 5%
(1) o AR DG A 1 38 12 HE (Qp/Qs ) R/IN K5
5 40 HHT 0 20 R 43 e K CHD 28 (Qp/Qs =1.5)
K43 /MR CHD 41 (Qp/Qs < 1.5) , B I3 i &

() CHD £ Ifi 3% 1L-32 7K F-[ 75.5(37.4,114.0) pg/mL ]
BT/ RMY CHD 41[43.6(31.0,59.6)pg/mL ]
(K2),
23 HEESH

CHD £ 3 IfiL 7 1L-32 7K % 5 PAPm ., PASP .
Qp/Qs . 35 TF AH OC (AH ¢ F B WK 43 71 o 0377,
0.286.0.266,P < 0.05, 1 3~5) , 15 BNP .PVR iR &
I AN (Sv02) e i E ARG . Qp/Qs FTPVR it
FAM 6 (M6 R %0-0.489, P < 0.001, K1 6) ; 1M 5
PAPm PASP JC i EHH M
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//qy? 939 /9/@ /@ ‘{/@ 11-32(pg/ml.)
&/@ &&« &/\\ w\« @@; B4 MiEIL-327kF 5 PASPIEHE%
< ,<}, “.‘
> & > 5{%’ » Figure 4 Serum IL-32 level is positively correlated with
& LS
¥ PASP
W4 b3, P < 0.05,""P < 0.001.
1 S IL-327KF45HT 15+
r=0.266
Figure 1 Analysis of IL-32 levels in the five groups P<0.05
124
" 9'
3001 < .
*% & 6- o0
oo o o
= 0 e ® of o ®
a 0 50 100 150 200 250
= 1001 1L-32(pg/mL.)
T B 5 MmiEFIL-327KkF5 Qp/Qs IEFE%E
0 T T Figure 5 Serum IL-32 level is positively correlated with
Qp/Qs=1.5 Qp/Qs < 1.5 Qp/Os
(n=50) (n=35) P
WAL, "P <0.01,
E2 CHD(Qp/Qs=1.5)MMEIL-32kFEF CHD(Qp/Qs<1.5) 107 r=-0.489
P <0.001
Figure 2 CHD (Qp/Qs=1.5) serum IL-32 level is higher 8 o <
than CHD (Qp/Qs<1.5) 6 o ©
=
= e
S 4 e @
3 9% .
1007 r=0377 | oo .
201 P <0.001 PHMEN oms 2 o®
/‘5\0 . 0 T T T T 1
s ° 0 3 6 9 12 15
£ 60
g PVR(Wood)
= U ° ° .
é 40 ‘, S e iy E6 Qp/QsFIPVREtHX
= 20- o 88 Figure 6 PVR is negatively correlated with Qp/Qs
® T e
% 50 100 150 200 250
IL 3oyl I 11.3 pg/mL B, 2 W7 PAH 1) R 5% R 93% , 45 5+
By ] i y P Fii
B3 M IL-32k 5 PAPm EAE J¥ 4 50% , K @mﬂﬁ@vm 83% , [ 1k T 0
Figure 3 Serum IL-32 level is positively correlated with (NPV) 2y 75% ; =4 1L-32 T {ELHX 58.49 pg/mL I,
PAPm W PAH A REE H 62% , F5 5 1 4 92% , PPV
95% , NPV 4 49% . 1L-3212 Wi PAH [IRLBEAR 45 T
2.4 ROC W& BNP(IL-32,AUC=0.778; BNP, AUC=0.765; P=0.86)

T WESE IL-32 B B2 B CHD-PAH B {H, 3%
1 K A5 X (R 4 9 A PAH 41, B PAH {8 5 XKy
PAPm>20 mmHg, ROC {14 734 & 81 >4 BNP # W {E

JL4% BNP B4 TL-32 19 AUC 55 50k i 1 BNP ()
AUC B4t 224 5 (P=0.09) , {H H HA ¥ 51 R
B BHAE T A R P O (R 2 8 7) .
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Table 2 ROC curve analysis of serum IL-32, plasma BNP,and combined PAH diagnosis
1&¥r AUC(95%CI) SE R (%) T (%) PPV (%) NPV (%) Py
BNP 0.765(0.661~0.850) 0.059 93 50 83 75 <0.001
11L-32 0.778(0.675~0.861) 0.049 62 92 95 49 <0.001
BNP+IL-32 0.855(0.762~0.922) 0.042 77 92 96 61 <0.001
100} MY S B, v E RS N B PAH BRE Y I
sl IL-32 7K TJC PAH [ CHD (3 . 1L-327E 27
~ f o G REAM ML (N A AR R A T 40 A% i LB
= Y IR ) T G2 40 (P9 B 40 S DL AL
ﬁ 40 ql BUEF AR ) v 3k, H ™ Az 32 AN W) 1) 4 L PR 5 (A
o IL-1B . IL-2 IL-18 \TNF-a , INF-y) i 51, 2 tn]
: D 22 AR 9 1 40 i PR 9 A 8, A4 TNF-ar
(1] A T
0

P |
20 40 60 80 100
100-FF52 £ (%)

E7 IMmEIL-32.003 BNP REXSISHTPAHE] ROC M k5317
Figure 7 ROC curve analysis of serum IL - 32, plasma
BNP, and combined PAH diagnosis

R B 22 B kAR 2 BH 98 0 7 PAH Hp it 5 %2
YEH . FEse i i PR i AL IR 7 PG K- T i
WIL-18 IL-2 . 1L-4 . 1L-6 . 1L-8 . I1L-10,IL-12 ,IL.-18
it 98 ¥R B Rl T -« (tumor necrosis factor-o, TNF-at)
v-T-H & (Interferon-vy, IFN-vy) . CXC #1k [H 1 Fi /&
10(CXC chemokine ligand-10,CXCL10) , #8435 %%
4™ B AR R AR AR AR AR OGO R IR PAH
IR AE B AEAE S RE AU LI , A 45 T RN B Ik L 4
i AR EEYE T A0 M Al BIYE T4 . A ARG 40 |
BARZ AN R | WA B A B RN AR S At R
B NNT—BON N 555 M G e HLTHIAE PAH (1955 B4
Pz R R FEAE L (E6 S0 2 A5 5 SR A AR R
S 241 L o G 5 44 2 o - 3550 948 M o A ) A FE B
AR Z D o BREIFSE R TL-32 /& N K 402
FIE A DCHER 1 700 171 P B 40 M ) R R F PAH %
it R ZOCHEEMEN . SIEMFREBEI,
1L-32 B M4 A= st , E 78 TIPAH Jili AR5 722 i1
SN A R E I IL-32, F H AT RS 5 T X
MG S R DN B A R P T S R B ok B A T PN B R
JL T RE A B T 3 Jok 5 88, S 30 A8 i P4 2K 1L-32
BN A A B FR P B A A= 0 2 v 5 i AR I A A
A,

IL-1B . IL-6 . IL-8, ¥ /3 & i i NF-«kB B p38 MAPK
WASLELAY WX SE A 4 T LA (S S
R 5 PAH UM

B 55—t B 30 ks s R i 23 (WSPH)
DI, PAH #{E SR # AR T PAPm=25 mmHg,
HAERF RS O RARE 2RI, kA EWZi
H W EHTEHE BR , IEH PAPm 4 (14.0+3.3)mmHg,
PAPm>20 mmHg = T F-¥{E 2 M Frife 22, Hom T IE
W R CGET 25 97.5 A 4L 1% SURSE TR
ko WM B% 5 PAPm T AH2G , PAPm 78
21~24 mmHg, W &b 5 17 g 1) AU 2 vh |, dc il 2
A Z A B K 20 mmHg /E 2 PAPm IE % {H 1Y
BRI ARG K K G X (R ZH ) CHD B I
1L-32 7K F 15 T J6 PAH 41 B9 CHD H # , %1 1L-32
FE P L AR Ab il 1L-32 W AR A R T
CHD-PAH By 5 12 b T HiR97 -

I3 3l 1 2 Z U2 B S PE AT PAH [ OG5S
Fro ABFFE KB, M35 1L-32 /K5 PAPm  PASP &
1EAH S, 3X 5 Di Benedetto 557 FUAF 75 45 18 AH L, $2
NIL-32 AT RES S T ERR | I 1L-32 BA7 1A
CHD-PAH B ™ E AR E M 1. CHD-PAH i# 4k
RTAE WA o3 i A A UL Bk A4S VSD |
ASD FIPDA , i ifi 37 £ )38 22 B A J2& CHD Jifi i 457
FEIAEE AR R . AR5, ia K
CHD £ (Qp/Qs=1.5) IfiL3 1L.-32 /K- T4 ik i
/NI CHD 2% (Qp/Qs < 1.5) , HH 5 Qp/Qs F1EAH
K, FRWI MG 1L-32 A] B B A PEAG CHD 854 1M 3l
TR T

W IR A5 X ] 2H 9 A PAHZH , BV PAH [BI{H 8 SN
PAPm>20 mmHg, AFRIT 11.-32 1T CHD-PAH .1
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W E . ROC s &3, 4 IL-32 #HT
I 58.49 pg/mL I, 2 PAH B R EUE H 62% , #5757
JERIR 92% ., MR Z BRI, ZFP A Y bR
YIBK G A TR IO S e 1 5 B, R 3R AT T3k
— ST T 1L-32 B54 BNP 26t PAH B8, & B1
1L-32 21 PAH 2 fiE N4 T BNP, )45 BNP I &
1L-32 /) AUC 58l i I BNP A AUC BSE T 2222 5
(P> 0.05) ,{HCELAT 01 5 A 23 05 | BH P 000 {6
FF P T

AR IRAFAE— L BRPE . B0k, IR —T0
HUGDIEIE, BB REEA R . R ARBIRGE BT A
F & RENS PN TL-32 A9 3 Fh EE WA (o B ATY) ,H
ANBEHN Y, R LA TR AN [R] I A 7E CHD-PAH
TR AR
[ & Hk]
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