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Clinical study on the diagnostic value of hemopexin multiplied by apoB within patients with
coronary heart disease
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[Abstract] Objective: This study aims to explore the relationship between the oxidative stress-lipid metabolism composite biomarker
Hpx - apoB[ the product of hemopexin (Hpx) and apolipoprotein B(apoB) ] and coronary artery disease (CAD), and evaluate its value in
clinical risk stratification. Methods: The study utilized liquid chromatography-tandem mass spectrometry to quantify plasma Hpx levels
in 107 CAD patients and 33 controls without CAD, collected the clinical data, and constructed a multivariate logistic regression model to
analyze the association strength between Hpx - apoB and CAD. The predictive efficacy of the model was evaluated by area under the
receiver operating characteristic (ROC) curve (AUC) and net reclassification index (NRD). Results: The Hpx « apoB value in the CAD
group was significantly higher than that in the control group (P < 0.01). The Hpx - apoB value was significantly increased in patients with
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acute myocardial infarction, acute coronary syndrome, and multi - vessel coronary artery disease (all P < 0.01). Multivariate logistic

regression analysis showed that Hpx + apoB was an independent risk factor for CAD (OR=2.554, 95%CI: 1.336-4.881, P < 0.01). The

ROC curve showed that its AUC for predicting CAD was 0.667, and the predictive efficacy was significantly improved when combined
with C-reactive protein (CRP)+low-density lipoprotein cholesterol (LDL-C): AAUC=0.106 (P < 0.05) , NRI=15.6% (P < 0.05). After
integration with the clinical risk model, it showed a higher predictive value, when integrated with Framingham score: AAUC=0.076(P=
0.139) , NRI=27.0% (P < 0.01) ; when integrated with SCORE model: AAUC=0.142 (P=0.093) , NRI=37.55% (P < 0.001). Further

subgroup analysis revealed that Hpx - apoB has a stronger predictive ability for CAD in men, smokers, and patients with impaired renal

function (P < 0.05). Conclusion: Hpx - apoB, as a composite indicator of oxidative stress and lipid metabolism, can independently

predict the risk of CAD. When combined with the clinical risk score, it significantly improves the risk prediction efficacy.

[Key words] coronary heart disease; hemopexin; apolipoprotein B; risk stratification; risk prediction
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Table 1 Baseline characteristics of the research subjects

Characteristic CAD(n=107) Control (n=33) P
Age[ years, M(Pas, Pss) | 60.00(54.00,69.00) 61.00(56.50,69.50) 0.492
Male[n(%) ] 89(83.18) 7(21.21) 0.001
SBP(mmHg, M(Pss, Pss) | 121.00(111.00, 130.00) 126.00(111.00,139.50) 0.246
DBP(mmHg, M(P»s, Pss) ] 70.00(65.00,76.00) 71.00(65.50,80.00) 0.246
Smoking[n(%) ] 51(47.66) 9(27.27) 0.039
Hypertension[n(%)] 68(63.55) 19(57.57) 0.536
Diabetes[n(%) ] 36(33.64) 7(21.21) 0.176
Hyperlipidemia[n(%) ] 67(62.62) 13(39.39) 0.018
WBC(X10%/L,M(Pxs,Pss) ] 8.24(6.48,9.99) 6.30(5.62,8.49) 0.005
Hb[ /L, M(Pss,Ps) ] 142.00(131.00,151.00) 133.00(125.50, 147.00) 0.027
CRP[mg/L,M(Pas,Pss)] 2.50(0.87,9.69) 1.40(0.75,2.51) 0.046
D-dimer[ mg/L, M(P»s, Pss) ] 0.324(0.221,0.434) 0.296(0.199,0.515) 0.728
proBNP[ng/L, M(Pss, Pys) ] 273.30(77.10,808.00) 85.56(44.39,163.00) 0.001
TnT[ pg/L,M(Pss,Pss) ] 37.27(11.48,736.00) 7.66(6.32,11.18) <0.001
TG mmol/L., M(Pxs,Pss) ] 1.61(1.09,2.44) 1.20(0.94,1.92) 0.050
TC[mmol/L, M(Pss, Pss) ] 4.70(3.78,5.75) 4.40(3.87,5.33) 0.191
HDL-C[ mmol/L, M (P, Pss) ] 1.10(0.93,1.32) 1.15(0.96,1.61) 0.140
LDL-C[mmol/L, M(Pss, Pss) ] 2.96(2.05,3.69) 2.63(1.99,3.32) 0.283
apoA [ mg/dL, M(Ps, Pss) ] 115.00(99.00,125.00) 115.00(92.00,131.00) 0.915
apoB[ mg/dL, M(Pys, Pys) ] 81.00(58.00,95.00) 69.00(47.00,83.00) 0.049
FBG[ mmol/L, M (P»s,Pss) ] 5.77(5.14,7.82) 5.65(4.87,6.31) 0.196
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Characteristic CAD(n=107) Control(n=33) P
Cr[ wmol/L, M(Ps, Pss) | 79.30(66.87,95.58) 68.31(55.40,84.74) 0.006
eGFR[mL/(min-1.73 m*) ,M(Pss,Ps) | 86.50(71.00,103.00) 95.00(79.00,107.50) 0.078
lg(Hpx) [M(Pss, Pss) ] 2.79(2.57,3.54) 2.73(2.50,3.28) 0.262
Hpx>Pys[n(%) ] 32(29.90) 4(12.12) 0.041
Hpx-apoB[ mg/1>, M(Pss, Pss) ] 2.23(1.71,2.98) 1.68(1.27,2.31) 0.005
Antiplatelet dmgs[n(%) ] 104(97.20) 17(51.52) <0.001
Beta-blockers[n(%) | 24(22.40) 11(33.30) 0.206
Statins[n(%) ] 54(50.50) 17(51.50) 0.916
ACEI/ARB[n(%) ] 66(61.70) 17(51.50) 0.299
Insulin[n(%) ] 9(8.40) 2(6.10) 0.661
LVEF[ % ,M(Pss,Pss) ] 61.00(56.00,65.08) 62.70(60.00,67.45) 0.046

Drug utilization data were collected from medication records documented at the time of hospital admission. SBP : systolic blood pressure; DBP:
diastolic blood pressure; WBC: white blood cell count; Hb: hemoglobin; TG : triglycerides:; TC: total cholesterol; HDL-C: high-density lipoprotein
cholesterol; N-HDL-C: non-high-density lipoprotein cholesterol; FBG: fasting blood glucose; BUN: blood urea nitrogen; eGFR : estimated glomerular
filtration rate ; lg (Hpx) : the common logarithm of hemopexin value ; Hpx>Pss: hemopexin protein concentration in the upper quartile; ACEI/ARB:

angiotensin-converting enzyme inhibitors/angiotensin receptor blockers ; LVEF: left ventricular ejection fraction.
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AP 8 b
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3D MR B K 2 300 A 2 AN B S AR A Y
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TnT. Cr £ 2 V& K 27 G AR 20 (3 2) « 2 V0 LR
FEH (3 3) e ik 2 3O A& A (R 4D 35 B2 T
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PEFRE 1 CAD ZHAIA IR ZH (P < 0.001, % 2) 5 A f L
4 82 v T R E M CAD 40 (P=0.003) ; Btk oot
P AFRREROEIRA R E F T R4 (P <0.001,  HSCRARH ) 2 7 IS 2E R P > 0.05),
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Table 2 Comparison of Hpx - apoB and other indicators among acute coronary syndrome, chronic coronary syndrome and
[M(P257P75)J

= (P ¥ < 0.05), (%% & 5 8 E IH [ B% (low-density
lipoprotein cholesterol, LDL-C) 7 & ik 2 3 42 4 5

control groups

Indicator Acute coronary syndrome(n=78)  Chronic coronary syndrome (n=29) Control (n=33) P
Hpx-apoB(mg’/L’) 2.36(1.86,3.13) 1.72(1.29,2.44) 1.68(1.27,2.31) <0.001
CRP(mg/L) 4.29(1.10,15.40) 1.35(0.70,4.45) 1.40(0.75,2.51) 0.005
proBNP(ng/L) 466.00(121.00, 1 206.50) 110.82(36.70,235.40) 85.56(44.39,163.00)  <0.001
TnT(pg/L) 151.50(13.74,1 825.50) 13.60(9.45,20.90) 7.66(6.32,11.18) <0.001
LDL-C(mmol/L) 3.12(2.36,3.77) 2.17(1.86,3.08) 2.63(1.99,3.32) 0.008
Cr(pmol/L) 83.12(67.72,101.41) 73.60(63.65,84.04) 68.31(55.54,84.74) 0.006

%3 Hpx-apoB R EMIBXIERE M CAUET  AREROLRE. BERE R RS X RA B LS
Table 3 Comparison of Hpx-apoB and other indicators among acute myocardial infarction, unstable angina, chronic

coronary syndrome and control groups [M(Ps, Pss) ]

Acute myocardial Unstable angina Chronic coronary

Indicator infarction(n=55) (n=23) syndrome(n=29) Control (n=33) P
Hpx - apoB (mg/L) 2.37(1.88,3.23) 2.35(1.78,2.95) 1.72(1.29,2.44) 1.68(1.27,2.31) <0.001
CRP(mg/L.) 8.30(1.95,21.94) 1.10(0.50,2.12) 1.34(0.70,4.45) 1.40(0.75,2.51) <0.001
proBNP (ng/L) 737.50(266.85,2 095.00) 99.80(38.50,460.80) 110.82(36.70,235.40) 85.56(44.39,163.00) < 0.001
TnT(pg/L) 876.00(110.00,2 682.00)  12.66(8.86,35.40) 13.60(9.45,20.90) 7.66(6.32,11.18) <0.001
LDL-C(mmol/L) 3.23(2.64,3.91) 2.52(2.05,3.55) 2.17(1.86,3.08) 2.63(1.99,3.32) 0.004
Cr(mol/L) 82.85(68.94,100.48) 87.62(66.87,103.33)  73.60(63.65,84.04) 68.31(55.54,84.74) 0.016




- 958 - (IS VS N 1

455571
20257 H

&4 Hpx-apoB REMBEXIERERIKES ZHE . EHRE S RABA LS

Table 4 Comparison of Hpx-apoB and other indicators among multi-vessel coronary artery disease, single-vessel coronary

artery disease and control groups

[M(Ps,Pss) ]

Multi-vessel coronary

Single-vessel coronary

Indicator . i Control(n=33) P
artery disease(n=61) artery disease(n=46)
Hpx-apoB(mg’/L*) 2.35(1.78,3.31) 2.00(1.63,2.69) 1.68(1.27,2.31) 0.002
CRP(mg/L.) 4.29(1.28,12.98) 2.03(0.61,6.68) 1.40(0.75,2.51) 0.047
proBNP(ng/L.) 466.00(106.31,1 064.85) 144.00(48.23,470.04) 85.56(44.39,163.00) <0.001
TnT(pg/L) 83.95(13.66,1 134.50) 18.30(9.44,110.00) 7.66(6.32,11.18) <0.001
LDL-C(mmol/L) 3.01(2.32,3.71) 2.64(1.93,3.58) 2.63(1.99,3.32) 0.129
Cr(pmol/L) 79.82(63.46,100.88) 77.20(68.12,91.37) 68.31(55.54,84.74) 0.024

Multivessel coronary artery disease is defined by angiography as stenosis affecting two or more major epicardial vessels among the left anterior

descending artery, left circumflex artery, and right coronary artery. Left main coronary artery involvement is considered equivalent to multivessel disease.
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OR(95%CID
Male 3.738(1.654-8.448)

Smoking 2.429(1.033-5.710)
Hyperlipidemia 2.577(1.157-5.738)
WBC 0.990(0.929-1.055>
Hb 1.032(1.005-1.061>
CRP 1.104(1.002-1.217>
proBNP 1.002(1.000-1.004>
TnT 1.017(0.998-1.036)
TG 1.490(0.921-2.441)
apoB 1.012(0.997-1.028>
Cr 1.029(1.007-1.052)
LVEF 0.962(0.908-1.020)
Hpx(>Pss5) 3.093(1.005-9.552)
lg(Hpx) 1.482(0.833-2.638)
Hpx-apoB 1.615(1.007-2.591)
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AUCTEN0.713, REEEN0.617, KR EN0.742, 24
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Figure 1 Univariate logistic regression analysis for CAD risk
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Table 5 Multivariate logistic regression analysis of Hpx -apoB and other indicators for risk of CAD
Univariate model Multivariate model
Indicator
OR 95%C1 P OR 95%C1 P
Hpx-apoB 1.651 1.007-2.591 0.047 2.554 1.336-4.881 0.005
lg(Hpx) 1.482 0.833-2.638 0.181 1.301 0.652-2.595 0.774
apoB 1.012 0.997-1.028 0.119 0.995 0.967-1.024 0.792
Male 3.738 1.654-8.448 0.002 4.079 1.739-9.571 0.055
Smoking 2.429 1.033-5.710 0.042 2.424 0.984-5.974 0.659
Hyperlipidemia 2.577 1.157-5.738 0.020 1.694 0.670-4.285 0.353
Hb 1.032 1.005-1.061 0.022 1.026 0.997-1.056 0.181
CRP 1.104 1.002-1.217 0.046 1.106 0.999-1.225 0.094
proBNP 1.002 1.000-1.004 0.028 1.002 1.000-1.003 0.056
Cr 1.029 1.007-1.052 0.011 1.033 1.008-1.059 0.047
1.0 1.0
0.8 0.8
= 0.6 = 0.6~
= z
vy 0.4 1 —— Hpx-apoB @ 0.4+ — Hpx-apoB+Cr
—— CRP+LDL-C+proBNP+TnT )
— « CRP+LDL-C+proBNP+TnT+Hpx - apoB Framingham
0.2 = proBNP+TnT 0.2 = = Framingham+Hpx-apoB+Cr
= = proBNP+TnT+Hpx-apoB — SCORE
— CRP+LDL~C . .
0 — - CRP+LDL-C+Hpx-apoB 0 = = SCORE+Hpx-apoB+Cr
I T T r T T
0 0.5 1.0 0 0.5 1.0
1-Specificity 1-Specificity
2 Hpx-apoB Bt & &G E VIR E M TN E L 5% B ROC 3 Hpx-apoB+Cr Bt & X & 77048 B 757 0 7 9% B9 ROC
iz thk

Figure 2 ROC curves of Hpx - apoB combined with tradi-

tional biomarkers

Figure 3 ROC curves of Hpx-apoB+Cr integrated risk

assessment model

36 Hpx-apoB XA 5 & 50 M ERTYREL AR NRI 5347

Table 6 NRI analysis of Hpx -apoB combined models vs. conventional cardiovascular biomarker models

Conventional model Combined model NRI(95%CI) IDI(95%CI)

Model  AUC(95%CI) Model AUC(95%CI) AAUE oy (%) (%) e
CRP+LDL-C+ 0.785 Hpx - apoB+ CRP+LDL- 0.799 0.014 0.719 14.60 4.00 0.060
proBNP+TnT  (0.702-0.868) C+proBNP+TnT (0.722-0.876) (-3.40-28.10) (0.05-15.94)
proBNP+TnT 0.807 Hpx - apoB+proBNP + 0.789 -0.180 0.646 4.67 1.70 0.360

(0.729-0.885) TnT (0.707-0.871) (=7.03-23.12) (-0.01-11.82)
CRP+LDL-C 0.622 Hpx-apoB+ 0.728 0.106 0.015 15.63 4.82 0.030
(0.524-0.720) CRP+LDL-C (0.630-0.827) (1.90-31.70)  (1.50-15.71)

2.5 Hpx-apoB 5 CAD R [% &) 228 7 it 1 5 #7
WA Hr a5 R BoR, AR =65 % 5P UM
REME DRI, Hpx - apoB N H 5 Cr
(I B 48 B8 38 R FE 5T CAD BIASZ T BE /7 (P <
0.05, % 8) o ZZEAF 0 o » #5530 S WO L /)

BRUEIE 2 5 Hpx - apoB [AI/71E i 3 A8 HAEH (P <
0.05), £ 51 W M 5 Hpx - apoB 56 & Cr [AJ 77 1E B AT
HAEH (P s< 0.05, % 8). B Hpx-apoB X} CAD [
JRVIE 52 0 1) IR AR 5 0 B /N BRI I S 1y S
Hpx - apoB Ik & Cr X CAD [ XS 52 2114 1) W R AR
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Table 7 NRI analysis of Hpx - apoB+Cr combined models vs. conventional cardiovascular risk scores

[ {2 7K P 22 IE A3 2%, 17 5 apoA/apoB LUAE 2 7 AH 5%
(P<0.05,K4).

Conventional model Combined model NRI(95%CI)  IDI(95%CI)
AUC PD(‘L(mg NRVIDI
Model AUC(95%CI) Model AUC(95%CI) (%) (%)
Framingham 0.643 Framingham+ 0.719 0.076  0.139 27.04 5.80 0.002
(0.527-0.759)  Hpx-apoB+Cr  (0.626-0.813) (7.56-36.14)  (1.18-17.56) < 0.001
SCORE 0.567 SCORE + 0.709 0.142  0.093 37.55 10.29
(0.440-0.694)  Hpx-apoB+Cr  (0.612-0.806) (14.70-55.05) (4.01-23.69)
%8 Hpx-apoB 5 CAD X &I 2H B R #7
Table 8 Subgroup analysis in Hpx-apoB and risk of CAD
Hpx+apoB univariate model Hpx+apoB + Cr combined model
Indicator
OR(95%CI) P Pieraciion OR(95%CI) P Prcraction
Age 0.161 0.229
=65 years(n=56) 3.938(1.022-15.176) 0.046 3.541(0.999-12.548) 0.050
<65 years(n=84) 1.407(0.850-2.328) 0.184 1.518(0.921-2.500) 0.101
Sex 0.007 0.008
Female(n=44) 0.963(0.570-1.625) 0.887 0.951(0.573-1.576) 0.887
Male(n=96) 6.144(1.741-21.687) 0.005 6.527(1.808-23.558) 0.004
Smoking 0.022 0.026
Yes(n=80) 7.479(1.612-34.698) 0.010 7.525(1.601-35.367) 0.011
No(n=60) 1.141(0.712-1.828) 0.584 1.228(0.761-1.984) 0.400
eGFR 0.047 0.121
=90 mL/(min-1.73 m*) (n=63) 1.270(0.768-2.101) 0.352 1.365(0.819-2.276) 0.233
<90 mL/(min-1.73 m*) (n=76) 4.705(1.432-15.456) 0.011 3.708(1.172-11.727) 0.026
Hpx-apoB { HE BN Em |
le(Hpx) A | |
eGFRH
CrH
FBG |
apoA/apoB 1 |
apoB A .. P 0
apoA 1 L] . .
non-HDL-C 1 N | 0.5
LDL-C || 0
HDL-C || =
TCH H B “ = . -0.5
T H -1.0
TnT4
proBNP l
D-dimer .
CRPA ||
Hb

WBC
Y G L LT S SETE T &
RSOSSN CE RN
AN 2 Nt No S
& N ;W
»’\\

The color scale indicates both direction (red for positive correlation, blue for negative) and magnitude (color intensity) of correlations. Correlation
coefficients are denoted by p(Spearman’s rho).
4 Hpx-apoB 5IaRIEFRAIFE K ES 1

Figure 4 Heatmap analysis of Hpx-apoB correlations with clinical biomarkers
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Hpx 7E SO VLR BT 5 52 25 19 0, B7 1k 3 29 1
213 51 I AR A B O 2H 2 R RS 0 B
I, Hpx 388 1o 77 00 25 120 35, 4 35O E 45 725 1 Fa
A, & =5 e W2 4K 2 B (ryanodine receptor 2,
RyR2) %Ak A5 /45 T 2% 40 1 2 B Bl 11 (Ca™/
calmodulin-dependent protein kinase Il , CaMK II ) {
L BERR AL, MTI T Wi 408 Th e R d oo X e
Ft R I, Hpx 7K P T+ i bi WU Bt 480 B3R AR
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A &2 T AE CAD 41, {2 Hpx>Pss 1 G 451 75 CAD
BE R E IS, H A E Logistic [F1J3 20 #1278
Hpx>Ps 5 CAD JX S 52 IR AH 5< o HE I 52 /L 1 4
N FEMEME CAD H, S0 B 0 B AL T 2O
A A BTG 5 K L3 Hpx 7K1 Bl AT 4
FRAA T B4R Hpx TG 22 55 317K 7 Hpx (G Pos) 1
AN 1 SR B gy B AR RE ), AR A B
FUBKZE) CAD IR A 5 R i« 45 b, Hpx W AE A S ik
FAL BT (R AE bR 54

W 5E R I, S A RE S g o A 2 L B AT k[
YEH, S AL B fe 9% 3 i {2 1E apoB 2 1 Al LDL %
A, HE B L A 4 M TR B ) T R AN e, 3 5 LB
B KA Y i BT 25 L e 1
AR apoB AT LDL 5 HiUkr 75 Ifi 5 BE JTAR , T&
FS Y A 400 R A B80S I 5 SR RO AAE AR 5 K
FETBARNE PR 7~ A a3k I B 2R L 51 R I A T2 B 2
PEBRE S AR, IR ARSI X [F A
FHAE B ik s A5 B8 A 18 T2 BSOR SRE HRs 28 3 30 ) S At
O ML A A O AE T . W T8 K B, Hpx Jl i
ELE NG 7S AR = K =tk =i QiR EA R
B7 1k H 5 apoB 3R M 7y 45 &, AT A I 2T 3R AL
apoB AL , W 5 apoB T il 3t S R A) , 23 1T 9k %
LDL [ 3h ik pe s A AE o T Bk bl
Hpx 1y s S8 A0 B2 EOKF B A 088 54 5 apoB AR
FME T HAG O, AT 70K Hpx 5 apoB FHIEMEE T
2 & 4845 Hpx - apoB, 73 M1 T %48 b5 7E CAD 5.1 7
A A 16 6 73 J22 B 2 A4

20 [\) 2 5 PL B R B0, Hpx - apoB 7E CAD 2 i 2%
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I8 ) 41 1) Hpx - apoB 7K~V B {2 = T 1% 14 £2 0€ 1 CAD
B MR . X Hpx - apoB 7K~F 1) 2l 25 I 9 AT B
A BITR5 CAD B i s e MA, 4k CAD

FRY RS 7 J2 R 1R 5

% K & 91 V3 29 T 1IE 52, Hpx - apoB /& CAD [/t
ST R ¥ COR=2.554, P=0.005) . ¥ Hpx - apoB 5
FE G bR EVHE I, B H 22 AL e . BEA
proBNP+TnTHf, AAUC=-0.180, NRI=4.67%(P=0.36)
Hpx - apoB & $2 T Fl il 25 e , 2 7= HAE O L4524 5
B B AN B I A {8 . 15 CRP+LDL-C Bt A
AAUC=0.106, NRI=15.63% (P=0.03) , iX Ff: = 53 A fig
S B Hpx - apoB (1) F90l 4/ B 55 £ - 20 Jhk 585 A A 41
R B, 2 BIER B Hrid &K L CrK-F-5 CAD
A A7 7E I 5 32 35 14 AH 5% (P=0.05) , H AL 7] G
55 Dy RE 52 47 AH O 75 B A7 far I B A IER A 2 R G
B 2R - I B K o - T T R O 28 RO AR
TR RN o e 2 DR 3R [B] VA AR B 5 1 PR X
P A5 A 45 &, BE A Framingham ¥ 73 J5 » AAUC=
0.076, NRI=27.04% (P=0.002) ; B4 SCORE 43 ) »
AAUC=0.142, NRI=37.55% (P < 0.001) , 1X%& %% B
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()6 S BB RO 55 R 58 JE R AR S (101 PPARa-
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Hpx - apoB 5 L2185 7K~V EV4H T H 30 % R FE b
S IEAHSG, 1X — R I H AT R e i 18 5 S A R
2R NI AR U I 45 5 CAD 1) R A2 K
FHAT

2R ERTIR , AW 5T W %2 2| Hpx - apoB A Fi il
CAD UK il AR B2 A, 7T 5 4% Gt i R KU D770
B P2 = TR o AN FAFAE LT R PR - DR Wt
THI 152 T 3 DA S8 R AR G R QFFE AR B/ BT
55 1=, T REBR A BIF 50 45 e 4k ) 1 s BB 4 AR Fa



+ 962 - [T

VS PN

455571
20257 H

CAHEAVRBOBRR K. EEALEITRZ
O KRB FTIEVERE FUOF 45 & AR A BORSFE Tk
2B UG IE Hpx - apoB X CAD o FGAMH .

FZE IR FE -

PR3 A B TE R 25 0 5%

Conflict of interests:

The authors declare no competing interests.

{EH STk AR :

FEAEN TR RS FR bR LI A 400K VK E
PR B 78 Wi ST TR RSB AN S s W A T

BAR IR Z A s 5K — WA ST ST A s iR ST Tk
TSRS Gtk i RSB BRB S ST ST B 18
(LEE

Author’s Contributions:

LI Guohua was responsible for manuscript writing and labo-
ratory measurements; CAl Wenyu, ZHANG Dengqing, CHEN
Zimin, and YANG Jie were responsible for subject recruitment
and data collection; ZENG Jianxing was responsible for laboratory
measurements; ZHANG Yifan was responsible for statistical
analysis; JIN Shijia was responsible for study design, manu-
script writing, statistical analysis, manuscript revision; CHEN
Zhong was responsible for study design, manuscript revision.
(&% 3R]

[1] HELGASON H, EIRIKSDOTTIR T, ULFARSSON M O,
et al. Evaluation of large-scale proteomics for prediction
of cardiovascular events[J]. JAMA, 2023, 330(8) : 725-
735

[2] NURMOHAMED N S, KRAAIJENHOF J M, MAYR M,
et al. Proteomics and lipidomics in atherosclerotic cardio-
vascular disease risk prediction[J]. Eur Heart J, 2023, 44
(18):1594-1607

[3] MEHTA N U, REDDY S T. Role of hemoglobin/heme
scavenger protein hemopexin in atherosclerosis and
inflammatory diseases [J]. Curr Opin Lipidol, 2015, 26
(5):384-387

[4] WATANABE J, GRIJALVA V, HAMA S S, et al. Hemo-
globin and its scavenger protein haptoglobin associate
with apoA -1-containing particles and influence the
inflammatory properties and function of high density
lipoprotein [J]. J Biol Chem, 2009, 284 (27) : 18292
18301

[5] CUBEDO J, SUADES R, PADRO T, et al. Erythrocyte -
heme proteins and STEMI: implications in prognosis [J].
Thromb Haemost, 2017, 117(10): 1970-1980

[6] GILLILAND T C,LIU Y X, MOHEBI R, et al. Lipoprotein
(a) , oxidized phospholipids, and coronary artery disease
severity and outcomes [J]. J] Am Coll Cardiol, 2023, 81

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18):1780-1792
RIGOTTI N A, KRUSE G R, LIVINGSTONE-BANKS J,
et al. Treatment of tobacco smoking: a review[ J]. JAMA,
2022,327(6):566-577
JEHt R MR B iR B2, AL ST PRI BTG Ph 2, LRt ek
PR SRR E TS, 5. RO MR & E B
SR AR I 2020001 o [ BR S AT HY 2% G55 2020, 12(8)
1-73
Beijing Hypertension Association, Beijing Diabetes Pre-
vention and Treatment Association, Beijing Chronic Dis-
ease Prevention and Health Education Research Associa-
tion, et al. Practical guideline for comprehensive cardio-
vascular disease management in primary care 2020 [J].
Chinese Journal of the Frontiers of Medical Science,
2020, 12(8>:1-73
VASAN R S, ENSERRO D M, XANTHAKIS V, et al.
Temporal trends in the remaining lifetime risk of cardio-
vascular disease among middle - aged adults across 6
decades: the Framingham study [J]. Circulation, 2022,
145(17):1324-1338
SCORE2 Working Group and ESC Cardiovascular Risk
Collaboration. SCORE2 risk prediction algorithms: new
models to estimate 10-year risk of cardiovascular disease
in Europe[ J]. Eur Heart J, 2021, 42(25):2439-2454
SCORE2 - OP Working Group and ESC Cardiovascular
Risk Collaboration. SCORE2 - OP risk prediction algo-
rithms: estimating incident cardiovascular event risk in
older persons in four geographical risk regions [J]. Eur
Heart J,2021,42(25):2455-2467
INGOGLIA G, SAG C M, REX N, et al. Hemopexin coun-
teracts systolic dysfunction induced by heme-driven oxida-
tive stress[J 1. Free Radic Biol Med, 2017, 108: 452-464
ALVARADO G,JENEY V,TOTH A, et al. Heme-induced
contractile dysfunction in human cardiomyocytes caused
by oxidant damage to thick filament proteins [J]. Free
Radic Biol Med, 2015, 89:248-262
VEKIC J, STROMSNES K, MAZZALAT S, et al. Oxidative
stress , atherogenic dyslipidemia, and cardiovascular
risk[J]. Biomedicines, 2023, 11(11):2897
MAHDINIA E, SHOKRI N, TAHERT A T, et al. Cellular
crosstalk in atherosclerotic plaque microenvironment [J].
Cell Commun Signal, 2023,21(1): 125
GRINSHTEIN N, BAMM V V, TSEMAKHOVICH V A,
et al. Mechanism of low-density lipoprotein oxidation by
hemoglobin - derived iron [J]. Biochemistry, 2003, 42
(23):6977-6985
MILLER Y I, SMITH A, MORGAN W T, et al. Role of
(F#%97270)



+ 972 - [T

R

455571

7ok 202547

[23]

[24]

[25]

[26]

[27]

[28]

Nat Commun, 2023, 14(1):4893

DING X, ZHANG W J, YOU R, et al. Camrelizumab plus
apatinib in patients with recurrent or metastatic nasopha-
ryngeal carcinoma: an open - label, single - arm, phase Il
study[J]. J Clin Oncol,2023,41(14):2571-2582

MO Y, PAN Y, ZHANG B, et al. Apatinib combined with
camrelizumab in the treatment of recurrent/metastatic
nasopharyngeal carcinoma: a prospective multicenter
phase II study[J]. Front Immunol, 2023, 14: 1298418
JIANG Y F, CHEN C, LIU G Y, et al. Combination strate-
gy exploration for prior treated recurrent or metastatic
nasopharyngeal carcinoma in the era of immunotherapy
[J]. Sci Rep,2024, 14(1): 1768

CHENG C, ZHUGE L D, XIAO X, et al. Overcoming
resistance to PD-1/PD-L1 inhibitors in esophageal cancer
[J]. Front Oncol, 2022, 12: 955163

SUN J Y, ZHANG D K, WU S Q; et al. Resistance to PD-
1/PD-L1 blockade cancer immunotherapy: mechanisms,
predictive factors, and future perspectives [J]. Biomark
Res, 2020, 8:35

DING X, HUA Y J, ZOU X, et al. Camrelizumab plus
famitinib in patients with recurrent or metastatic nasopha-
ryngeal carcinoma treated with PD-1 blockade: data from
a multicohort phase 2 study [J]. EClinicalMedicine,
2023,61: 102043

[29]

[30]

[31]

[32]

[33]

JIANG Y F, FANG T, LU N, et al. Anti-PD1 rechallenge
in combination with anti-angiogenesis or anti-EGFR treat-
ment beyond progression in recurrent/metastatic nasopha-
ryngeal carcinoma patients[J]. Crit Rev Oncol Hematol,
2023,190: 104113
HUA Y H, DONG R Z, JIN T, et al. Anti-PD-1 monoclo-
nal antibody combined with anti- VEGF agent is safe and
effective in patients with recurrent/metastatic head and
neck squamous cancer as second-line or beyond treatment
[J]. Front Oncol, 2022, 12: 781348
GUO S S, YANG J H, SUN X S, et al. Reduced-dose ra-
diotherapy for Epstein-Barr virus DNA selected staged Ill
nasopharyngeal carcinoma: a single-arm, phase 2 trial[J].
Eur J Cancer, 2023, 194: 113336
LIY J,XUTT, QIAN W, et al. Radiation-induced naso-
pharyngeal ulcers after intensity modulated radiotherapy
in primary nasopharyngeal carcinoma patients: a dose -
volume-outcome analysis[ ] ]. Oral Oncol,2018,84: 1-6
NG W T, LEEM C H, CHANG A T Y, et al. The impact
of dosimetric inadequacy on treatment outcome of naso-
pharyngeal carcinoma with IMRT[J]. Oral Oncol, 2014,
50(5):506-512

(i AT 2025-02-07

(KRR % F1D

e e S B e e S S e S e S S S S e e

(L% o62m)

[18]

[19]

hemopexin in protection of low - density lipoprotein
against hemoglobin-induced oxidation[J]. Biochemistry,
1996,35(40): 13112-13117

MATSUSHITA K, BALLEW S H, WANG A Y, et al. Epi-
demiology and risk of cardiovascular disease in popula-
tions with chronic kidney disease[J]. Nat Rev Nephrol,
2022,18(11):696-707

SCHMITT M, EWENDT F, KLUTTIG A, et al. Smoking is
associated with increased eryptosis, suicidal erythrocyte
death, in a large population-based cohort[J]. Sci Rep,
2024, 14:3024

[20]

[21]

ROY N, GAUDET D, TREMBLAY G, et al. Association
of common gene - smoking interactions with elevated
plasma apolipoprotein B concentration[J]. Lipids Health
Dis, 2020, 19(1):98
FAN X M, ZHANG X L, LIU L. C, et al. Hemopexin accu-
mulates in kidneys and worsens acute kidney injury by
causing hemoglobin deposition and exacerbation of iron
toxicity in proximal tubules [J]. Kidney Int, 2022, 102
(6):1320-1330
(imBH] 2025-02-26
(KRR % F1)





